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Background: Resistance exercise shows potential for improving swallowing
function in post-stroke dysphagia (PSD), though optimal dose-response
parameters remain unclear. While the American College of Sports Medicine
(ACSM) framework effectively guides exercise prescriptions in healthy
populations, its application to PSD rehabilitation lacks meta-analytical validation.
This study evaluates varying resistance exercise dosages on swallowing
outcomes in PSD patients.

Methods: We systematically searched PubMed, Embase, Web of Science, and
Cochrane for randomized controlled trials (RCTs) investigating resistance
training in PSD. Interventions were stratified using ACSM compliance
criteria (6/8 and 7/8 thresholds) into high-adherence versus low/uncertain-
adherence  groups. Subgroup analyses employed random-effects
meta-analyses.

Results: Analysis included 19 RCTs (n = 566). Using 6/8 ACSM criteria, 11 studies
comprised the high-adherence group and eight the low/uncertain group. High-
adherence interventions demonstrated improved positively oriented scores
[SMD = -1.72 (95% Cl =3.26 to —0.18)], enhanced safety [SMD = -0.93 (95% ClI
-1.54 to -0.32)], and worsened negatively oriented scores [SMD = 2.27 (95%
Cl 0.66-3.87)]. Low-adherence groups showed non-significant improvements
in positively oriented scores [SMD = -047 (95% Cl -1.02 to 0.09)], negatively
oriented scores [SMD = 043 (95% CI -0.09-0.94)], and safety [MD = -1.85
(95% ClI —3.83 to 0.13)]. Applying stricter 7/8 criteria reclassified nine studies
as high-adherence and 10 as low/uncertain. High-adherence groups exhibited
greater positively oriented scores improvement [SMD = -2.15 (95% Cl -4.11 to
—0.20)], safety enhancement [MD = -1.05 (95% CI -1.58 to —0.51)], and negatively
oriented scores decline [SMD = 2.85 (95% CI 0.82-4.89)]. Low-adherence
groups maintained non-significant outcomes: positively oriented scores

01 frontiersin.org


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/journals/physiology#editorial-board
https://doi.org/10.3389/fphys.2025.1623298
https://crossmark.crossref.org/dialog/?doi=10.3389/fphys.2025.1623298&domain=pdf&date_stamp=2025-08-03
mailto:chl.75811@163.com
mailto:chl.75811@163.com
mailto:zjyyhpj@163.com
mailto:zjyyhpj@163.com
mailto:lixuejun0308@126.com
mailto:lixuejun0308@126.com
https://doi.org/10.3389/fphys.2025.1623298
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fphys.2025.1623298/full
https://www.frontiersin.org/articles/10.3389/fphys.2025.1623298/full
https://www.frontiersin.org/articles/10.3389/fphys.2025.1623298/full
https://www.frontiersin.org/articles/10.3389/fphys.2025.1623298/full
https://www.frontiersin.org/articles/10.3389/fphys.2025.1623298/full
https://www.frontiersin.org/articles/10.3389/fphys.2025.1623298/full
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org

Ye et al.

10.3389/fphys.2025.1623298

[SMD = -0.33 (95% Cl —-0.75 to 0.10)], negatively oriented scores [SMD = 0.32
(95% Cl —0.09-0.74)], and safety [MD = -1.39 (95% Cl —2.84 to 0.07)].

Conclusion: Resistance exercise demonstrates superior therapeutic effects over
non-resistance interventions for PSD. High adherence to ACSM-recommended
dosages yields significantly greater improvements in swallowing function
and safety compared to low/uncertain adherence regimens. These findings
validate the clinical utility of ACSM guidelines for optimizing resistance exercise
prescriptions in PSD rehabilitation.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/,

identifier CRD420251041450.

KEYWORDS

post-stroke dysphagia, resistance exercise, ACSM recommendations, exercise dose,
swallowing function, swallowing safety

1 Introduction

Dysphagia is a clinical disorder characterized by impaired
coordination of the oropharyngeal and esophageal muscles,
resulting in the inability to safely and efficiently transport liquid
or food boluses from the oral cavity to the stomach (Matsuo and
Palmer, 2008). The swallowing process involves the coordinated
action of over 25 pairs of muscles, including those of the jaw, lips,
cheeks, soft palate, larynx, pharynx, and esophagus (Sasegbon
and Hamdy, 2017). As a common complication of stroke, the
pathogenesis of dysphagia primarily stems from damage to
key neurological structures such as the cortical swallowing
centers, corticobulbar tracts, medullary swallowing centers, and
extrapyramidal system (Arnold et al., 2016; Cheng et al., 2022).
Stroke has been established as the second leading cause of death
globally, affecting approximately 13.7 million individuals annually
(Maciejewska et al., 2024). Depending on assessment tools, the
prevalence of dysphagia in stroke patients ranges from 19% to 80%
(Meng et al., 2000; Martino et al., 2005; Takizawa et al., 2016),
with over 75% of early-stage post-stroke dysphagia (PSD) patients
exhibiting moderate to severe symptoms (Rommel and Hamdy,
2016), significantly compromising daily function and quality of life.

