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BACKGROUND: The aim of this study was to systematically review all current interventions that
have been utilized to improve respiratory function and activity after stroke. METHODS: Specific
searches were conducted. The experimental intervention had to be planned, structured, repetitive,
purposive, and delivered with the aim of improving respiratory function. Outcomes included re-
spiratory strength (maximum inspiratory pressure [PImax], maximum expiratory pressure [PEmax])
and endurance, lung function (FVC, FEV1, and peak expiratory flow [PEF]), dyspnea, and activity.
The quality of the randomized trials was assessed by the PEDro scale using scores from the
Physiotherapy Evidence Database (www.pedro.org.au), and risk of bias was assessed in accordance
with the Cochrane Handbook for Systematic Reviews of Interventions. RESULTS: The 17 included
trials had a mean PEDro score of 5.7 (range 4–8) and involved 616 participants. Meta-analyses
showed that respiratory muscle training significantly improved all outcomes of interest: PImax (weighted
mean difference 11 cm H2O, 95% CI 7–15, I2 � 0%), PEmax (8 cm H2O, 95% CI 2–15, I2 � 65%), FVC
(0.25 L, 95% CI 0.12–0.37, I2 � 29%), FEV1 (0.24 L, 95% CI 0.17–0.30, I2 � 0%), PEF (0.51 L/s,
95% CI 0.10–0.92, I2 � 0%), dyspnea (standardized mean difference �1.6 points, 95% CI �2.2
to �0.9; I2 � 0%), and activity (standardized mean difference 0.78, 95% CI 0.22–1.35, I2 � 0%).
Meta-analyses found no significant results for the effects of breathing exercises on lung function. For the
remaining interventions (ie, aerobic and postural exercises) and the addition of electrical stimulation,
meta-analyses could not be performed. CONCLUSIONS: This systematic review reports 5 possible
interventions used to improve respiratory function after stroke. Respiratory muscle training proved to
be effective for improving inspiratory and expiratory strength, lung function, and dyspnea, and benefits
were carried over to activity. However, there is still no evidence to accept or refute the efficacy of
aerobic, breathing, and postural exercises, or the addition of electrical stimulation in respiratory func-
tion. Key words: stroke; spirometry; maximal respiratory pressures; comparative effectiveness research;
dyspnea; motor activity. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]
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Introduction

Stroke is the second-leading cause of death globally and
the leading cause of disability worldwide.1 Previous stud-
ies have demonstrated that stroke affects not only the mus-
cles of the upper and lower limbs, but also those of the
respiratory system.2,3 Individuals with stroke typically dem-
onstrate changes in breathing pattern,4 decreased ventila-
tory function,5 decreased strength of the respiratory mus-
cles,2,6 and reduced activity of the paretic diaphragm.7,8 In
addition, decreased respiratory function is associated with
deconditioning, activity limitations, and elevated risk for
respiratory complications.9 Disabilities of the respiratory
system after stroke associated with dysphagia and ineffec-
tive cough may increase the risks of aspiration pneumoniae,
which has been described as the leading cause of non-
vascular death after stroke.10 Thus, implementing inter-
ventions that have the potential to improve respiratory
function and, consequently, to prevent morbidity and mor-
tality in people with stroke is vindicated.11,12

Respiratory function is related to the breathing process,
in which the lungs perform their function of ventilation
and perfusion, and, thus, properly oxygenate all body tis-
sues.13 However, this process depends on proper function-
ing of all the involved structures, such as suitable strength
and endurance of the respiratory muscles, as well as lung
volumes and flows.13 These variables have been commonly
used to reflect respiratory function and evaluate the effec-
tiveness of various types of interventions in people with
stroke.14-16 Neuromuscular electrical stimulation,14 trans-
cranial magnetic stimulation,15 breathing exercises (breath-
ing/chest expansion/diaphragmatic exercises),16 and respi-
ratory muscle training6 are examples of applied
interventions, which have the potential to improve respi-
ratory function. These interventions may increase the
strength and endurance of the respiratory muscles, speed
of contractions and power outputs, diaphragm thickness,

and lung volumes and flows.6,14-16 Thus, the knowledge of
the most effective interventions is fundamental for profes-
sionals because this information may help them integrate
the best research evidence into their clinical practice. This,
when associated with clinical expertise and client prefer-
ences, will produce appropriate and effective services.17,18

There have been 4 systematic reviews that examined
improvements in outcomes related to respiratory function
in people with stroke, but the delivered intervention was
always respiratory muscle training.3,6,19,20 The results in-
dicated that respiratory muscle training resulted in increased
strength of the inspiratory (7 cm H2O)6,19 and expiratory
(13 cm H2O) muscles6 and improved lung function, such
as FVC (2.0 L).19 Although numerous randomized clinical
trials14-16 have investigated the effects of other interven-
tions aimed at improving respiratory function in people
with stroke, there were no systematic reviews found that
summarized the current evidence. In addition, improve-
ments in impairments related to respiratory function have
the potential to reduce activity-related symptoms, such as
dyspnea, and the benefits could be carried over to every-
day activities, due to more efficient use of the respiratory
muscles in activities of daily living. Therefore, the effects
of respiratory interventions on dyspnea and the carryover
effects to activity should also be investigated.

Thus, the aim of this review was to investigate all cur-
rent interventions that have been utilized to improve re-
spiratory function and activity after stroke. The findings
may help professionals select the best one. To make rec-
ommendations based on the highest level of evidence, this
review included only randomized, controlled trials.21,22

Methods

Focused Questions

A systematic review was conducted to summarize all
current interventions that have been utilized to improve
respiratory function and activity after stroke. The specific
research questions were: What are the interventions that
have been delivered to improve respiratory function after
stroke? Which interventions are effective in improving
respiratory function after stroke? Are any benefits carried
over to activity?

Identification and Selection of Trials

Searches for relevant studies, without date or language
restrictions, were conducted in the following databases:
CINAHL (1986 to January 2017), LILACS (1986 to Jan-
uary 2017), MEDLINE (1946 to January 2017), and the
Physiotherapy Evidence Database (PEDro; www.pedro.
org.au) (1999 to January 2017). Optimized and specific
search strategies were used for all databases, by combining
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key words such as stroke and randomized controlled trials
and words related to respiratory interventions, such as
inspiratory muscle training, expiratory muscle training,
breathing exercises, and respiratory therapy (see the sup-
plementary materials at http://www.rcjournal.com). Title
and abstracts were displayed and screened by two review-
ers (KKPM, PRA), to identify relevant studies. Full-text
copies of relevant peer-reviewed articles were retrieved
and their reference lists were screened to identify further
relevant studies. The method section of the retrieved arti-
cles was extracted and independently reviewed by KKPM
and PRA, using predetermined criteria. Both reviewers
were blinded to authors, journals, and results of the stud-
ies. Disagreement or ambiguities were resolved, after dis-
cussion, by consensus.

