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Abstract
Purpose  To determine the clinical efficacy of different respiratory training interventions on swallowing function in patients 
with swallowing disorders through the systematic review.
Methods  We reviewed the literature regarding the application of respiratory training therapy in patients with swallowing 
disorders, followed by a PRISMA search of published literature in five databases (PubMed, Web of Science, The Cochrane 
Library, CINAHL and EMBASE) in December 2022. Two reviewers performed study selection, quality evaluation, and risk 
of bias, followed by data extraction and detailed analysis.
Results  A total of six randomized controlled studies with a total sample size of 193 cases were included. Respiratory train-
ing improved swallowing safety (PAS (n = 151, SMD = 0.69, 95% CI − 1.11 to − 0.26, I2 = 36, p < 0.001)) and swallowing 
efficiency [residual (n = 63, SMD = 1.67, 95% CI − 2.26 to − 1.09, I2 = 23%, p < 0.001)] compared to control groups. The 
results of the qualitative analysis conducted in this study revealed that respiratory training enhanced hyoid bone movement 
but had no effect on swallowing quality of life.
Conclusions  Respiratory training interventions may improve swallowing safety and efficiency in patients with dysphagia. 
However, the level of evidence is low, and there is a limited amount of research on the effectiveness and physiology of this 
intervention to improve swallowing function. In the future, there is a need to expand clinical studies, standardize measure-
ment tools, and improve study protocols.
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Introduction

Dysphagia is usually defined as an impairment of swallow-
ing safety and/or swallowing efficiency [1]. This symptom 
may occur at all stages of life, and one report estimated 
the prevalence to be about 20% in the general population 
[2]. But due to age-related changes in swallowing physi-
ology and factors such as disease, it is more prevalent in 
adults over 65 years of age and in patients with neurological 

diseases such as stroke, multiple sclerosis and Parkinson’s 
disease [3, 4]. Dysphagia can reduce quality of life and lead 
to a number of serious complications, making it a significant 
source of hospitalization, delayed discharge, and death in 
the elderly population [5–7]. However, limited by length of 
stay and medical conditions, current treatment strategies for 
dysphagia are mainly short-term, and the effectiveness and 
long-term benefits of most traditional strategies have not 
been fully elucidated [8–10]. Therefore, it is important to 
identify a training method that can prolong the benefits of 
treatment and be optimally effective.

Respiration and swallowing require the activation of com-
mon anatomical structures, and respiratory muscle training 
is based on the principle whereby when the fibers of the 
respiratory muscles are overloaded, they respond to training 
stimuli by adapting their structure in the same way as any 
other skeletal muscle [7, 11]. Previous studies have indi-
cated that inspiratory muscle training (IMT) increases mus-
cle strength and improves muscle function, while expiratory 
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muscle strength training (EMST) results in improved the 
movement of the neurologically innervated submental mus-
cle complex [12, 13]. In this type of training, patients are 
asked to perform repetitive breathing with external loads 
using flow-dependent resistance or pressure threshold tools 
[14]. There is compelling and high-quality evidence that res-
piratory training may be an effective non-pharmacological 
treatment for dysphagia [15].

Current research has confirmed the benefits of respira-
tory training on respiratory function [16], and also reduced 
the risk of respiratory complications after stroke [17]. How-
ever, most of the available studies report mixed evidence 
regarding the evaluation of respiratory training on swallow-
ing function, with many studies focusing on the safety of 
swallowing but lacking in improving swallowing efficiency 
and related physiological aspects [18, 19], as well as studies 
evaluating the effects of only one of the training methods 
and lacking relevance to patients with swallowing disorders 
[20, 21]. Therefore, we reviewed the available evidence on 
the effects of multiple respiratory training interventions on 
swallowing function in patients with swallowing disorders. 
The main research focus was on the assessment and impact 
of respiratory training methods on swallowing safety and 
efficacy. Our research questions were as follows:

1.	 What are the characteristics of respiratory training inter-
ventions used to improve dysphagia?

2.	 Does respiratory training improve swallowing function 
(swallowing safety and effectiveness)?

Methods

We used the Systematic Reviews and Meta-Analyses 
(PRISMA) statement as guidelines for the development and 
methodology of this systematic evaluation [22].

