
Systematic Review of Inspiratory Muscle Training After
Cerebrovascular Accident

Rocío Martín-Valero PhD, Maria De La Casa Almeida PhD, Maria Jesus Casuso-Holgado PhD,
and Alfonso Heredia-Madrazo MSc

Introduction
Methods

Database Search
Inclusion and Exclusion Criteria
Evaluation of Methodological Quality

Results
Discussion

Evidence of Respiratory Muscle Training With a Threshold Valve in
Subjects After Stroke

Practical Implications of the Incentive Spirometer for Ventilatory
Re-Education

Threshold Devices to Train Respiratory Muscles

This systematic review examines levels of evidence and recommendation grades of various therapeutic
interventions of inspiratory muscle training in people who have had a stroke. Benefits from different
levels of force and resistance in respiratory muscles are shown in this population. This review was
conducted following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses) directives and was completed in November 2014. The search limits were studies published in
English between 2004 and 2014. Relevant studies were searched for in MEDLINE, PEDro, OAIster,
Scopus, PsycINFO, Web of Knowledge, CINAHL, SPORTDiscus, DOAJ, Cochrane, Embase, Academic
Search Complete, Fuente Académica, and MedicLatina. Initially, 20 articles were identified. After
analyzing all primary documents, 14 studies were excluded. Only 6 studies were relevant to this review.
Three different types of interventions were found (maximum inspiratory training, controlled training,
and nonintervention) in 3 different groups. One specific study compared 3 inspiratory muscle training
groups with a group of breathing exercises (diaphragmatic exercises with pursed lips) and a control
group. Future long-term studies with larger sample sizes are needed. It is necessary to apply respiratory
muscle training as a service of the national health system and to consider its inclusion in the conventional
neurological program. Key words: stroke; inspiratory muscle training; threshold valve; pulmonary function;
physical therapy; systematic review. [Respir Care 2015;60(11):1652–•. © 2015 Daedalus Enterprises]

Introduction

People who have had a cerebrovascular accident have a
greater risk of associated pneumonias, which involve in-

creased morbidity and mortality and a high consumption
of drugs.1,2 Cerebrovascular diseases or stroke is the third
most frequent cause of death in developed countries, only
after heart disease and cancer.3 It has been observed that
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subjects who have had a cerebrovascular accident have
weak respiratory muscles.4 Patients after stroke show a
restrictive pattern, with significant reduction in the maxi-
mum voluntary ventilation and maximum respiratory pres-
sures coupled with an altered dynamic costal and dia-
phragmatic movement. Currently, nonpharmacologic
treatment and therapeutic exercise training are necessary
to prevent stroke-associated pneumonia to improve the
effectiveness of a cough.5

Three-quarters of strokes affect patients over 65 y of
age because of the aging population in the area.3 Strokes
are also the most significant permanent disability in Eu-
rope; therefore, strokes create a cumbersome economic
load for families and the community.

There is evidence of the benefits of peripheral muscle
training in subjects after stroke.6 However, there is little
literature on respiratory muscle training in this population.
Only a systematic review on respiratory muscle training in
neurological subjects exists.7 No large-scale studies have
been conducted using threshold pressure devices during
breathing exercises in subjects after stroke. Several studies
showed consistent results according to the use of inspira-
tory exercises with threshold devices to improve the strength
of respiratory muscles; however, these studies had small
sample sizes.8,9

A 4-week study combined inspiratory exercises and ex-
piration with pursed lips, which significantly improved
Tiffeneau index (FEV1/VC), total volume, and inspiratory
capacity.10 Undoubtedly, subjects seated with the spine at
90° had better mobility in the thoracic cage, which signif-
icantly favored better maximum inspiration with respect to
the supine position.11 Furthermore, it was observed that
the therapeutic inspiratory muscle training intervention had
functional effects on the recovery of subjects after stroke.4

There are studies that support inspiratory muscle training
interventions5,8-10,12; however, more studies are needed to
determine whether patients who have had a cerebrovascu-
lar accident can improve respiratory muscle strength and
endurance to improve their quality of life.

The main aim of this review was to detect the level of
evidence and grade of recommendation according to the
inspiratory muscle training interventions of subjects after
stroke. Therefore, it is necessary to develop the most ap-
propriate protocol to improve respiratory muscle weakness
and pulmonary function according to the aims of the
respiratory therapist and physiotherapists.