Participants, Interventions, and Outcome Measures

Trials involving adult participants (�18 y old) of both
sexes and at any time after stroke onset were included. The
number of participants, age, and time since stroke were reg-
istered for description purposes. At admission to the trial,
participants who were � 6 months after stroke were catego-
rized as acute/sub-acute, and those who were � 6 months
after stroke were categorized as chronic.

The experimental intervention had to be planned, struc-
tured, repetitive, purposive, and delivered with the aim of
improving respiratory function after stroke. All forms of
active exercises (eg, aerobic, strength, breathing, and elec-
trical stimulation) were included. Trials were excluded if
the experimental interventions were one or more of the
following: multidisciplinary, primarily occupational ther-
apy, invasive procedures, drug therapy, single-session ther-
apy, education, sensory or brain stimulation, without ac-
tive exercises. Feasibility studies and study protocols were
not examined. The comparisons of interest were respira-
tory intervention versus no intervention/sham or versus
other interventions.

Trials were examined when at least one outcome related
to respiratory function was measured. The primary out-
comes of interest were strength measures of the respiratory
muscles (eg, maximum inspiratory pressure [PImax], max-
imum expiratory pressure [PEmax], and endurance) or lung
function measured via spirometry (eg, FVC, FEV1, and
peak expiratory flow [PEF]).

Secondary outcomes were dyspnea and activity. Dys-
pnea was defined as an uncomfortable abnormal aware-
ness of breathing and had to be measured using validated
self-reported scales (eg, Borg scale). The activity measure-
ment had to be representative of the ability to execute
tasks or actions. Direct measures or self-reported question-
naires were used, regardless of whether they produced
continuous or categorical data. Measures of general activ-

ity (eg, Barthel Index) were used if they were the only
available measure of activity.

Quality and Risk of Bias

The quality of the included trials was assessed by ex-
tracting the PEDro scores from the Physiotherapy Evi-
dence Database (www.pedro.org.au). Where a trial was
not included in the database, it was independently scored
by two reviewers who had completed the PEDro scale
training tutorial. The PEDro is an 11-item scale designed
for rating the methodological quality (internal validity and
statistical information) of randomized trials. Each item,
except for Item 1, contributes to 1 point to the total PEDro
score (range 0–10 points).23

Risk of bias in the included trials was also indepen-
dently assessed by 2 authors (KKPM, LRN), in accor-
dance with the Cochrane Handbook for Systematic Re-
views of Interventions.24 Disagreements were resolved by
reaching consensus through discussion.

Data Analyses

Information regarding the method (ie, design, partici-
pants, intervention, outcome measures) and results (ie, num-
ber of participants, and mean [SD]) of respiratory out-
comes) were extracted by 2 independent reviewers and
verified by a third one. When information was not avail-
able in the published trials, details were requested from the
corresponding author.

To obtain the pooled estimate of the effects of the in-
terventions, the change scores and/or post-intervention
scores were extracted and analyzed using a random effects
model. The pooled data for all outcomes were reported as
weighted mean difference (MD) or standardized mean dif-
ference (SMD), along with their respective 95% confi-
dence intervals (95% CI). Analyses were performed using
the Comprehensive Meta-Analysis software (Version 3.0;
Biostat, Englewood, New Jersey). The critical value for
rejecting H0 was set at a level of 0.05 (2-tailed). Where
insufficient data were available for a study result to be
included in the pooled analysis, the between-group differ-
ence was reported.

Results

Flow of Trials Through the Review

The electronic search strategy identified 2,914 articles, of
which 344 were duplicates. After screening titles, abstracts,
and reference lists, 46 potentially relevant full articles were
retrieved. However, 29 failed to meet the inclusion criteria
(for a summary of the excluded articles, see the supplemen-
tary materials at http://www.rcjournal.com); therefore, 17 ar-
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ticles were included in this systematic review. Figure 1 out-
lines the flow of the studies through the review.

Characteristics of the Included Trials

The 17 included trials involved 616 participants and
investigated the effects of 5 modalities of interventions
delivered to improve respiratory function after stroke.
Eleven trials compared experimental interventions versus
no intervention,14,16,25-33 3 compared to sham interven-
tions,34-36 and 3 of the studies compared 2 different mo-
dalities of respiratory interventions.37-39 The characteris-
tics of the included trials are summarized in Table 1.

Quality and Risk of Bias. The mean PEDro score of the
17 randomized included trials was 5.7 (range 4–8) (Table
2). All of the trials randomly allocated participants into
groups, had similar groups at baseline, and reported be-
tween-group differences, point estimates, and variability.
The majority had � 15% dropouts (65%). On the other
hand, the majority of the trials did not report blinding of
assessors (53%), concealed allocation (65%), lacked in-
tention-to-treat analyses (82%), or blinded the participants
(100%) or therapists (100%). Regarding the risk of bias,
all of the included trials reported random sequence gener-
ation, and the majority (94%) reported completed outcome
data. However, allocation concealment and blinding of
outcome assessment were reported in only 35% and 47%
of the included trials, respectively, and none of the trials

reported blinding of participants and personnel. In addi-
tion, about 80% of the included trials showed other sources
of bias, such as lack of reports on intention-to-treat anal-
ysis (Fig. 2).

Participants. The mean age of the 616 participants ranged
from 54 to 71 y across trials, and the mean time after
stroke ranged from 9 d to 66 months. The majority of trials
(59%) included participants at the chronic phases after
stroke.

Interventions. The experimental interventions were: aer-
obic exercises (2 trials),37,39 breathing exercises (ie, breath-
ing/chest expansion/diaphragmatic exercises) (4 tri-
als),16,26,30,33 postural exercises (1 trial),32 respiratory
muscle training (11 trials),14,25,27-31,33-36, and the addition
of electrical stimulation (2 trials).14,38 Three trials included
2 interventions (2 experimental groups) and were included
in 2 different comparisons.14,30,34 Concerning respiratory
muscle training, 6 trials delivered training to the inspira-
tory muscles,25,27,31,33,35,36 1 trial to the expiratory mus-
cles,35 and 5 trials to both inspiratory and expiratory mus-
cles.14,28-30,34 Participants undertook training for 20–30 min
(or 25–100 repetitions), 3–7 times per week, over 3–10
weeks.