Search strategy

Extensive literature searches were conducted independently 
by two researchers using PubMed, Web of Science, The 
Cochrane Library, CINAHL, and EMBASE from the crea-
tion of each database through December 2022 by using the 
following English descriptors: “breathing exercises”, “res-
piratory muscle training”, “Oropharyngeal muscle strength 
training”, “inspiratory muscle strength training”, “dyspha-
gia”, “deglutition”, “swallowing disorders” and “oropharyn-
geal dysphagia”.

Inclusion and exclusion criteria

Studies that met the following PICOS criteria were included: 
(1) Participants (P): all study participants were adults who 

were assessed as having dysphagia by objective instrumental 
examination; (2) Types of intervention (I): relevant Respira-
tory training intervention methods were implemented: IMT, 
EMST, or inspiratory/expiratory muscle training (IEMT); 
(3) Types of comparisons (C): zero resistance training with 
dummy equipment, conventional training, or standard train-
ing; (4) outcomes (O): valid and reliable outcome measure-
ment methods were used to evaluate the effect of breath-
ing training on swallowing function after intervention; (5) 
Types of studies (S): randomized controlled trials (RCTs). 
We restricted the search to English-language publications, 
excluding studies for which full text was not available. Fur-
thermore, because there are few relevant clinical trials of 
respiratory training applied to patients with swallowing dis-
orders, we did not restrict the study duration. To improve the 
quality of included the studies, only RCTs were included in 
this systematic evaluation, and types of literature such as 
reviews, case reports, and conference papers were excluded. 
Since we aimed to study the effect of breathing training on 
swallowing function in adults with dysphagia, studies with 
children and animals were also excluded.

Study selection

As shown in Fig. 1, a total of 1525 records were obtained 
from the original search, 328 of which were duplicate 
records. After combining the duplicate articles, two review-
ers were available to independently screen the headlines and 
abstracts of all retrieved records and determine whether they 
met the inclusion criteria. Potentially eligible studies were 
then reviewed in their entirety. The two reviewers were free 
of potential bias, and differences in study selection were 
agreed upon through consultation.

Risk of bias assessment

The methodological quality of the included articles was 
independently assessed by two reviewers. To assess the risk 
of bias in RCTs, we used the Cochrane risk of bias tool, 
rob2.0 [23]. The assessment tool included five evaluation 
domains (bias during randomization, bias for deviation from 
established interventions, bias for missing outcome data, 
bias for outcome measures, and bias for selective reporting 
of outcomes).

Data extraction process

Data extraction for articles that met the inclusion criteria was 
performed independently by two reviewers. The extracted 
data included the following characteristics: (1) authors 
and year of publication; (2) study design; (3) participants 
(number of participants, age, gender, etiology, dysphagia 
assessment tools); (4) male-to-female ratio of sample size; 
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(5) respiratory training intervention protocol (number of rep-
etitions, frequency, duration); (6) details of the implemented 
intervention; (7) Interventions in the control group; (8) out-
come measures; (9) summary of outcomes and effect sizes. 
The results of each study were further extracted, including 
any statistical analysis of changes in swallowing function 
after the intervention. When some important data were miss-
ing, we tried to contact the corresponding author.

Statistical analysis and grading the evidence

Study data were combined if the outcome measures used in 
at least two studies were comparable. A meta-analysis was 
designed using Review Manager (version 5.4) according to 
the practice recommendations of the Cochrane Handbook.

The included studies were assessed using chi-square 
tests and I2. The variables of interest included in this study 
were continuous, and for I2 < 50, we prioritized a fixed 
effects analysis model to calculate the mean difference 
(MD) and 95% confidence intervals (CI). According to 

Cochrane’s recommendations, studies reporting median, 
quartile, and range of data were not included in the meta-
analysis because we lacked accurate underlying data, 
which would have skewed results [24]. If I2 > 50% was 
considered that significant heterogeneity was observed, 
and thus we analyzed the source of heterogeneity by sub-
group analysis and sensitivity analysis using the random 
effects model. Subgroup analysis is planned for different 
types of respiratory training interventions. For the assess-
ment of Penetration Aspiration Scale (PAS) scores, residu-
als, we tested for differences using 95% CIs and stand-
ardized mean difference (SMD) to explain whether the 
different assessment methods affected the results.