Methods

Database Search

This review was performed following the guidelines
of PRISMA (Preferred Reporting Items for Systematic

Reviews and Meta-Analyses; www.prisma-statement.
org/statement.htm, Accessed July 28, 2015),13 The initial
search was carried out in January and February 2014 and
was completed with a new search to update the review in
November 2014. The literature searches were performed
to identify all possible studies that could help answer the
research question. MEDLINE, PEDro, OAIster, Scopus,
PsycINFO, Web of Knowledge, CINAHL, SPORTDiscus,
DOAJ, Cochrane, Embase, Academic Search Complete,
Fuente Académica, and MedicLatina were searched. In
addition, the search was performed in a relevant biblio-
graphic database. Twenty articles were identified in this
systematic review. All reference lists of the revised articles
were reviewed. Abstracts published in conferences and
congresses were also considered.

Two reviewers performed several searches in the data-
bases. The following combinations of key words were
used: stroke, cerebrovascular accident, threshold valve, re-
spiratory muscle training, respiratory exercises, and thresh-
old training of inspiratory muscles. The limits of searches
were studies published in English between 2004 and 2014.

Inclusion and Exclusion Criteria

Inclusion criteria were considered using the PICO (pop-
ulation, intervention, control/comparison, and outcome
variables) model. First, subjects who were included had
experienced a moderate or severe stroke according to the
National Institutes of Health Stroke Scale with a score of
5–25 at the time of admission.14 Second, the intervention
included inspiratory exercises of different intensities and
duration through resistance, which was controlled by a
threshold valve adapted to the needs and changes of peo-
ple after stroke as soon as subjects progressed through the
study. Third, different types of studies were included: 2
randomized trials, 3 cross-sectional studies, and a pilot
study. Furthermore, 3 different types of interventions were
included (maximum inspiratory training, controlled inter-
vention, and nonintervention)8 in 3 different groups. One
group (control group) carried out a neurological rehabili-
tation program (NRP) simultaneously with respiratory mus-
cle training at a constant load of 10%, the second group
carried out a NRP program and expiratory muscle training
with resistance at 50%, and the last group carried out a
NRP and inspiratory muscle training with resistance at
50%.5 There also was a study with 3 groups that compared
inspiratory muscle training with a group of breathing ex-
ercises combined with diaphragmatic exercises with pursed
lips and a control group.9

Finally, the outcome measures included functional max-
imum inspiratory pressure (PImax

),8 maximum expiratory
pressure (PEmax

), respiratory muscle strength, FVC,5 in-
spiratory capacity, and forced expiratory peak.5,9 Other
functional outcome measures, such as Nottingham Health
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Profile and a self-report questionnaire measuring the level
of maximum physical activity,8 were also included.

Studies were excluded if subjects had cognitive diffi-
culties or an intracranial pressure increase.5 In addition,
studies were also excluded if the respiratory intervention
focused on drainage techniques or aerobic training of pe-
ripheral muscles without respiratory muscle training with
thresholds valves or only on ventilatory exercises with an
incentive spirometer. Six studies were examined after sub-
sequent selection based on the title and abstract. The ex-
cluded studies are listed in Appendix 1 (see the supple-
mentary materials at http://www.rcjournal.com).

Evaluation of Methodological Quality

Twenty relevant articles were found in the main data-
bases. Six original studies were examined after subsequent
selection based on the title and abstract. After analyzing all
primary documents, 6 studies were relevant to this review:
2 randomized controlled clinical trials, 3 cross-sectional
studies, and a pilot study. Fourteen articles were excluded
because they did not reference inspiratory training with
threshold valves in subjects with stroke.

The methodological quality of the 6 studies was evalu-
ated using the PEDro scale.15-17 Two independent review-
ers (RM-V and MJC-H) completed the checklist based on
the PEDro scale. This scale (0–10) is based on a list de-
veloped by Verhagen et al.18 The internal validity of the
randomized controlled trials was evaluated. A study with
a PEDro score of �6 is considered to have a level 1 of
evidence (6–8 � good, 9–10 � excellent) and a study
with a score of �5 is considered to have a level 2 of
evidence (4–5 � acceptable, �4 � poor).17

Studies included in this review had PEDro scores of
3–8, as shown in Table 1. Studies were considered of high
enough methodological quality if they had a score of at

least 5. This was based on the fact that studies with a score
closer to 4 did not employ a triple-blind methodology
(subject, evaluator, and treatment provider). Applying this
evaluation, 2 randomized controlled trials were found
to have scores of 7 and 8, respectively; the pilot study
had a score of 4; and the 3 cross-sectional studies each
scored a 3. The grades of recommendation are listed in
Table 2.