Outcome Measures. Six trials measured strength of the
respiratory muscles as maximum pressure generated dur-
ing inspiration or expiration, and data were reported
in cm H2O.14,25,33-36 Thirteen trials measured lung function
using spirometry (data on FVC and FEV1 were reported
in L, and data on PEF were reported in L/s).16,25-33,37-39

Two trials30,38 reported lung function as percentages of the
predicted values. Regarding the secondary outcomes, 2 tri-
als measured dyspnea using the Borg scale,29,33 and 6 trials
measured activity.25,29,33,36,37,39 Activity was measured us-
ing timed-walk measures (3 trials),29,37,39 cycle ergometer
(2 trials),33,36 and self-reported questionnaires (3 tri-
als).25,33,36

Effect of Interventions

Aerobic Exercise. The effects of aerobic exercise on re-
spiratory function were examined in 2 trials that had a
mean PEDro score of 6.37,39 The first trial compared in-
tensive with self-selected aerobic exercises,37 and the sec-
ond trial compared self-selected aerobic exercises with
inspiratory muscle training.39 A meta-analysis was not per-
formed due to clinical heterogeneity. Results from the first
trial37 indicated that intensive aerobic exercises improved
FVC (MD 0.4 L, 95% CI 0.1–0.7), FEV1 (MD 0.4 L,
95% CI 0.1–0.7), walking speed (MD 0.1 m/s, 95% CI
0.01–0.19), and walking capacity (MD 59 m, 95% CI
2–116). Results from the second trial39 indicated that the

Titles and abstracts
screened

2,914

Eligible papers
2,570

Duplicates
removed

344

Excluded after
screening

2,524

Not RCT: 26
Intervention not aimed at
respiratory function: 1
Single session intervention: 1
No outcomes of interest: 2

Full-text review
46

Papers included
17

Excluded
29

Fig. 1. Flow chart. RCT � randomized controlled trial.
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Table 1. Characteristics of the Included Randomized Controlled Trials

Study Participants Intervention Outcome Measures

Aerobic exercises
Bang and Son37 Chronic stage

N � 12 (7 men)
Age (y) � 60 (6)

Experimental group: Intensive aerobic exercise with an
ergonomic cycle, at 50–80% of their maximal heart
rate (30 min � 5/wk � 4 wk)

Control group: Self-selected intensity exercise with an
ergonomic cycle (30 min � 5/wk � 4 wk)

Pulmonary function (spirometric variables):
FVC (L), FEV1 (L)

Oxygen saturation: pulse oximeter (%)
Activity: 10MWT (s) and 6MWT (m)

Jung and Bang39 Acute/sub-acute stages
N � 12 (7 men)
Age (y) � 62 (5)

Experimental group: Inspiratory muscle training, with
a fixed load of 30% of PImax (30 min � 5/wk �
4 wk � conventional stroke rehabilitation program
or 30 min � 5/wk � 4 wk)

Control group: Self-selected intensity aerobic exercise
with an ergonomic cycle (30 min � 5/wk � 4 wk
� conventional stroke rehabilitation program or
30 min � 5/wk � 4 wk)

Pulmonary function (spirometric variables) �
FVC (L), FEV1 (L)

Oxygen saturation � pulse oximeter (%)
Activity � 10MWT (seconds) and 6MWT

(meters)

Breathing/chest
expansion/
diaphragmatic
exercise

Joo et al26 Chronic stage
N � 38 (22 men)
Age (y) � 56 (10)

Experimental group: Game-based breathing exercises,
including 14 games, such as blowing a balloon,
flying a kite, an airplane, and a windmill (25 min �
3/wk � 5 wk � conventional stroke rehabilitation
program or 30 min � 5/wk � 5 wk)

Control group: Conventional stroke rehabilitation
program (30 min � 5/wk � 5 wk)

Pulmonary function (spirometric variables) �
FVC (L), FEV1 (L), MVV (L/min)

Kim et al30 Acute/sub-acute stages
N � 37 (17 men)
Age (y) � 59 (6)

Experimental group I: Respiratory muscle training,
with an incentive respiratory spirometer (load not
reported) (50 repetitions � 5/wk � 6 wk �
conventional stroke rehabilitation program or 60 min
� 5/wk � 6 wk)

Experimental group II: Respiratory muscle training,
with an incentive respiratory spirometer (load not
reported) (50 repetitions � 5/wk � 6 wk �
abdominal drawing-in maneuver or 50 repetitions �
5/wk � 6 wk � conventional stroke rehabilitation
program or 60 min � 5/wk � 6 wk)

Control group: Conventional stroke rehabilitation
program (60 min � 5/wk � 6 wk)

Pulmonary function (spirometric variables) �
FVC, FEV1 (all measures were reported as
% predicted)

Muscle activity � costal diaphragmatic and
external intercostal muscles by surface
electromyography (reported as %
predicted)

Seo et al16 Chronic stage
N � 30 (17 men)
Age (y) � 62 (3)

Experimental group: Inspiratory diaphragmatic and
expiratory pursed-lip breathing exercises (15 min �
5/wk � 4 wk � feedback breathing device exercise
or 15 min � 5/wk � 4 wk � conventional stroke
rehabilitation program or 30 min � 5/wk � 4 wk)

Control group: Feedback breathing device exercises
(15 min � 5/wk � 4 wk � conventional stroke
rehabilitation program or 30 min � 5/wk � 4 wk)

Pulmonary function (spirometric variables) �
FVC (L), FEV1 (L), PEF (L/s), VC (L),
VT (L), ERV (L), IRV (L), inspiratory
capacity (L)

Sutbeyaz et al33 Acute/sub-acute stages
N � 45 (32 men)
Age (y) � 62 (7)

Experimental group I: Inspiratory muscle training, with
a load of 40% of PImax (adjusted 5–10% every week
until 60% of maximal strength) (30 min � 6/wk �
6 wk � conventional stroke rehabilitation program-
5/wk � 6 wk)

Experimental group II: Breathing exercises (30 min �
7/wk � 6 wk � conventional stroke rehabilitation
program-5/wk � 6 wk)

Control group: Conventional stroke rehabilitation
program (5/wk � 6 wk)

Pulmonary function (spirometric variables) �
FVC (L), FEV1 (L), VC (L), PEF (L/s),
MVV (L/min), FEF25–75% (%L)

Strength � PImax (cm H2O)
Dyspnea � Borg Scale (6–20)
Heart hate � beats/min
Oxygen consumption � peak oxygen

consumption (mL/kg/min)
Oxygen saturation � oximeter (%)
Ventilação � minute ventilation (L/min)
Activity � Barthel Index (score 0–100)/Cycle

ergometer (W)
Participation � Medical Outcomes Study Short

Form 36 (score 0–100)
Postural exercises

Oh and Park32 Chronic stage
N � 37 (22 men)
Age (y) � 56 (7)

Experimental group: Lumbar stabilization with eight-
step exercises (30 min � 3/wk � 8 wk �
conventional stroke rehabilitation program or
30 min � 3/wk � 8 wk)

Control group: Conventional stroke rehabilitation
program (60 min � 3/wk � 8 wk)

Pulmonary function (spirometric variables) �
FVC (L), FEV1 (L), PEF (L/s)

(continued)
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Table 1. Continued

Study Participants Intervention Outcome Measures

Respiratory muscle
training

Britto et al36 Chronic stage
N � 18 (9 men)
Age (y) � 54 (11)