Currently, no clinically specific pharmacological agents exist for
patients with PSD, with current therapeutic approaches primarily
focusing on peripheral and central stimulation methods, swallowing
muscle resistance training, and traditional Chinese acupuncture
(Xu et al., 2023). However, both peripheral/central stimulation

Abbreviations: SD, standard deviation; T, experimental group; C, control
group; CON, control group with conventional swallowing therapy (no
exercise); EMST, Expiratory Muscle Strength Training; NMES, Neuromuscular
Electrical Stimulation; MIE, Mechanical inspiration and expiration; VFSS,
Videofluoroscopic Swallowing Study; FOIS, Functional Oral Intake Scale;
VDS, Videofluoroscopic Dysphagia Scale; MASA, Mann Assessment of
Swallowing Ability; ASHA-NOMS, American Speech-Language-Hearing
Association-National Outcome Measurement System Swallowing scale;
FDS, functional dysphagia Scale; EST, Effortful Swallowing Training; TPRT,
Tongue-Pressure Resistance Training; TSAT, Tongue strength and accuracy
training; TPSAT, Tongue pressure strength and accuracy training; FCM,
Functional Communication Measure for swallowing; CTAR, chin tuck against
resistance; HLE, Head Lift Exercise; RJOE, Resistive Jaw Opening Exercise;
1RM, one repetition maximum; Ind.tail, individually tailored; NR, not reported.
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methods and acupuncture are limited by their reliance on
specialized rehabilitation equipment and assistance from healthcare
professionals, leading to suboptimal treatment adherence among
PSD patients. In contrast, swallowing muscle resistance training
has gained widespread acceptance in PSD management due
to its unique advantages of convenience and cost-effectiveness,
demonstrating significant clinical value (Cheng et al., 2021). As a
critical non-pharmacological intervention, resistance training not
only enhances quality of life in the general population but also
promotes cardiovascular functional recovery and improves motor
control of associated muscle groups in post-stroke individuals
(Choi et al., 2020; Hanssen et al., 2022).

Studies have demonstrated that resistance exercise effectively
restores the sensorimotor control system of swallowing by
stimulating laryngeal, hyoid, and epiglottic movements to
protect the airway and modulating the opening of the upper
esophageal sphincter (UES) to facilitate bolus transfer into the
esophagus (Lang, 2009). By enhancing muscular strength, range
of motion, and neuromuscular coordination, resistance training
targeting swallowing-related musculature improves oropharyngeal
swallowing function and reduces the risk of aspiration (Pauloski,
2008). A systematic review by Mepani et al. (Liu et al., 2022) further
corroborated that resistance exercise could significantly enhance
swallowing safety, oral intake capacity, and psychological wellbeing
in PSD patients. Another meta-analysis (Zhang et al, 2025)
confirmed that resistance exercise could selectively activate the
sternocleidomastoid muscle, thereby improving patient adherence
to rehabilitation protocols, reducing aspiration and pneumonia
incidence, and elevating quality of life. The above studies overlap in
their assertion of resistance exercise as an indispensable component
of PSD rehabilitation strategies.

Nevertheless, no consensus has been reached regarding the
optimal dose-response parameters of resistance training in the
management of PSD. A dose-response study by Brittany N.
Krekeler etal. (Krekeler et al., 2021) revealed that dysphagia
exercise programs emphasizing resistance training often yield more
pronounced therapeutic effects when utilizing higher resistance with
fewer repetitions. In a study comparing various intensities of lingual
resistance exercise, Van den Steen et al. (2019) failed to demonstrate
significant differences in outcomes among training levels at 60%,
80%, or 100% of the one-repetition maximum (1RM) over an 8-week
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intervention. As a core intervention variable in exercise therapy, the
precise delineation of the dose-response relationship for exercise
dosage is a prerequisite for optimizing neuromuscular adaptations
and clinical outcomes (Peterson et al., 2005; Ohkawara et al., 2007;
Radaelli et al., 2015; Schoenfeld et al., 2017).