The Grading of Recommendations, Assessment, Devel-
opment and Evaluations tool (GRADE) [25] was utilized 
in this study to provide a quality rating of the evidence and 
thus judge the credibility of the results. Due to the number 
of studies in the meta-analysis being less than 10, we did 
not assess reporting bias.

Fig. 1   Flow diagram for article 
inclusion PRISMA
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Results

Literature retrieval

Figure 1 reports the selection process for the included stud-
ies. Of the 1525 studies that were available for initial screen-
ing, we excluded 1480 that were duplicates and not relevant 
to this study. As such, 45 articles that potentially met the 
relevant study criteria were screened and evaluated in full 
text, with particular attention to factors such as study design 
and intervention (type of treatment and outcome evaluation 
metrics). Subsequently, 16 full-text articles were excluded 
because they did not mention respiratory training interven-
tions for dysphagia; a further nine articles were studied in 
patients who were assessed as having dysphagia without 
objective instrumentation; six articles were non-RCTs; three 
articles had additional combinations of interventions in addi-
tion to breathing training; and two articles lacked available 
data. Overall, six articles met the purpose and inclusion cri-
teria of this review.

Assessment of risk of bias

Figure 2 summarizes the risk of bias of all included RCTs 
using the Cochrane risk of bias tool rob2.0. Almost none of 
the included studies mentioned distribution concealment. 
Only one study, with a sample size of 45 patients with Par-
kinson’s disease, was associated with a low risk of bias in 
all regions [15]. All other studies exhibited a medium or 
high risk of bias in at least one domain. The risk of bias in 

the included studies was primarily associated with a lack 
of allocation concealment, inadequate blinding of the study 
process, and/or the assessment of the impact of lost access 
data on the study.

Assessment of the quality of the evidence

Evaluation of the quality of evidence ratings using GRADE 
revealed that the ratings were all low for included studies; 
this finding was most often a result of inadequate blinding of 
the study design and/or a small sample size (Fig. 3).

Subgroup and sensitivity analysis

The data can be used to complete subgroup analyses of dif-
ferent respiratory training modalities: swallowing safety 
(PAS) and swallowing function (FDS). Due to the small 
number of relevant studies and the fact that the included 
studies were considered to have a high risk of bias, no sen-
sitivity analysis was conducted.

Question 1: Patient and intervention characteristics

The patient and intervention characteristics are described 
in Table 1. Of the included studies, the sample size ranged 
from 18 participants [28] to 45 participants [15], with a 
total sample size of 193 cases. The participants included 
in the studies were generally of old age, with a larger pro-
portion of males included overall. Two different groups of 
patients were included in this study: stroke [26–30] and 
Parkinson’s disease [15], all of whom were diagnosed with 

Fig. 2   Risk of bias assessment 
of included studies
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varying degrees of dysphagia. Currently, respiratory train-
ing in patients with dysphagia is primarily focused on the 
expiratory muscles. All four of the included studies included 
EMST [15, 27, 29, 30]. The dysphagia population assess-
ment instrument for one of the included studies was the 
Flexible Endoscopic Evaluation of Swallowing (FEES), and 
all other studies used the Video Fluoroscopic Swallowing 
Study (VFSS) for objective assessment. One study imple-
mented IEMT [28], and one study employed Mechanical  
Inspiration and Expiration (MIE) [26]. In the four studies 
[15, 27, 28, 30], the EMST150 was the handheld device used 
for respiratory training, and another study used a similar but 
different model of respiratory training device [28]. All stud-
ies provided information on whether to implement and adjust 
the load depending on the patient’s individual situation. The 
duration of treatment utilized in the regular training program 
was 2–4 weeks, with a frequency of 5 or 7 days of training 
per week and 5 sets of training per day with several breaths 
per set. Only one study differed in its use of mechanical 
devices and a training protocol of 30 min per day [26]. The 
control group received zero resistance training with dummy 
equipment, conventional training, or standard training. Nota-
bly, we observed in one study that patients completed the 
training independently at home under various forms of clini-
cal guidance from professional therapists or rehabilitators 
[15] (see Table 1).