Experimental group: Inspiratory muscle training, with
a load of 30% of PImax (adjusted every 2 wk,
according the new PImax value) (30 min � 5/wk �
8 wk)

Control group: Sham inspiratory muscle training (30
min � 5/wk � 8 wk)

Strength: PImax (cm H2O)
Endurance: IME (cm H2O)
Activity: Human Activity Profile

(0–94)/Cycle ergometer (W)
Participation: Nottingham Health Profile

(score 0–38)
Chen et al25 Acute/sub-acute stages

N � 21 (8 men)
Age (y) � 66 (13)

Experimental group: Inspiratory muscle training, with
a load of 30% of PImax (adjusted by 2 cm H2O/wk)
(30 min � 5/wk � 10 wk � conventional stroke
rehabilitation program)

Control group: Conventional stroke rehabilitation
program

Strength: PImax, PEmax (cm H2O)
Pulmonary function (spirometric variables):

FVC (L), FEV1 (L)
Oxygen saturation: pulse oximeter (%)
Perceived exertion: Borg and Fatigue

Assessment Scales (0–10)
Activity: Barthel Index (0–100)

Guillén-Solà et al14 Acute/sub-acute stages
N � 62 (38 men)
Age (y) � 69 (9)

Experimental group I: Respiratory muscle training,
with a load of 30% of PImax and PEmax (adjusted by
10 cm H2O/wk) (100 repetitions � 5/wk � 3 wk �
standard swallow therapy or 3 hr � 5/wk � 3 wk)

Experimental group II: Sham respiratory muscle
training, with a fixed load of 10 cm H2O/wk (100
repetitions � 5/wk � 3 wk � neuromuscular
electrical stimulation in swallow muscles or
40 min � 5/wk � 3wk � standard swallow therapy
or 3 hr � 5/wk � 3 wk)

Control group: Standard swallow therapy (3 hr �
5/wk � 3 wk)

Strength: PImax, PEmax (cm H2O)
Dysphagia: Penetration Aspiration Scale

(1–8)
Respiratory complications: Occurrence

Jung and Kim27 Chronic stage
N � 29 (17 men)
Age (y) � 59 (10)

Experimental group: Inspiratory muscle training, with
a load of 30% of PImax (adjusted gradually,
according the Borg scale) (20 min � 3/wk � 6 wk)

Control group: Nothing

Pulmonary function (spirometric variables) �
FVC (L), FEV1 (L), PEF (L/s)

Diaphragm thickness: Ultrasonography (cm)
Chest expansion: Tapeline (cm)

Kim et al28 Chronic stage
N � 27 (10 men)
Age (y) � 57 (7)

Experimental group: Feedback respiratory training,
with the SpiroTiger device adjusted at 50–60% of
vital capacity and low frequency (12–13 breaths/
min) (30 min � 3/wk � 4 wk � conventional
stroke rehabilitation program or 30 min � 3/wk �
4 wk)

Control group: Conventional stroke rehabilitation
program (30 min � 3/wk � 4 wk)

Pulmonary function (spirometric variables):
FVC (L), FEV1 (L), PEF (L/s), VC (L),
VT (L), ERV (L), IRV (L)

Chest expansion: tapeline (cm)

Kim et al29 Chronic stage
N � 20 (sex not reported)
Age (y) � 54 (9)

Experimental group: Respiratory muscle training and
endurance, adjusted by the subjects’ breathing
capacities (20 min � 3/wk � 4 wk � conventional
stroke rehabilitation program or 30 min � 3/wk �
4 wk � exercises using an automated full-body
workout machine or 20 min � 3/wk � 4 wk)

Control group: Conventional stroke rehabilitation
program (30 min � 3/wk � 4 wk � exercises using
an automated full-body workout machine or 20 min
� 3/wk � 4 wk)

Pulmonary function (spirometric variables):
FVC (L), FEV1 (L), PEF (L/s)

Activity: 6MWT (m)
Dyspnea: Borg Scale (1–10)

Kim et al30 Acute/sub-acute stages
N � 37 (17 men)
Age (y) � 59 (6)

Experimental group I: Respiratory muscle training,
with an incentive spirometer (load not reported) (50
repetitions � 5/wk � 6 wk � conventional stroke
rehabilitation program or 60 min � 5/wk � 6 wk)

Experimental group II: Respiratory muscle training,
with an incentive spirometer (load not reported) (50
repetitions � 5/wk � 6 wk � abdominal drawing-in
maneuver or 50 repetitions � 5/wk � 6 wk �
conventional stroke rehabilitation program or 60 min
� 5/wk � 6 wk)

Control group: Conventional stroke rehabilitation
program (60 min � 5/wk � 6 wk)

Pulmonary function (spirometric variables):
FVC, FEV1 (all measures were reported as
% predicted)

Muscle activity: Costal diaphragmatic and
external intercostal muscles (surface
electromyography, % predicted)

Kulnik et al35 Acute/sub-acute stages
N � 78 (47 men)
Age (y) � 64 (15)

Experimental group I: Inspiratory muscle training, with
a load of 50% of PImax (adjusted every week,
according the new PImax value) (50 repetitions �
7/wk � 4 wk)

Experimental group II: Expiratory muscle training,
with a load of 50% of PEmax (adjusted every week,
according the new PEmax value) (50 repetitions �
7/wk � 4 wk)

Control group: Sham respiratory muscle training, with
a fixed load of 10% of maximum pressure (50
repetitions � 7/wk � 4 wk)

Strength: PImax, PEmax (cm H2O)
Cough: Peak expiratory cough flow and

capsaicin-induced involuntary cough
(L/min)

Respiratory complications: Occurrence of
pneumonia

(continued)
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effects of aerobic exercise were worse than inspiratory
muscle training for FVC (MD �0.3 L, 95% CI �0.1
to �0.5) and FEV1 (MD �0.4 L, 95% CI �0.1 to �0.7),
but there was no difference between the groups for walk-
ing speed (MD 0.11 m/s, 95% CI �0.03 to 0.25) and
walking capacity (MD 50 m, 95% CI �22 to 121).

Breathing Exercises. The effects of breathing exer-
cises on respiratory function were examined in 4 trials
that had a mean PEDro score of 5.3.16,26,30,33 In all of
these trials, the control group received no intervention.
Detailed results were provided regarding the outcomes
of interest.