Results

The main findings of this review are presented in Table
1, an evaluation of the methodological quality of the stud-
ies selected according to the PEDro scale. Table 2 shows
the articles reviewed regarding the effectiveness of in-
spiratory training in subjects after stroke. Three articles
were found that included information about spirom-
eters.10,12,22 In these articles, respiratory muscle training,
performed using threshold pressure load in inspiratory mus-
cles, was included.23 A meta-analysis of the data from the
randomized clinical trials was included in this review and
is presented in Figure 1.

Discussion

This systematic review summarizes the levels of evi-
dence and recommendation grades of different therapeutic
respiratory muscle training interventions in subjects after
stroke. It has been observed that respiratory muscle train-
ing can improve respiratory muscle strength (PImax

) and
inspiratory muscle endurance (IME) in this population.
These findings support the benefits found in subjects with
multiple sclerosis24 and COPD.25 In addition, 3 cross-sec-
tional studies were found19-21 recommending the inclusion
of respiratory muscle training in the PR program for sub-
jects after stroke.

Table 1. Evaluation of Methodological Quality of the 6 Selected Studies

Section/Theme Britto et al8 Sutbeyaz et al9 Kulnik et al5 Polese et al19 Silva et al20 Pinheiro et al21

Eligibility criteria Yes Yes Yes Yes Yes Yes
Randomization Yes Yes Yes No No No
Allocation concealed Yes Yes Yes No No No
Baseline comparability Yes Yes No No No No
Subject blinding Yes No No No No No
Therapist blinding Yes No No No No No
Evaluator blinding No No No No No No
Appropriate continuation No No No No No No
Intention to treat No Yes No No No No
Comparison between groups Yes Yes Yes Yes Yes Yes
Specific measurements and variability Yes Yes No Yes Yes Yes
Total 8 7 4 3 3 3

The eligibility criteria do not contribute to the total score.
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Table 2. Revised Articles About the Effectiveness of Inspiratory Training in Subjects After Stroke

Reference

PEDro (n), Type of
Evidence,

Recommendation
Grade

Main Intervention
Clinical Outcome

Measures
Self-Reported Outcome Measures

Britto et al8 PEDro 8/10 (N � 21),
RCT, A

8-wk home treatment, threshold resistance
device supplemented with cycle
ergonomic training 5 times/wk, 6 sets
(5 min/set), 1 min between sets, 30 min/
d

PImax
(P � .004) Brazilian quality-of-life questionnaire

and Nottingham Health Profile
(P � .10)

Control group: training without resistance Inspiratory
muscle
endurance
(P � .02)

Scores for maximum level of
physical activity of 76 and 79 for
experimental and control groups
(not significant)

Group 1, inspiratory muscle training at
30% PImax

FEV1 (P � .050)
FVC (P � .78)

Sutbeyaz et al9 PEDro 7/10 (N � 45),
RCT, A

6-wk neurological rehabilitation program
supplemented with threshold resistance,
6 times/wk, 6 sets (5 min/set), 2 times/
d (15-min/session), 30 min/d, 1 min
break between session

PImax
(P � .001) Brunnstrom stages: upper extremity

(P � .69) and lower extremity
(P � .22)

Control group: neurological rehabilitation
program � diaphragmatic exercises
with pursed lips

PEmax
(P � .001) Functionality in ambulation capacity

(P � .48)

Intervention group 1: neurological
rehabilitation program � inspiratory
muscle training at 40% PImax

and
gradual increase from 5–10% session to
60%

PEF (P � .06) Barthel Activities of Daily Living
Index (P � .83)

Intervention group 2: neurological
rehabilitation program � diaphragmatic
exercises with pursed lips

FEV1 (P � .01)
FVC (P � .01)
V̇O2

peak
improved in
intervention
group 1
(P � .01)

Dyspnea
36-Item Medical Outcomes Study

Short Form questionnaire

Kulnik et al5 PEDro: 4/10 (N � 48),
pilot study, C

4-wk neurological rehabilitation program
supplemented with threshold resistance,
3 times/wk, 5 sets (10 breaths/set),
once/d

PImax
Nottingham daily living activities

extended questionnaire

Control group: neurological rehabilitation
program � training 10% PImax

PEmax

Intervention group 1: neurological
rehabilitation program � inspiratory
muscle training at 50% PImax