The American College of Sports Medicine (ACSM), based
on biomechanical and exercise physiological evidence, has
systematically established a land-based exercise prescription
paradigm for healthy populations in its authoritative guidelines,
ACSM’s Guidelines for Exercise Testing and Prescription (11th
Edition), encompassing resistance, cardiorespiratory, flexibility,
and neuromotor training (Garber et al., 2011). Resistance exercise
therapy administered to seemingly healthy adults in accordance
with ACSM guidelines can modulate muscle hypertrophy and
improve motor function (Rhea et al., 2003; Riebe et al., 2015),
yet excessive exercise regimens yield negligible additional benefits.
While studies on resistance exercise interventions for PSD have
been increasing over the past few years, there remains a notable
lack of research assessing exercise dosage based on ACSM guideline
recommendations. Furthermore, it remains unclear whether ACSM
exercise prescriptions are equally applicable to PSD populations
and whether the recovery of swallowing function in PSD patients
is positively correlated with adherence to ACSM guidelines during
resistance exercise. Therefore, this review will categorize resistance
exercise interventions into high-adherence versus low/uncertain-
adherence groups based on their compliance with ACSM guideline
recommendations and compare their intervention effects in
PSD patients.

2 Materials and methods

The systematic literature review process was conducted strictly
in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement and has been
registered on the International Prospective Register of Systematic
Reviews (PROSPERO) platform (CRD420251041450).

2.1 Search strategy

A systematic search was conducted across four electronic
databases (PubMed, Embase, Web of Science, and Cochrane
Library), encompassing records from database inception through
7 March 2025. The search strategy adhered to the Population,
Intervention, Comparison, Outcomes, and Study Design (PICOS)
framework, focusing on thematic relevance to resistance exercise
The search
primarily comprised the following combinations of Medical

interventions and associated clinical outcomes.
Subject Headings (MeSH) terms and keywords: (“Stroke” or
“Strokes” or “Cerebrovascular Accident” or “cerebral infarction”
or “Cerebrovascular Apoplexy” or “Brain Vascular Accident”
or “Cerebrovascular Stroke” or “Apoplexy” or “CVA’) AND
(“Deglutition Disorders” or “Deglutition Disorder” or “Dysphagia”
or “Swallowing Disorders” or “Oropharyngeal Dysphagia” or
“Dysphagia, Oropharyngeal” or “Esophageal Dysphagia”) OR
(“post-stroke dysphagia” or “swallow dysfunction after stroke” or
“dysphagia after stroke” or “swallowing disorder after dysphagia”)
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AND (“Exercise” or “Resistance Training” or “Exercise Movement
Techniques” or “Exercise Therapy” or “Exercises” or “Training” or
“resistance exercise” or “Physical Exercise” or “Acute Exercise” or
“Exercise Program” or “Exercise Training” or “Physical Activity” or
“Training, Resistance” or“Strength Training”). The comprehensive
search strategy is outlined in Supplementary Appendix 1. To ensure
comprehensive literature coverage, supplementary manual searches
were performed through manual examination of reference lists in
identified review articles. If necessary, their corresponding authors
were contacted for further information.

2.2 Eligibility criteria

The study inclusion criteria were as follows: (a) Publicly
published randomized controlled studies; (b) Adult subjects
with a confirmed diagnosis of PSD; (c) Confirmation of PSD
diagnosis by the Video Fluorescence Swallowing Study (VESS)
or Fibroendoscopic Swallowing Assessment (FESS) or the
Standardized Swallowing Difficulty Assessment Instrument. (d)
Experimental group interventions involving any type of resistance
exercise. (e) Control groups receiving routine swallowing care
(without resistance training) or no treatment; (f) Inclusion
of swallowing function and/or swallowing safety as outcome
indicators. There was no restriction on the language of publication.

The exclusion criteria for studies were as follows: (a) control
interventions involving resistance exercise or non-standard
treatments; (b) dysphagia not caused by stroke; (c) studies in
which specific medications were administered during the resistance
exercise intervention; (d) article types including reviews, case
reports, meeting summaries, expert opinion articles, or peer-
reviewed publications. (e) Republications of experimental studies;
(f) Studies from which valid outcome data could not be extracted or
were missing.

Two authors (WKR and YY) independently screened the article
titles and abstracts. Full-text articles were reviewed if deemed
potentially eligible by either author. An article was included if both
authors agreed on its eligibility. Methodological discrepancies were
resolved through iterative adjudication by the investigative team,
with arbitration by the third and fourth authors (LYQ and JHJ) until
scholarly consensus was achieved.

2.3 Data synthesis and analysis

Two investigators (YY and WKR) independently performed
data extraction using standardized templates to capture the
following domains: study metadata (authors, publication year,
country), participant demographics (age, sex distribution, stroke
types, side of stroke), exercise intervention parameters (modality,
cycle frequency, repetitions, sets), control group protocols, and
outcome measurement methodologies. For graphical data lacking
textual quantification, Engauge Digitizer was implemented with
pre-calibrated precision thresholds. Primary outcomes comprised
swallowing function and swallowing safety, and functional living
capacity (measured by the modified Barthel Index). All datasets
underwent blinded duplicate verification by two corresponding
authors (HPJ and CHL), with discrepancies resolved through
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TABLE1 ACSM Recommendations for Resistance Exercise in
healthy adults.