Table 1. Continued

Study Participants Intervention Outcome Measures

Oh et al31 Chronic stage
N � 23 (13 men)
Age (y) � 71 (7)

Experimental group: Inspiratory muscle training, with
a load of 30% of PImax (20 min � 3/wk � 6 wk �
conventional stroke rehabilitation program �
abdominal strengthening and breathing exercises or
3/wk � 6 wk)

Control group: Conventional stroke rehabilitation
program plus abdominal strengthening and breathing
exercises (3/wk � 6 wk)

Pulmonary function (spirometric variables):
FVC (L), FEV1 (L), PEF (L/s)

Thickness: Transverse abdominis and internal
oblique muscles by ultrasonography (cm)

Balance: Berg balance scale (0–56)

Messaggi-Sartor
et al34

Acute/sub-acute stages
N � 109 (63 men)
Age (y) � 67 (11)

Experimental group: Respiratory muscle training, with
a load of 30% of PImax and PEmax (adjusted
10 cm H2O every week) (100 repetitions � 5/wk �
3 wk)

Control group: Respiratory muscle training (100
repetitions � 5/wk � 3 wk)

Strength: PImax, PEmax (cm H2O)
Respiratory complications: Number of lung

infections and pulmonary
thromboembolisms

Peripheral muscle strength: dynamometer
(kg)

Sutbeyaz et al33 Acute/sub-acute stages
N � 45 (24 men)
Age (y) � 62 (7)

Experimental group I: Inspiratory muscle training, with
a load of 40% of PImax (adjusted 5–10% every week
until 60% of maximal strength) (30 min � 6/wk �
6 wk � conventional stroke rehabilitation program
or 5/wk � 6 wk)

Experimental group II: Breathing exercises (30 min �
7/wk � 6wk � conventional stroke rehabilitation
program or 5/wk � 6 wk)

Control group: Conventional stroke rehabilitation
program (5/wk � 6 wk)

Pulmonary function (spirometric variables):
FVC (L), FEV1 (L), VC (L), PEF (L/s),
MVV (L/min), FEF25–75% (%L)

Strength: PImax (cm H2O)
Dyspnea: Borg Scale (6–20)
Heart rate: beats/min
Oxygen consumption: peak oxygen

consumption (mL/kg/min)
Oxygen saturation: oximeter (%)
Ventilação: minute ventilation (L/min)
Functional capacity: electronically braked

arm crank ergometer (W)
Activity: Barthel Index (score 0–100)
Participation: Medical Outcomes Study Short

Form 36 (score 0–100)
Addition of electrical

stimulation
Guillén-Solà et al14 Acute/sub-acute stages

N � 62 (38 men)
Age (y) � 69 (9)

Experimental group I: Respiratory muscle training,
with a load of 30% of PImax and PEmax (adjusted by
10 cm H2O/wk) (100 repetitions � 5/wk � 3 wk �
standard swallow therapy or 3 hr � 5/wk � 3 wk)

Experimental group II: Sham respiratory muscle
training, with a fixed load of 10 cm H2O/wk (100
repetitions � 5/wk � 3 wk � neuromuscular
electrical stimulation in swallow muscles or
40 min � 5/wk � 3 wk � standard swallow therapy
or 3 hr � 5/wk � 3 wk)

Control group: Standard swallow therapy (3 hr � 5/wk
� 3 wk)

Strength: PImax, PEmax (cm H2O)
Dysphagia: Penetration Aspiration Scale

(1–8)
Respiratory complications: Occurrence

(number)

Jung et al38 Chronic stage
N � 18 (11 men)
Age (y) � 55

Experimental group: Inspiratory muscle training, with
a fixed load of 30% of PImax, while stimulation was
applied to the abdominal region on the expiration
moment (20 min � 3/wk � 4 wk)

Control group: Inspiratory muscle training, with a
fixed load of 30% of PImax (20 min � 3/wk �
4 wk)

Pulmonary function (spirometric variables):
FVC, FEV1, PEF, and FEF25–75% (all
measures were reported as % predicted)

Thickness � Diaphragm by ultrasonography
(not reported)

10MWT � 10-min walk test
6MWT � 6-min walk test
PImax � maximum inspiratory pressure
PEmax � maximum expiratory pressure
PEF � peak expiratory flow
MVV � maximum voluntary ventilation
FEF25–75% � forced expiratory flow between 25% and 75% of vital capacity
VC � vital capacity
VT � tidal volume
ERV � expiratory reserve volume
IRV � inspiratory reserve volume
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Only one trial, with a PEDro score of 7, examined the
effects of breathing exercises on muscle strength after stroke
(eg, maximum inspiratory pressure [PImax], maximum ex-
piratory pressure [PEmax]).33 The mean differences between
the groups were 4 cm H2O (95% CI 1–7) and 2 cm H2O
(95% CI 1–4) for PImax and PEmax, respectively, in favor of
the experimental group.

The effects of breathing exercises on FVC were exam-
ined by pooling the data from 3 trials, with a mean PEDro
score of 5.3 representing moderate quality (n � 98 par-
ticipants).16,26,33 Breathing exercises did not significantly
change FVC (MD 0.28 L, 95% CI �0.04 to 0.60, I2 � 54%)
compared with no intervention (for the detailed forest plot,
see the supplementary materials at http://www.rcjournal.
com). One trial, which had a PEDro score of 5, examined the
effects on FVC of breathing exercises associated with respi-
ratory muscle training compared to respiratory muscle train-
ing alone.30 Results were reported as percentages of the pre-
dicted values, and the mean difference between the groups
was 4% (95% CI 3–6) in favor of the association of breathing
exercises and respiratory muscle training.

The effects of breathing exercises on FEV1 were exam-
ined by pooling the data from 3 trials, with a mean PEDro
score of 5.3 representing moderate quality (n � 98 par-
ticipants).16,26,33 Breathing exercises did not significantly
change FEV1 (MD �0.01 L, 95% CI �0.30 to 0.28,
I2 � 50%) compared with no intervention (for the detailed
forest plot, see the supplementary materials at http://
www.rcjournal.com). One trial, which had a PEDro score
of 5, examined the effects on FEV1of breathing exercises

associated with respiratory muscle training compared to
respiratory muscle training alone.30 Results were reported
as percentages of the predicted values, and the mean dif-
ference between the groups was 10% (95% CI 8–11) in
favor of the association of breathing exercises and respi-
ratory muscle training.

The effects of breathing exercises on PEF were exam-
ined by pooling the data from 2 trials, with a mean PEDro
score of 5.5 representing moderate quality (n � 60 par-
ticipants).16,33 Breathing exercises did not significantly
change PEF (MD 0.21 L/s, 95% CI �0.38 to 0.80, I2 � 0%)
compared to no intervention (for the detailed forest plot,
see the supplementary materials at http://www.rcjournal.
com). Two trials did not measure PEF.26,30

Only 1 trial, which had a PEDro score of 7, examined
the effects of breathing exercises on dyspnea after stroke.33

The mean between-group difference on the Borg scale was
0.1 (range 6–20, 95% CI �1 to 1).

Only one trial, which had a PEDro score of 7, examined
the effects of breathing exercises on activity.33 The mean
difference between the groups was not calculated due to
insufficient data, but the authors reported significantly im-
provement in the Barthel Index in favor of breathing ex-
ercises.