Peak expiratory
cough flow

Intervention group 2: neurological
rehabilitation program � EMT at 50%
PEmax

FEV1

FVC

Polese et al19 PEDro: 3/10 (N � 98),
cross-sectional study,
C

Comparison of strength and functional
capacity in chronic stroke subjects
according to their physical activity
levels: impaired, moderately active, and
active

PImax
(P � .13) Human Activity Profile: impaired,

�53; moderately active, 53–74; or
active, �74

PEmax
(P � .40)

6MWT
(P � .001)

Silva et al20 PEDro: 3/10 (N � 29),
cross-sectional study,
C

Comparison of respiratory muscle
strength in elderly stroke subjects in
acute and chronic phases

PImax
(P � .57)

PEmax
(P � .64)

INSPIRATORY MUSCLE TRAINING IN SUBJECTS AFTER STROKE

RESPIRATORY CARE • NOVEMBER 2015 VOL 60 NO 11 1655



A study19 compared respiratory muscle strength in
chronic stroke subjects according to their physical activity
levels and did not find statistically significant results re-
garding PImax

and PEmax
outcome measures; however, a 6-min

walk test showed statistically significant results regarding
respiratory function in active subjects. Nevertheless, other
cross-sectional research20 compared respiratory muscle
strength in subjects after chronic and acute stroke and
showed similar weaknesses in respiratory muscles in both
phases. Thus, it was suggested that a program that includes
respiratory muscle training for these individuals could im-
prove rehabilitation after stroke.

Another study compared muscle strength in chronic
stroke subjects according to their gait speed. It showed
statistically significant differences between groups in PImax

,
but statistically significant differences in PEmax

were not
found.21 This study recommended respiratory muscle train-
ing, especially for subjects with lower functional levels.

Evidence of Respiratory Muscle Training With a
Threshold Valve in Subjects After Stroke

Two primary documents gave an A recommendation
grade to respiratory muscle training with a threshold valve
in subjects after stroke; the authors showed functional and
clinically important changes in most outcome measures in
each study.8,9 One study had an evidence grade of C.5

First, in the study by Britto et al,8 subjects performed an
8-week training inspiratory muscle protocol at least 5
d/week for 30 min/d, starting with an intensity of 30% PImax

and increased 2 cm H2O. At the end of the protocol, the
force (PImax

) and IME were significantly improved. Thus,
the effect size increased to 34.4 (P � .05), and IME in-
creased by 17.4 (P � .05). However, results from self-
report questionnaires (Brazilian quality-of-life question-

naire according to the Nottingham Health Profile and the
maximum physical activity questionnaire) did not show
significant changes. The initial characteristics of partici-
pants and questionnaires employed were not sensitive to
changes. Although if specific questionnaires had been used
for patients with stroke symptoms, the results obtained
would have been significant.8

On the other hand, stroke subjects who performed in-
spiratory muscle training found improvements in dyspnea,9

yet the group that carried out ventilatory re-education ex-
ercises improved only in peak expiratory flow. They car-
ried out a program of conventional neurological rehabili-
tation that was supplemented by an inspiratory muscle
training protocol with a threshold valve 6 times/week for
6 weeks with an initial load of 40% until they reached 60%
of the PImax

. Training was performed for 2 sessions/d, with
each session lasting 15 min. After 6 weeks of the training
intervention (which showed improvements in muscular in-
spiratory function associated with an increase in lung vol-
ume and exercise capacity), an improvement in dyspnea
and quality of life was found using the 12-item Medical
Outcomes Study Short Form questionnaire. However, the
group that performed diaphragmatic and respiratory exer-
cises with pursed lips and the control group did not show
improvement.

Only Kulnik et al5 simultaneously incorporated a neu-
rological PR program and expiratory muscle training. In
the design of this research, there were 3 different groups:
a control group, which performed a PR program simulta-
neously with respiratory muscle training at a constant load
of 10%; the second group, which carried out a PR program
and expiratory muscle training with resistance at 50%; and
the final group, which carried out a PR program and in-
spiratory muscle training with resistance at 50%.