Exercise dose ‘ Resistance exercise ‘

Frequency 3-5 days/week, Training for the same muscle group

takes at least 24 h

Start with 40%-50% of 1RM, no more than 60%-80%
1RM, 5-10 repetitions per group. Progressively increase

Intensity/workload

the load (+2-10%), repetitions, or sets every 2—4 weeks
to continuously stimulate adaptation

Duration Group 2-5, intergroup rest can be extended to 2-3 min

Note: 1RM: one repetition maximum.

third-party adjudication following predefined consensus protocols.
The resistance exercise dosage in included studies was evaluated
according to ACSM guidelines for enhancing muscle strength,
range of motion, and swallowing function in PSD patients
(Garber et al., 2011), with interventions classified into high-
adherence versus low/uncertain-adherence groups based on
ACSM recommendations. Two independent evaluators (YY and
LYQ) systematically assessed exercise parameters (frequency,
intensity, repetitions, and sets) to determine adherence levels, as
detailed in Table 1.

Each parameter’s minimum therapeutic dosage was assessed

through a tripartite scoring matrix (2 = full compliance, 1

uncertain compliance, 0 non-compliance), where inter-rater
discrepancies between independent evaluators YY and JHJ were
reconciled via a structured adjudication process involving arbiter
WKR. Among them, for intensity assessment, the core criterion
was based on the ACSM recommendation that resistance exercise
intensity should be defined as a percentage of one-repetition
maximum (1RM) (60%-80% 1RM for adults) (Garber et al., 2011).
When 1RM was not directly reported, surrogate indicators were
used for judgment: (1) the Borg Rating of Perceived Exertion scale
(the score of 12-15 corresponds to about 60%-80% 1RM); (2)
for the study labeled “Ind.tail (individually tailored)” or “NR (not
reported),” it is simply described as “gradually adjusted to the fatigue
threshold based on patient tolerance,” lacking relevant information
on resistance exercise intensity (neither IRM percentage nor
alternative indicator description), so it is judged as “uncertain
compliance” This framework enabled quantification of exercise
programs’ compliance rates with ACSM guidelines across surveys.
To ensure analytical robustness, dual classification thresholds
were implemented. Initially, programs with >6/8 compliance
were categorized as high adherence, and <6/8 as low/uncertain
adherence. Subsequently, methodological refinement elevated the
threshold to >7/8 compliance for high adherence classification,
while studies below this cutoff were designated as low/uncertain
adherence, thereby establishing standardized comparability across
intervention cohorts.

2.4 Statistical analysis

Statistical analyses were conducted using Review Manager 5.4,
with included studies stratified into two cohorts based on ACSM
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guideline adherence. Heterogeneity within subgroups was evaluated
according to the Cochrane Handbook guidelines, incorporating the
Higgins I* statistics (Huedo-Medina et al., 2006). Effect sizes were
calculated as mean difference (MD) or standardized mean difference
(SMD) with 95% confidence intervals (95% CI). Statistical models
were selected based on heterogeneity thresholds: fixed-effect models
for I* < 50% and random-effects models for I > 50%. Publication
bias was analyzed through funnel plots plotting effect sizes against
standard errors across included studies.

2.5 Quality appraisal

Study quality was independently assessed by two author
teams (CHL/HP] and LHT/XFY) following Cochrane
Collaboration guidelines for randomized controlled trial evaluation
(Higgins et al., 2011), with the revised Cochrane Risk of Bias
Tool (RoB 2) specifically designed for RCTs implemented
in accordance with Cochrane Handbook recommendations
(Sterne et al., 2019).

3 Results
3.1 Study identification and selection

Our systematic search identified 3,416 records across four
databases: PubMed (n = 646), Embase (n = 628), Cochrane Library
(n = 594), and Web of Science (n = 1,548), supplemented by
17 manually retrieved documents. Following de-duplication, 2,370
unique records underwent title/abstract screening, resulting in 386
articles progressing to full-text evaluation. Through rigorous full-
text assessment, 19 eligible studies (Kang et al., 2012; Moon et al.,
2016; Choi et al., 2017; don, 2017; Eom et al., 2017; Kim et al., 2017;
Park et al., 2017; Moon et al., 2018; Park et al., 2018; Hwang et al.,
2019; Jang et al., 2019; Kim and Park, 2019; Park et al., 2019; Arnold
and Bausek, 2020; Carnaby et al., 2020; Park et al., 2020; Wang et al.,
2022; Benfield et al, 2023; Liu et al, 2025) were ultimately
included, with the complete selection process visually summarized
in Figure 1.