Postural Exercises. The effects of postural exercises on
respiratory function compared to no intervention were ex-
amined in 1 trial, which had a PEDro score of 5.32 The
results indicated that postural exercises improved FVC
(MD 1.2 L, 95% CI 0.6–1.8), FEV1 (MD 1.3 L, 95% CI

Table 2. PEDro Criteria and Scores of the Included Randomized Controlled Trials

Study Random
Allocation

Concealed
Allocation

Groups
Similar at
Baseline

Participant
Blinding

Therapist
Blinding

Assessor
Blinding

� 15%
Dropouts

Intention-to-
Treat

Analysis

Between-Group
Difference
Reported

Point
Estimate and
Variability
Reported

Total
(0 to 10)

Bang and Son37 Y Y Y N N N Y N Y Y 6
Britto et al36 Y Y Y N N Y Y N Y Y 7
Chen et al25 Y N Y N N Y N N Y Y 5
Guillén-Solà et al14 Y N Y N N Y N Y Y Y 6
Joo et al26 Y N Y N N N Y N Y Y 5
Jung and Bang39 Y Y Y N N N Y N Y Y 6
Jung and Kim27 Y N Y N N Y Y N Y Y 6
Jung et al38 Y N Y N N N Y N Y Y 5
Kim et al28 Y N Y N N Y N N Y Y 5
Kim et al29 Y N Y N N N N N Y Y 4
Kim et al30 Y N Y N N N Y N Y Y 5
Kulnik et al35 Y Y Y N N Y N Y Y Y 7
Messaggi-Sartor et al34 Y Y Y N N Y Y Y Y Y 8
Oh et al31 Y N Y N N N Y N Y Y 5
Oh and Park32 Y N Y N N N Y N Y Y 5
Seo et al16 Y N Y N N N N N Y Y 4
Sutbeyaz et al33 Y Y Y N N Y Y N Y Y 7

PEDro � Physiotherapy Evidence Database (www.pedro.org.au)
Y � yes; N � no
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0.8–1.8), and PEF (MD 1.4 L, 95% CI 0.6–2.2). The
remaining outcomes of interest (ie, PImax, PEmax, dyspnea,
and activity) were not examined.

Respiratory Muscle Training. The effects of respiratory
muscle training on respiratory function were examined in
11 trials, which had a mean PEDro score of 6.14,25,27-31,33-36

Bang and Son 2016

Britto et al 2011

Chen et al 2016

Guillén-Sòla et al 2016

Joo et al 2015

Jung and Bang 2017

Jung and Kim 2013

Jung et al 2014

Kim et al 2011

Kim et al 2014

Kim et al 2015

Kulnik et al 2015

Messagi-Sartor et al 2015

Oh and Park 2016

Oh et al 2016

Seo et al 2013

Sutbeyaz et al 2010
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Fig. 2. Risk of bias summary and risk of bias graph: review authors’ judgments about each risk of bias item for each included study.
Presented as percentages across all included studies.
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The control group received no intervention14,25,27-31,33 or sham
intervention.34-36 Detailed results were provided regarding the
outcomes of interest.

The effects of inspiratory muscle training on strength of
the inspiratory muscles (PImax) were examined by pooling
the data from 6 trials, with a mean PEDro score of 6.7
representing moderate quality (n � 229 partici-
pants).14,25,33-36 Overall, inspiratory muscle training in-
creased PImax by 11 cm H2O (95% CI 7–15, I2 � 0%)
compared to no intervention or sham intervention. Four
trials delivered both inspiratory and expiratory muscle train-
ing (MD 11 cm H2O, 95% CI 7–15, I2 � 0%), and 2 trials
delivered only inspiratory muscle training (MD 12 cm H2O,
95% CI 2–22, I2 � 27%) (Fig. 3; for the detailed forest
plot, see the supplementary materials at http://www.
rcjournal.com). Five trials did not measure PImax.27-31

The effects of expiratory muscle training on expiratory
muscle strength (PEmax) were examined by pooling the
data from 3 trials14,34,35 (n � 160 participants), with a
mean PEDro score of 7.0, representing moderate quality.
Overall, expiratory muscle training increased PEmax by
8 cm H2O (95% CI 2 to 15; I2 � 65%); compared to
nothing/sham intervention. Two trials delivered both
expiratory and inspiratory muscle training (MD: 15 cm
H2O, 95% CI 6 to 24; I2 � 0%), and one trial delivered
only expiratory muscle training (MD: 0 cm H2O,
95% CI �10 to 10). (Fig. 4; for the detailed forest plot,
see the supplementary materials at http://www.rcjournal.
com). Six trials27-31,36 did not measure PEmax.

The effects of respiratory muscle training (ie, inspira-
tory and/or expiratory muscle training) on FVC were ex-
amined by pooling the data from 6 trials, with a mean
PEDro score of 5.5 representing moderate quality (n � 150
participants).25,27-29,31,33 Overall, respiratory muscle train-
ing increased FVC by 0.25 L (95% CI 0.12–0.37, I2 � 29%),
compared to no intervention/sham intervention. One trial
delivered both inspiratory and expiratory muscle training

(MD 0.45 L, 95% CI 0.03–0.87), and 5 trials delivered
only inspiratory muscle training (MD 0.23 L, 95% CI
0.09–0.36, I2 � 33%) (Fig. 5; for the detailed forest plot,
see the supplementary materials at http://www.rcjournal.
com). One trial, which had a PEDro score of 5, examined the
effects on FVC of respiratory muscle training versus no in-
tervention.30 Results were reported as percentages of the pre-
dicted values, and the mean difference between the groups
was 10% (95% CI 8 –11) in favor of respiratory muscle
training. Four trials did not measure FVC.14,34-36

The effects of respiratory muscle training on FEV1 were
examined by pooling the data from 6 trials, with a mean
PEDro score of 5.5 representing moderate quality (n � 150
participants).25,27-29,31,33 Overall, respiratory muscle train-
ing increased FEV1 by 0.24 L (95% CI 0.17–0.30, I2 � 0%)
compared to no intervention/sham intervention. One trial
delivered both inspiratory and expiratory muscle training
(MD 0.36 L, 95% CI �0.02 to 0.74), and 5 trials delivered
only inspiratory muscle training (MD 0.23 L, 95% CI
0.17–0.30, I2 � 1%) (Fig. 6; for the detailed forest plot,
see the supplementary materials at http://www.rcjournal.
com). One trial, which had a PEDro score of 5, examined the
effects of respiratory muscle training versus no intervention

Guillén-Solà et al 2016

Messagi-Sartor et al 2015

Both respiratory muscle training

Inspiratory muscle training

Britto et al 2011

Chen et al 2016

Kulnik et al 2015

Sutbeyaz et al 2010

Pooled

Favors control Favors experimental
−50 50−25 250

Fig. 3. Mean difference (95% CI) of the effects of respiratory mus-
cle training vs nothing/sham respiratory intervention on strength of
the inspiratory muscles, in cm H2O (n � 229).