Table 2. (Continued)

Reference

PEDro (n), Type of
Evidence,

Recommendation
Grade

Main Intervention
Clinical Outcome

Measures
Self-Reported Outcome Measures

Pinheiro et al21 PEDro: 3/10 (N � 89),
cross-sectional study,
C

Comparison of muscle strength in chronic
stroke subjects according to their gait
speed, subjects divided into community
(gait speed � 0.8 m/s) and non-
community (gait speed � 0.8 m/s)
ambulators

PImax
(P � .04) N/A

PEmax
(P � .25)

FEV1 (P � .75)
FVC (P � .75)
FEV1/FVC

(P � .75)

RCT � randomized controlled trial
PImax � maximum inspiratory pressure
PEmax � maximum expiratory pressure
PEF � peak expiratory flow
V̇O2 � oxygen consumption
6MWT � 6-min walk test
N/A � none
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Practical Implications of the Incentive Spirometer for
Ventilatory Re-Education

Incentive spirometers play a crucial role in preventing
the reduction of mobility of the thoracic cage, and con-

ventionally, spirometers carry out thoracic expansion.22

There are 2 types of spirometers: volume and flow.12 The
incentive volume spirometer provides an increase in tho-
racic expansion and reduces asymmetries of these expan-
sions.12 Thus, spirometers are recommended for patients

Fig. 1. Meta-analysis of data of selected studies on PImax
(A) and PEmax

(B).

Fig. 2. Examples of thresholds valves in respiratory training. A: Threshold IMT. B: POWERbreathe. C: PowerLung. D: ORYGEN DUAL. E:
Respifit S.
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undergoing stroke rehabilitation. Moreover, the incentive
flow spirometer requires more muscle activity in older
people because it needs to move a larger volume of air into
the thoracic cage.22 Therefore, it is necessary to make a
preliminary assessment of patients to consider which kind
of spirometer is better suited to their age and clinical
conditions.

Subjects who performed breathing exercises with spi-
rometers showed a significant increase in peak expiratory
flow.9 In addition, in a recent study, improvements in peak
expiratory flow were found for inspiratory muscle training
with resisted loads.5

In this search, we highlighted 3 studies regarding ven-
tilatory re-education through conventional breathing tech-
niques.8,10,11 In these studies, subjects completed exercises
that improved breathing capacity. These exercises con-
sisted of learning diaphragmatic breathing; for example,
the physiotherapist told the subject to conduct an inspira-
tion to fill the abdomen26 or to use inspiratory exercises
combined with breathing through pursed lips.10 The phys-
iotherapist helped in proprioception work by placing his or
her hand on the subject’s abdomen, which facilitated the
understanding of abdominal breathing. The physiothera-
pist used a proprioceptive signal from the breathing equip-
ment to tell subjects when to exhale slowly.10,11

Threshold Devices to Train Respiratory Muscles

There are 5 types of available devices with respiratory
valves: Threshold IMT (Philips Respironics, Murrysville,
Pennsylvania), POWERbreathe (HaB International,
Southam, Warwickshire, United Kingdom), PowerLung
(PowerLung, Houston, Texas), Respifit S (Biegler, Mau-
erbach, Austria), and ORYGEN DUAL (FORUMED, S.L.,
Catalonia, Spain) (Fig. 2). All articles in this systematic
review used the Threshold IMT device, which uses 30% of
the PImax

to 41 cm H2O (the maximum load that this device
can reach).27 The great dearth of studies in this neurolog-
ical field was a very limiting factor. In fact, only 6 studies
on respiratory muscle training were found. Additional stud-
ies are required to advance and strengthen existing scien-
tific evidence, which was both limited and varied in its
findings. Larger sample sizes are needed to improve re-
spiratory muscle training.

Finally, it is necessary to carry out a protocol of thera-
peutic respiratory muscle training interventions for 8 weeks,
with a frequency of 3 or 6 d/week for one or two sessions.
Each session should consist of 30 min/d or 15 min/set, 2
sets/d, with an intensity of 30–40% of PImax

.

Conclusion

This research has examined levels of evidence and rec-
ommendation grades of various therapeutic interventions

of inspiratory muscle training in people who have suffered
a stroke. It has been observed that respiratory muscle train-
ing can improve strength and endurance of respiratory
muscles in these subjects. At least one 8-week intervention
carried out at a frequency of 3 to 6 days/week is recom-
mended. Each session should last between 15 and 30 min-
utes per set with one or 2 daily sessions per day at an
intensity of 30–40% of maximal inspiratory pressure. It is
necessary to use the suitable spirometer for each person.
The results of this research support physiotherapy respi-
ratory techniques in people who have suffered a stroke.
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