3.2 Study characteristics

This systematic review included 19 studies involving a total of
566 PSD patients, with 283 participants allocated to the intervention
group and 283 to the control group. The mean age of the intervention
group ranged from 59.26 to 71.00 years, compared to 58.43-75.10
years in the control group. Regarding sex distribution, 55.48% of
PSD patients in the intervention group were male (44.52% female),
while the control group comprised 53.00% males and 47.00%
females. Geographically, 14 studies originated from South Korea,
with two studies each from China and the United States, and
one study from the United Kingdom. Besides, 14 studies reported
stroke types (e.g., ischemic vs. hemorrhagic), 10 studies detailed
the affected hemisphere (e.g., left vs. right), and 17 studies clearly
recorded the baseline data on the severity of swallowing function in
PSD patients.
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FIGURE 1
PRISMA study flow diagram.

Regarding resistance exercise interventions, the intervention
group including  Effortful
Swallowing Training (EST), Tongue-Pressure Resistance Training
(TPRT), Tongue Strength and Accuracy Training (TSAT), Chin
Tuck Against Resistance (CTAR), Head Lift Exercise (HLE),
and Resistive Jaw Opening Exercise (RJOE). In contrast, the

implemented diverse protocols,

control group received conventional swallowing therapy without
exercise components. The intervention duration varied from 2 to
8 weeks, with a frequency ranging from three sessions per week
to twice daily, and session durations predominantly spanning
30-60 min. Regarding outcome function assessment, 17 studies
evaluated swallowing function in patients with PSD, with 11
studies specifically assessed swallowing safety, as detailed in
Table 2.

3.3 Risk of bias

Using the Cochrane Bias Risk Assessment Tool for RCTs, all
included studies were rated as having a low risk of bias in terms
of random sequence generation. Among these 19 studies, five
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demonstrated a low risk of allocation concealment bias, while the
remaining 14 studies posed an unclear risk due to inadequate
description of the allocation method. Due to the inherent challenges
of implementing double-blinding procedures in resistance exercise
interventions, primarily stemming from the visibility of exercise
protocols, this domain exhibited the highest risk of potential
methodological bias. Only two studies provided explicit descriptions
of double-blinding implementation, resulting in an overall high risk
of bias for this criterion. Regarding outcome blinding assessment,
nine studies ensured that outcome assessors were fully blinded to
treatment allocation (i.e., assessor blinding), while 10 studies did not
report blinding methods and were thus classified as unclear risk. For
incomplete outcome data, 11 studies demonstrated low risk with no
participant attrition or dropout, whereas eight studies acknowledged
data loss but provided clear explanations for exclusions and data
handling, leading to an unclear risk rating. Regarding selective
reporting bias, five studies were classified as low-risk in their
reporting assessments. However, 14 studies lacked descriptions of
pre-registered trial protocols and were categorized as unclear risk.
No other sources of bias were identified across all included studies
(Figures 2, 3).
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FIGURE 2

Combined percentage risk of bias in each risk domain for all included trials.

3.4 Compliance with the ACSM
recommendations

Among the 19 included studies, 11 were classified as high
ACSM adherence and 8 as low ACSM adherence when applying
the 6/8 ACSM adherence criteria. Under the stricter 7/8 ACSM
adherence criteria, nine studies met the high adherence threshold,
while 10 were categorized as low or uncertain adherence. The
lower or uncertain adherence rates were primarily attributed to
discrepancies between the exercise dosage (e.g., intensity, frequency,
duration) of resistance training protocols and ACSM-recommended
prescriptions or insufficient reporting of exercise prescription details
for accurate assessment (Table 3).

Based on the directional scoring of swallowing function
assessment scales or tools, positively oriented scores were defined
as those where a decrease in scale score indicated improvement
in swallowing function, and negatively oriented scores as those
where an increase suggested functional enhancement. Under the
6/8 ACSM adherence criteria, adherence rates stratified by outcome
measures were as follows: For swallowing function (positively
oriented scores), five studies demonstrated high ACSM adherence,
while two exhibited low or uncertain adherence. For swallowing
function (negatively oriented scores), six studies showed high
adherence, compared to four with low/uncertain adherence. For
swallowing safety, eight studies achieved high adherence, versus
three classified as low/uncertain adherence. Under the stricter 7/8
ACSM adherence criteria, the adherence distribution shifted: For
swallowing function (positively oriented scores), four studies met
high adherence, with three rated low/uncertain. For swallowing
function (negatively oriented scores), five studies showed high
adherence, balanced by five in the low/uncertain category. For
swallowing safety, seven studies maintained high adherence,
contrasted with four in the low/uncertain group.