Guillén-Solà et al 2016

Messagi-Sartor et al 2015

Both respiratory muscle training

Expiratory muscle training

Kulnik et al 2015

Pooled

Favors control Favors experimental
−50 50−25 250

Fig. 4. Mean difference (95% CI) of the effects of respiratory mus-
cle training vs nothing/sham respiratory intervention on strength of
the expiratory muscles, in cm H2O (n � 160).

Kim et al 2011

Both respiratory muscle training

Inspiratory muscle training

Chen et al 2016

Jung and Kim 2013

Kim et al 2014

Oh et al 2016

Sutbeyaz et al 2010

Pooled

Favors control Favors experimental
−2 2−1 10

Fig. 5. Mean difference (95% CI) of the effect of respiratory muscle
training vs nothing/sham respiratory intervention on forced vital
capacity, in L (n � 150).
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on FEV1.30 Results were reported as percentages of the pre-
dicted values, and the mean difference between the groups
was 4% (95% CI �1 to 9) in favor of respiratory muscle
training. Four trials did not measure FEV1.14,34-36

The effects of respiratory muscle training on PEF
were examined by pooling the data from 5 trials, with a
mean PEDro score of 5.6 representing moderate quality
(n � 129 participants).27-29,31,33 Overall, respiratory mus-
cle training increased PEF by 0.51 L/s (95% CI 0.10 –
0.92, I2 � 0%) compared to no intervention/sham in-
tervention. One trial delivered both inspiratory and
expiratory muscle training (MD 0.55 L/s, 95% CI �0.17
to 1.27), and 4 trials delivered only inspiratory muscle
training (0.49 L/s, 95% CI �0.01 to 0.99, I2 � 0%)
(Fig. 7; for the detailed forest plot, see the supplemen-
tary materials at http://www.rcjournal.com). Six trials
did not measure PEF.14,25,30,34-36

The effects of respiratory muscle training on dyspnea
were examined by pooling the data from 2 trials, with a
mean PEDro score of 5.5 representing moderate quality
(n � 50 participants).29,33 Overall, respiratory muscle train-
ing reduced dyspnea (SMD �1.6 points, 95% CI �2.2
to �0.9, I2 � 0%) compared to no intervention/sham in-

tervention (for the detailed forest plot, see the supplemen-
tary materials at http://www.rcjournal.com). Nine trials did
not measure dyspnea.14,25,27,28,30,31,34-36

The effects of respiratory muscle training on activity
were examined by pooling the data from 3 trials, with a
mean PEDro score of 5.5 representing moderate quality
(n � 59 participants).25,29,36 Overall, respiratory muscle
training improved activity (SMD 0.78, 95% CI 0.22–1.35,
I2 � 0%) compared to no intervention/sham intervention
(for the detailed forest plot, see the supplementary mate-
rials at http://www.rcjournal.com). One trial, which had a
PEDro score of 7, examined the effects inspiratory muscle
training on activity, finding significant improvements in
the Barthel Index in favor of the experimental group.33

However, the mean difference between the groups could
not be calculated due to insufficient data. Seven trials did
not measure activity.14,27,28,30,31,34,35

The effects of the addition of electrical stimulation on
respiratory function were examined in 2 trials.14,38 The
first, which had a PEDro score of 6, compared electrical
stimulation plus sham respiratory muscle training versus
no intervention on PImax and PEmax.14 The mean differ-
ences between the groups were 12 cm H2O (95% CI 3–20)
and 13 cm H2O (95% CI 0.4–25) for PImax and PEmax,
respectively, in favor of the experimental group. The sec-
ond trial, which had a PEDro score of 5, compared elec-
trical stimulation plus inspiratory muscle training versus
inspiratory muscle training alone on FVC, FEV1, and PEF.38

The results were reported as percentages of the predicted
values, and the mean differences between the groups were
6% (95% CI �8 to 20) for FVC, 15% (95% CI �2 to 31)
for FEV1, and 24% (95% CI 4–43) for PEF, in favor of
the experimental group. None of the trials examined the
effects of electrical stimulation on dyspnea or activity.

Discussion

This review aimed to investigate all current interven-
tions that have been applied to improve respiratory func-
tion and carryover effects to activity after stroke. Among
the 17 included trials, the effects of 5 interventions on the
following outcomes were investigated: strength of the in-
spiratory and expiratory muscles (ie, PImax and PEmax),
FVC, FEV1, PEF, dyspnea, and activity. Meta-analyses
were performed for the effects of breathing exercises only
on FVC, FEV1, and PEF, while for respiratory muscle
training, meta-analyses were performed for all outcomes
of interest. For the remaining interventions (ie, aerobic
exercises, postural exercises, and the addition of electrical
stimulation), meta-analysis was not possible.

Intensive aerobic exercises, compared with self-se-
lected ones, were effective in improving FVC, FEV1,
walking speed, and walking capacity.37 However, self-
selected aerobic exercises, when compared with inspira-

Kim et al 2011

Both respiratory muscle training

Inspiratory muscle training

Chen et al 2016

Jung and Kim 2013

Kim et al 2014

Oh et al 2016

Sutbeyaz et al 2010

Pooled

Favors control Favors experimental
−2 2−1 10

Fig. 6. Mean difference (95% CI) of the effect of respiratory muscle
training vs nothing/sham respiratory intervention on FEV1, in L (n �
150).

Kim et al 2011

Both respiratory muscle training
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Jung and Kim 2013

Kim et al 2014

Oh et al 2016

Sutbeyaz et al 2010

Pooled

Favors control Favors experimental
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Fig. 7. Mean difference (95% CI) of the effect of respiratory muscle
training vs nothing/sham respiratory intervention on peak expira-
tory flow, in L/s (n � 129).
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tory muscle training, improved walking capacity but
were worse for FVC and FEV1, and there was no dif-
ference between the groups for walking speed.39 These
results indicated that the effects of self-selected aerobic
exercises on respiratory function were inferior to those
related to intensive aerobic exercises or inspiratory mus-
cle training. These findings were expected to some ex-
tent, because while low-intensity continuous training
improves cardiorespiratory fitness and reduces lung func-
tion declines, individuals interested in enhanced out-
comes should regularly perform larger volumes of train-
ing at higher intensities.40,41 Furthermore, inspiratory
muscle training is a specific intervention, with proven
efficacy on measures of lung volumes and flows.19 Thus,
although the results are promising regarding the effects
of intensive aerobic exercises and inspiratory muscle
training, they were based only on 2 studies of moderate
methodological quality. Thus, further studies are nec-
essary to allow a meta-analysis to confirm these find-
ings.