Question 2 respiratory training intervention results

Swallowing safety

The studies included in the quantitative analysis ubiquitously 
assessed the effect of applied respiratory training interven-
tions upon swallowing safety based on the PAS. One IEMT 
study did not have complete data after respiratory interven-
tion and only included changes in the number of people 
with PAS > 5 and PAS < 5 after intervention without sta-
tistical significance [28]. Therefore, a total of five studies 
were included for quantitative analysis [15, 26, 27, 29, 30]. 
Because one of the studies [15] was assessed using different 
scoring levels, and the results of a meta-analysis with con-
tinuous outcomes revealed heterogeneity across studies, it 
was more scientifically valid for us to use SMD as an effect 
size. Overall, there was evidence of a statistically significant 
improvement in swallowing safety associated with breathing 
training compared to the no or sham breathing intervention 
groups: PAS scores were reduced by 0.69 (n = 151, 95% CI 
− 1.11 to − 0.26, I2 = 36, p < 0.001). However, there was 
a significant subgroup interaction (p = 0.05, I2 = 73.4%) in 
the subgroup analysis of intervention types, and EMST was 
statistically significant, but MIE training showed no statisti-
cally significant reduction in PAS scores compared with the 
control group (p = 0.79) (Fig. 4).

Fig. 3   (GRADE) tool assessment of the quality of the evidence
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Combining data from two study outcomes [26, 30], res-
piratory training was revealed to improve swallowing func-
tion (FDS, n = 54, MD = − 3.15, 95% CI − 5.46 to − 0.83, 
I2 = 0, p < 0.001). Subgroup analysis of MIE and EMST 
interventions showed a significant improvement in EMST 
(n = 18, MD = − 4.22, 95% CI − 7.50 to − 0.94, p = 0.01), 
while the change was not statistically significant in MIE 
(n = 36, MD = − 2.0, 95% CI − 5.35 to 1.17, p = 0.21) and no 
significant subgroup interactions (p = 0.37, I2 = 0%) (Fig. 5). 
However, improvement in nasal permeation scores was sta-
tistically significant in only one of the two studies (p = 0.04) 
[26], while the other study reported a statistically significant 
improvement in overall FDS scores only.

The results of the Volume Viscosity Swallow Test 
(VVST) study by Guillén-Solà et al. [28] revealed that after 
3 weeks of intervention, patients in the IEMT group exhib-
ited significant improvements in safety signs (p = 0.011), but 

this beneficial effect was not displayed after 3 months of 
follow-up (p = 0.5).

Swallowing efficiency

Swallowing physiology

In one study that included the physiological activity of swal-
lowing as an outcome, breathing exercises were significantly 
effective in improving swallowing motions. sEMG results 
revealed a statistically significant increase in suprahyoid 
muscle activity after respiratory training intervention [27]. 
The experimental group in one study revealed increased 
improvement in the oral and pharyngeal stages of Video 
fluoroscopic Dysphagia Scale than in the control group; the 
difference between the groups before and after treatment was 
statistically significant [29]. However, due to inconsistent 

Fig. 4   Respiratory training versus control group: Penetration Aspiration Scale

Fig. 5   Respiratory training versus control group: Functional Dysphagia Scale
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measurement ranges and distinct measurement tools, it was 
not possible to integrate the data for reporting.

Swallowing residue

Three studies reported results regarding swallowing residue 
[15, 28, 30], using the VFSS to assess the residual score, 
or Vallecular Residue (VR). One study implemented the 
VVST and revealed an improvement in the efficacy signs 
of the inspiratory mechanism, but it lacked the underly-
ing data and was not included in the study [28]. Our use 
of SMD as the effect size is because the two studies were 
evaluated using different scoring levels. Swallowing residual 
(n = 63, SMD = − 1.67, 95% CI = − 2.26 to − 1.09, I2 = 23%, 
p < 0.001) was identified in a combined meta-analysis 
(Fig. 6).