3.5 Meta-analysis

3.5.1 Swallowing function (positively oriented
scores)

Based on the differing scoring directions of swallowing
screening measures included in the studies, swallowing function

Frontiers in Physiology

(where positively oriented scores indicate poorer function)
was primarily assessed using the VFSS (Kim et al, 2014b),
Videofluoroscopic Dysphagia Scale (VDS) (Kim et al,, 2014a),
and Functional Dysphagia Scale (FDS) (Han et al, 2001). The
application of these scales has remained consistent over time.
Data from 179 PSD patients across seven studies were included
in this study. Given the significant heterogeneity (I* = 92%, p <
0.001), a random-effects model was selected for evaluation. Our
analysis revealed a pooled SMD of —1.33 (95% CI —2.40 to —0.26),
indicating that resistance training positively impacts swallowing
function recovery in PSD patients. Subgroup analysis based on
6/8 ACSM compliance criteria showed that the high-compliance
subgroup had an SMD of —1.72 (95% CI -3.26 to —0.18), while the
low/uncertain compliance subgroup had an SMD of -0.47 (95%
CI -1.02 to 0.09). Similarly, subgroup analysis using 7/8 ACSM
compliance criteria demonstrated an SMD of -2.15 (95% CI —4.11
to —0.20) for the high-compliance subgroup, compared with —0.33
(95% CI —0.75 to 0.10) for the low/uncertain compliance subgroup
(Figure 4). These findings collectively suggest that strict adherence
to ACSM-recommended resistance training demonstrates a more
pronounced improvement in swallowing function for PSD patients
than those with lower or uncertain compliance. Formal assessment
of the funnel plot revealed approximate symmetry between both
sides, indicating a lack of publication bias (Figure 5).

3.5.2 Swallowing function (negatively oriented
scores)
Accordingly, we systematically categorized swallowing
screening measures, classifying the Functional Oral Intake Scale
(FOIS) (Crary et al., 2005), Mann Assessment of Swallowing Ability
(MASA) (Ohira et al, 2023), and American Speech-Language-
Hearing Association National Outcome Measurement System
Swallowing Scale (ASHA NOMS) (Dungan et al., 2019) as negatively
oriented swallowing function assessments, where higher scores
indicate greater functional impairment. Moreover, the application
of these scales has remained consistent over time. Our analysis
encompassed 307 participants across the 10 included studies. Given
the substantial heterogeneity (I* = 92%, p < 0.001), a random-effects
model was applied for statistical analysis. Our analysis yielded a
pooled SMD of 1.38 (95% CI 0.47 to 2.29), demonstrating the

positive effect of resistance movement on swallowing function
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FIGURE 3

Risk of bias summary: review authors’ judgments about each risk of
bias item presented as percentages across all included studies.
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recovery in PSD patients. Subgroup analyses based on the 6/8
ACSM adherence criteria revealed a notable disparity between the
combined SMD of 2.27 (95% CI 0.66 to 3.87) in the subgroups with
high adherence to ACSM and 0.43 (95% CI —0.09 to 0.94) in the
subgroups with low or uncertain adherence. To substantiate the
robustness of findings, subgroup analyses employing the stringent
7/8 ACSM compliance criteria revealed statistically significant
divergence between high-compliance subgroups (SMD = 2.85, 95%
CI 0.82 to 4.89) and low-compliance/indeterminate-compliance
subgroups (SMD = 0.32, 95% CI -0.09 to 0.74), as detailed in
Figure 6. These findings collectively demonstrated that resistance
exercise interventions in the high ACSM-adherence subgroup
exhibited a superior improvement trajectory in swallowing function.
The funnel plot (Figure 7) displayed visual symmetry, and Egger’s
regression confirmed no significant asymmetry (p = 0.23), validating
the robustness of pooled estimates and indicating minimal risk of
publication bias.

3.5.3 Swallowing safety

Swallowing safety in PSD patients was primarily assessed using
the Rosenbek Penetration-Aspiration Scale (PAS) (Rosenbek et al.,
1996). The PAS accurately identifies patients at risk of swallowing
difficulties through its 8-level quantitative criteria, dynamically
captures aspiration details, and is widely applicable for the objective
assessment of dysphagia caused by various etiologies, such as stroke
and neurodegenerative diseases (Burdick et al., 2024). Analysis
of 11 trials evaluating swallowing safety outcomes demonstrated
considerable between-study heterogeneity (I* = 92%, p < 0.001),
necessitating implementation of a random-effects model for data
synthesis. The pooled SMD of -1.11 (95% CI: -1.66, —0.56)
demonstrated a clinically significant improvement in swallowing
safety parameters among PSD patients following resistance training
interventions. Subgroup analysis under the 6/8 ACSM adherence
criteria demonstrated that the high-adherence subgroup (eight
studies) had an MD of —0.93 (95% CI —1.54 to —0.32), while the
low/uncertain-adherence subgroup (three studies) yielded an MD
of —1.85 (95% CI —3.83 to 0.13), with significant between-subgroup
differences (p < 0.05 for interaction). Under the stricter 7/8 ACSM
adherence criteria, the high-adherence subgroup (seven studies) had
an MD of —1.05 (95% CI —1.58 to —0.51), and the low/uncertain-
adherence subgroup (four studies) exhibited an MD of —1.39 (95%
CI -2.84 to 0.07) (Figure 8). Consistently across both thresholds,
resistance exercise in high-adherence subgroups demonstrated a
favorable impact on swallowing safety. A funnel plot was generated,
revealing a symmetrical distribution of effect sizes (Figure 9), with
no statistical evidence of publication bias.