Regarding the effects of breathing exercises on respi-
ratory function and activity after stroke, the meta-anal-
ysis results also demonstrated no significant improve-
ments in any of the lung function measures. These results
indicated that breathing exercises, compared to no in-
tervention, did not appear to be effective in improving
FVC, FEV1, and PEF. Our results were different from
the results of a previous systematic review that inves-
tigated the quality of the evidence in systematic reviews
and analyzed the effects of breathing exercises in indi-
viduals with COPD.42 Although 1 high-quality system-
atic review reported significant positive effects on
breathlessness, the results were based on pooled data of
only 2 randomized clinical trials.42 Thus, the authors
concluded that before high-quality systematic reviews
can be written and conclusions drawn, more studies are
necessary.42 Similarly, this review does not provide con-
clusive evidence to support or refute the effects of breath-
ing exercises on respiratory function after stroke. Thus,
future trials with high-quality designs and data report-
ing are necessary.

Only 1 study investigated the effects of postural ex-
ercises (lumbar stabilization) on respiratory function af-
ter stroke compared to no intervention, and the results
demonstrated that postural exercises improved FVC,
FEV1, and PEF.32 Postural changes are known to have a
possible effect on respiratory function due to decreased
chest wall movements and reduced lung compliance.43

Because the lungs are positioned inside the rib cage,
normal or optimal thoracic spine, rib, and scapular po-
sitioning are needed for normal breathing and full lung
capacity.13 A recent study that investigated the effects
of specific motor control exercises of the lumbar-pelvic
musculature on respiratory function in 20 obese men

reported significant improvement in respiratory func-
tion, concluding that positive respiratory effects can be
obtained by prescribing these exercises.44 However, sim-
ilar to the results related to aerobic exercises, these
results were based on only a single study of moderate
methodological quality, so further studies to investigate
the effects of postural exercises on respiratory function
are required. Furthermore, the remaining outcomes of
interest (ie, PImax, PEmax, dyspnea, and activity) were
not examined.

The effects of respiratory muscle training on respira-
tory function and activity after stroke were investigated
in 11 trials, and meta-analyses were performed for all
outcomes of interest.14,25,27-31,33-36 The results of this
systematic review provided evidence that respiratory
muscle training is effective in improving respiratory
function and activity after stroke. During this interven-
tion, individuals were asked to perform repetitive breath-
ing exercises against an external load, using a flow-
dependent resistance or a pressure threshold.20,45 Because
respiratory muscles respond to training stimuli by un-
dergoing adaptations to their structure in the same man-
ner as any other skeletal muscles, their fibers must be
overloaded.6 Furthermore, weakness of the respiratory
muscles is associated with restrictive ventilatory pat-
terns and reduced lung volumes and flows.46 Thus,
strengthening of the respiratory muscles has the poten-
tial to improve lung function, as demonstrated by the
meta-analysis results. In addition, abnormal respiratory
function may lead to dyspnea in conditions of high ef-
fort demands as well as under low effort demands, which
may interfere with the performance of daily activi-
ties.2,3,6,36 These results are important for the area of
stroke rehabilitation, because reduced dyspnea and in-
creased walking capacity have the potential to improve
physical activity levels and community participation af-
ter stroke.47 Corroborating with these results, 2 previous
systematic reviews investigated the effects of respira-
tory muscle training after stroke and reported signifi-
cant improvements in inspiratory and expiratory
strength,6,19 lung function,19 and exercise tolerance,19 as
well as decreased respiratory complications.6 On aver-
age, 30 min of respiratory strength training performed
5 times per week for 5 weeks can be expected to im-
prove respiratory function in individuals after stroke.6

However, it is important to note that, whereas the re-
sults for dyspnea and activity were significant, more
studies are needed to investigate the effects of the train-
ing on these variables because the meta-analyses were
based on only 2 and 3 trials, respectively, which were
all of moderate methodological quality.

Finally, the effects of the addition of electrical stim-
ulation to respiratory muscle training, compared to no
intervention, on respiratory function were examined in
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2 trials.14,38 Although the first study found significant
results for improved respiratory muscle strength in the
experimental group provided with electrical stimulation
plus sham respiratory muscle training, the control group
received no intervention.14 This limits conclusions re-
garding the efficacy of electrical stimulation associated
with respiratory muscle training. One could argue that,
because a sham training was applied, the gains could be
attributed to the effects of electrical stimulation. How-
ever, the sham training was delivered at a fixed load of
10 cm H2O, which could have the potential to improve
respiratory function. On the other hand, the second trial
applied electrical stimulation plus inspiratory muscle
training, compared to the standard inspiratory muscle
training without additional intervention, but the results
were not significant for any of the lung function mea-
sures except PEF.38 In contrast with these results, a
recent systematic review based on data from 14 trials
investigated the evidence surrounding the use of ab-
dominal electrical stimulation on respiratory function
after spinal cord injury.48 Although functional electrical
stimulation was effective in improving respiratory func-
tion, the authors emphasized that further randomized,
controlled trials, with larger samples and standardized proto-
cols, were needed to fully establish the clinical efficacy of
this interventions. Thus, the present results, which are based
on only 2 trials of moderate methodological quality, cannot
affirm the effects of electrical stimulation on respiratory func-
tion after stroke. Furthermore, none of the trials examined its
effects on dyspnea or measures of activity.

This review has both strengths and limitations. This
is the first review to investigate all current interventions
that have been utilized to improve respiratory function
and activity after stroke. In addition, the majority of the
outcome measures were reported in similar units (eg,
maximum respiratory pressures in cm H2O, FVC and
FEV1 in L, and PEF in L/s. This is unusual in rehabil-
itation studies. Furthermore, publication bias inherent
to systematic reviews was avoided by including only
randomized clinical trials published in a variety of lan-
guages, not just in English. Finally, all of the studies
included in this review are recent publications (2010 –
2017), which increases the quality of the results because
respiratory muscle training is a relatively new interven-
tion for this population. However, the mean PEDro score
of the 17 included trials was 5.7, which is considered to
be moderate. However, it is important to note that, be-
cause it is not usually possible to blind therapists or
participants on such complex interventions, the maxi-
mum score to be reached would be 8. Other sources of
bias were lack of reporting whether an intention-to-treat
analysis was undertaken and the absence of concealed
allocation and blinding of the assessors by the majority
of the trials. Additionally, the number of participants

per group (range 6 –39) was quite low, opening the re-
sults to small-trial bias. Heterogeneity was also high in
3 of the performed meta-analyses (� 50%).

Conclusion

This systematic review reported 5 possible interventions
intended to improve respiratory function after stroke. How-
ever, there is no evidence on the efficacy of aerobic, breath-
ing, and postural exercises, or of the addition of electrical
stimulation. Conversely, respiratory muscle training had
significant evidence supporting its use in current clinical
practice, with proven effects on strength of the inspiratory
and expiratory muscles (PImax, PEmax), lung function (FVC,
FEV1, PEF), dyspnea, and activity. Thus, although we
found several interventions that may potentially improve
respiratory function after stroke, further randomized, con-
trolled trials with larger sample sizes and standardized
protocols are needed to full establish clinical efficacy.
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