Additional results

Two studies reported significant improvements in overall 
swallowing function as assessed by the Functional Oral 
Intake Scale, however, these findings could not be quan-
titatively analyzed due to a lack of data [27, 28]. Only one 
study used SWAL—QOL as an outcome measurement and 
the intervention results showed no statistical significance 
[15]. Table 2 provides detailed information regarding the 
measures and results of all reports analyzed in the present 
study, including the Swallowing Disturbance Questionnaire, 
quality of life measurements, and so on.

Discussion

Swallowing function is closely associated with respiratory 
function [29]. Previous studies have confirmed that exer-
cising respiratory muscles by applying mechanical loads 
could effectively improve the ability to clear the airway and 
ameliorate cough function [31]. Therefore, respiratory train-
ing for patients with dysphagia is necessary and an impor-
tant measure to prevent aspiration. One study revealed by 
sEMG that the activity of the supraglottic tissue group was 
significantly higher in the experimental group than in the 
control group after a respiratory training intervention [27]. 

Stimulating supraglottic activity thus was observed to have 
an effect on hyoid elevation and upper esophageal sphinc-
ter opening. These findings suggest that respiratory train-
ing may enhance muscle activity and improve coordination 
between respiratory and swallowing muscles to improve 
overall swallowing function [32, 33].

Therefore, we systematically reviewed the efficacy of 
breathing training interventions to improve swallowing func-
tion. Four of the six studies included expiratory muscle exer-
cises, one mechanical inspiratory expiratory exercise, and 
one inspiratory expiratory exercise. The results of the MIE 
subgroup analysis show that there are too few included stud-
ies, a small sample size, and a wide confidence interval. The 
included IEMT did not have enough data available to merge 
results. Therefore, we cannot determine the effect of these 
two training interventions on swallowing function. In the 
study of stroke and Parkinson’s disease patients, EMST can 
effectively reduce aspiration and residual so as to improve 
the safety and efficiency of swallowing.

The ability to improve the safety of swallowing is impor-
tant in effectively reducing or minimizing serious complica-
tions in patients with dysphagia. This meta-analysis revealed 
that RCT data from the five included studies reported statis-
tically significant overall reductions in scores after respira-
tory training based on PAS, but subgroup analysis showed 
a nonsignificant improvement in MIE. Moreover, FDS 
scores were reported to be significantly improved in the two 
included studies, and one of the studies indicated a signifi-
cant improvement in nasal penetration, an effect that could 
still be observed during later follow-ups [26]. Overall, these 
data suggest that respiratory muscle training can improve 
swallowing safety. In a review of all included articles, the 
results of one study indicated a significant difference in liq-
uid-type PAS scores between groups, while the difference in 
semisolid-type PAS scores was not statistically significant 
[27]. In contrast, most trials did not specify which type of 
push injection was used to assess the training effect. This 
may be one of the reasons for the differences in outcomes 
during the assessment of swallowing safety. Secondly, the 
average duration of current respiratory training interventions 
is around 4 weeks. This systematic review includes only 
two studies assessing the impact of respiratory training after 
the cessation of such training, and any changes that occur 

Fig. 6   Respiratory training versus control group: residual
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afterwards [15, 28]. Thus, it is unclear whether extended 
maintenance treatment (possibly in the form of a facilitated 
course of treatment) is required. Moreover, we therefore sug-
gest future studies are required that use more precise and 
uniform methodological quality assessment methods and 
extended treatment follow up to better assess improvements 
in safety associated with respiratory training in patients with 
dysphagia.

Swallowing efficiency evaluation is an important indi-
cator of intervention outcome, which primarily includes 
analysis of swallowing physiology and residual analysis 
after swallowing [34, 35]. The meta-analysis of the con-
trol studies revealed a positive effect of EMST on improv-
ing residuals, but cautious interpretation of these results 
is required due to a lack of focus on improving swallow-
ing efficiency in the current studies and the heterogeneity 
of the assessment tools. The physiology of swallowing is 
another aspect that responds to swallowing efficiency. In the 
included studies, we only observed physiological alterations 
in patients receiving EMST training. One study detected 
enhanced supraglottic activity by surface electromyography, 
which demonstrates that swallowing-related muscles can be 
employed as a complement to motor units during respiratory 
training [28].