4 Discussion
This study systematically evaluated 566 PSD patients across

19 included trials, utilizing ACSM adherence as a subgroup
stratification factor under the 6/8 ACSM adherence criteria, to
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TABLE 3 Resistance exercise evaluated according to the ACSM’s recommendations.

Author, year Resistance exercise

’ ACSM adherence

Frequency Intensity/workload Repetitions ‘ Sets ‘ Points (Percent)
3-5/day week | Start with 40%—-50% of 1RM, no | 5-10 2-5

more

than 60%—-80% 1RM
Kang et al. (2012) 7 l NR > NR > NR > 3/8 (37.5%)
Choi et al. (2017) 5 T | NR - 10 T3 T 7/8(87.5%)
Eom et al. (2017) 5 T 70% 1RM T 5 T 5 T 8/8 (100%)
Kim et al. (2017) 3 7| Ind.tail ~ | NR -  NR - 5/8(62.5%)
Arnold and Bausek (2020) 7 | NR > NR > 3 T 4/8 (50%)
Jang et al. (2019) 5 7| Ind.tail ~ | NR -2 T 68 (75%)
Park et al. (2019) 5 T Refer to the ACSM’s Resistance Training 1 10 T 3 T 8/8 (100%)

Guide
Kim et al. (2017) 5 1| 60%-80% IRM 10 T3 T 8/8(100%)
Moon et al. (2016) 5 7| 50%-100% 1RM | 6 75 T 68 (75%)
Moon et al. (2018) 5 T | 75% IRM T 6 T s T 8/8(100%)
Wang et al. (2022) 5 T Ind.tail > NR > NR > 5/8 (62.5%)
Kim and Park (2019) 5 7| Ind.tail - 10 T3 T 7/8(87.5%)
Park et al. (2017) 5 1| 70% IRM 17 | NR -3 T 7/8(87.5%)
Benfield et al. (2023) 5 T Start with 50% of 1RM, >70% 1RM > NR > NR > 5/8 (62.5%)
Liu et al. (2025) 5 T Borg subjective fatigue scale score of T 10 T 2 T 8/8 (100%)

12-14
Park et al. (2018) 5 1 Ind.tail =30 1 |3 T 5/8(62.5%)
Carnaby et al. (2020) 7 1 Ind.tail > NR > NR | 3/8 (37.5%)
Hwang et al. (2019) 5 T NR > 20 1 NR | - 4/8 (50%)
Park et al. (2020) 5 1| 70% IRM 7 NR >3 T 7/8(87.5%)

Note: Ind.tail: individually tailored, NR: not reporte. Up-pointing/green arrow, fulfils reccommendation (2 points). Right-pointing/yellow arrow, uncertain fulfilment (1 point).

Down-pointing/red arrow, does not fulfil recommendation (0 points).

comprehensively investigate the impact of resistance exercise dosage
on swallowing function and safety in PSD. Furthermore, by refining
the ACSM adherence criteria to a stricter 7/8 threshold, we validated
the robustness and reproducibility of these findings.

4.1 Positive effects of resistance movement
on PSD

This meta-analysis demonstrated that resistance exercise
significantly improved swallowing function and enhanced
swallowing safety in patients with PSD. These findings aligned

with current PSD management guidelines and prior research
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(Vose et al., 2014; Cantemir and Laubert, 2017; Bath et al., 2018),
further validating the therapeutic efficacy of resistance exercise
as a physical rehabilitation modality for PSD. Current evidence
suggests that resistance exercise enhances swallowing biomechanics
by training swallowing-related musculature to resist external loads,
thereby increasing muscle mass and strength (Burkhead et al.,
2007), mitigating neuromuscular degradation, and positively
influencing disease reversal (Syed-Abdul, 2021). Notably, different
resistance exercise protocols confer benefits at distinct physiological
levels: EST improves tongue propulsion forces, directly enhancing
bolus transit efficiency (Park et al., 2019). CTAR facilitates safe
oral intake progression by optimizing hyolaryngeal complex
kinematics, thereby reducing aspiration risk (Park and Hwang,
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Forest plot analysis of resistance exercise dosage on swallowing function (negatively oriented scores) in PSD patients [ACSM compliance classification
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2021). JOE and Shaker Exercise exhibit comparable activation of
suprahyoid muscles (Choi et al., 2020). However, their clinical
applicability diverges: The Shaker Exercise enhances anterior
cervical musculature strength to improve hyoid displacement and
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minimize aspiration but may be limited by transient pain and
discomfort due to muscle fatigue, potentially compromising patient
adherence. In contrast, JOE can be performed in seated positions
with reduced physical exertion but imposes higher biomechanical
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Funnel plot of meta-analysis on the effect of resistance exercise on Swallowing safety in PSD patients [ACSM compliance classification criteria: (a) 6/8;
(b) 7/8].