Across all respiratory training intervention studies included 
in the present meta-analysis, we observed heterogeneity in the 
objective assessment instruments, training protocols, and out-
come measurement tools. As such, it was important to select 
rigorous and objective assessment and outcome measures. 
The FEES analysis and the VFSS are commonly chosen in the 
clinic to assess and examine swallowing function. However, 
these quantitative assessments utilizing video fluoroscopy 
remain largely subjective in assessing swallowing ability and 
in obtaining information regarding the physiology of swallow-
ing in patients [36], and the method has limitations in terms of 
the population to which it can be applied, making it difficult 
to perform repeat operations in a short period of time. sEMG 
facilitates the objective and detailed recording of data used 
to assess the magnitude and duration of different swallowing 
events and the changes in strength of each muscle involved in 
oropharyngeal swallowing without further exploring changes 
in swallowing physiology resulting from respiratory training 
[37]. As such, sEMG provides a scientific basis for determin-
ing the optimal breathing training program for individual 
patients based on the physiological characteristics of swallow-
ing in different patients, thus it can be considered for wide-
spread clinical use in future studies [38, 39]. In the meantime, 
we observed that current respiratory training techniques are 
dominated by expiratory muscle training. It has been suggested 
that combined inspiratory and expiratory muscle training may 
better improve airway safety in swallowing [40, 41]. Although 
this hypothesis requires validation by future studies that should 
continue to explore the effects of different modes of breathing 

training on dysphagia in order to identify the appropriate train-
ing mode for the patient.

Only one of the included studies evaluated the effect of 
respiratory training on the quality of life of patients with 
swallowing disorders [15]. The studies did not identify sta-
tistically significant differences in overall scores compared 
to traditional methods or sham groups, but patients’ self-
perceived respiratory training improved dysphagia symp-
toms. However, previous studies did report that respiratory 
training can significantly improve the burden and mental 
health of patients with swallowing disorders [42]. In future 
studies, the inclusion of patients’ self-perceptions could be 
considered an important part of the assessment.

To date, no systematic review has evaluated respiratory 
training interventions in patients who have been diagnosed 
with swallowing disorders by objective instrumentation. The 
results of our review were compared with recent reviews 
on the effects of EMST interventions on swallowing func-
tion [20, 21]. These reviews highlighted the heterogeneity 
of existing research evaluation tools, the small sample sizes 
of the studies and methods, and the low quality of research. 
However, this study evaluated multiple respiratory training 
interventions, and our included RCTs provided conclusions 
about the effectiveness of respiratory training on swallow-
ing function. We have a higher quality of evidence under 
the scientific guidance of the Cochrane method. The results 
suggest that respiratory training can be considered for its 
safety and efficacy in the clinical improvement of dysphagia.

Limitations

The limitations of this review are associated with the limi-
tations of the articles selected for analysis. Most of the lit-
erature utilized small sample sizes and poor-quality study 
designs, resulting in low levels of evidence for the resulting 
conclusions. Secondly, we excluded unpublished articles 
from the literature search and included only English-lan-
guage studies. This contributed to the inclusion of fewer arti-
cles. When screening the full text, we exclusively included 
studies in which patients were diagnosed with dysphagia by 
objective instrumentation, which resulted in patients with 
undiagnosed mild dysphagia groups or diagnosed with other 
methods not being included in studies of observation of the 
effects of intervention.

Conclusions

In conclusion, this systematic review and meta-analysis 
analyses the effects of breathing training on patients with 
swallowing disorders. EMST was overall identified as being 
effectively utilized to improve swallowing safety and resid-
ual in patients with swallowing disorders, but the evidence 
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is limited. We further observed an improvement effect of 
respiratory training upon swallowing activity with increased 
hyoid movement but did not, however, identify a significant 
improvement in quality of life. This field requires further 
extensive clinical studies using objective, rigorous methodo-
logical tools to quantify the physiological effectiveness of 
respiratory training to better individualize training programs 
for patients with dysphagia.
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