stress on the temporomandibular joint. While resistance exercise  factors, including musculoskeletal tolerance, aspiration severity, and

demonstrates therapeutic efficacy in swallowing rehabilitation, no  functional goals.
single protocol has emerged as universally superior. Accordingly, Emerging evidence indicates that exercise dosage, encompassing

clinicians should tailor interventions based on patient-specific  intensity, frequency, and duration, is a critical determinant of
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swallowing function recovery in PSD patients, mediated through
exercise-induced neuroplasticity and structural reorganization
of cortical swallowing networks (Gauthier et al., 2008; Humbert
and German, 2013; Maier et al, 2019). Specifically, increased
exercise intensity has been shown to enhance physiological and
functional swallowing outcomes, such as pharyngeal constriction
velocity and hyoid displacement amplitude (Malandraki et al., 2016).
Steele et al.(Steele et al., 2016) further demonstrated that tongue-
pressure resistance training directly correlates with improved
swallowing safety, effectively reducing thin liquid vallecular residue,
akey predictor of aspiration risk. However, excessive exercise dosage
may paradoxically diminish therapeutic efficacy by compromising
patient adherence due to fatigue or musculoskeletal strain. While
resistance exercise is unequivocally beneficial, the optimal dosing
parameters (e.g., intensity: %1RM; frequency: sessions/week;
volume: sets X repetitions) remain undefined, hindering the
development of standardized protocols. This knowledge gap is
particularly concerning given the paucity of dose-response studies
in PSD populations, as highlighted by our systematic review.
Overall, this investigation highlighted the necessity of delineating
dose-response dynamics between resistance training parameters
(intensity, frequency, repetitions, sets) and functional recovery
outcomes in PSD, while establishing an evidence base for precision
rehabilitation protocols.

4.2 Positive impacts of exercise with high
adherence to ACSM guidelines

This study synthesized resistance exercise parameters, including
intensity, frequency, repetitions, and sets, from prior research,
utilizing ACSM adherence as a subgroup stratification factor to
evaluate the impact of varying dosage levels on swallowing function
in PSD patients. To our knowledge, this is the first systematic
review to employ ACSM adherence criteria for delineating
optimal exercise dosages in PSD rehabilitation, addressing a
critical gap in evidence-based practice. As the global authority in
exercise science, ACSM advocates exercise regimens integrating
aerobic activity, resistance training, and flexibility exercises,
coupled with regular moderate-intensity physical engagement
for health enhancement. Our analysis focused on resistance
exercise due to its predominant application in PSD research
(Krekeler et al, 2021), driven by the imperative to restore
coordinated activation of swallowing-related muscle groups, a
physiological demand uniquely suited to resistance modalities
in this population. The ACSM explicitly advocates resistance
training at intensities sufficient to induce muscle fatigue without
exhaustion, emphasizing that adherence to its evidence-based
prescriptions benefits even adults with chronic conditions or
disabilities (Garber et al., 2011).

To evaluate the efficacy of resistance exercise interventions in
PSD, this study incorporated internationally recognized swallowing
assessment tools, including VFSS, VDS, FDS, FOIS, MASA,
and ASHA NOMS. These tools were systematically selected to
comprehensively cover three core dimensions of swallowing
function: anatomical integrity, physiological coordination, and
functional performance. To ensure clinical interpretability and
statistical consistency, outcome measures were classified into
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positively oriented scales (score reduction indicates functional
improvement) and negatively oriented scales (score elevation
reflects clinical benefit), strictly adhering to uniform metric
definitions throughout the analysis. This standardized classification
system facilitated robust data synthesis and enhanced the
generalizability of findings. The PAS was prioritized for assessing
swallowing safety due to its excellent reliability, strong criterion
validity, and direct quantification of penetration-aspiration
events, which represents a critical endpoint for PSD risk
stratification.

In this systematic review, resistance exercise interventions with
high adherence to the 6/8 ACSM criteria demonstrated greater
therapeutic benefits in improving swallowing function and safety
than those with low or uncertain ACSM adherence. Similarly,
under the stricter 7/8 ACSM adherence criteria, high-adherence
resistance exercise interventions positively affected both swallowing
function and safety. These results confirm the feasibility and clinical
utility of ACSM-guided exercise dosages for PSD patients. Current
evidence suggests that resistance exercise benefits PSD patients, and
this study provides empirical support for implementing ACSM-
recommended resistance exercise protocols (including specific
dosage parameters) in this population. For clinical application,
personalized treatment plans should be developed, with adjustments
tailored to individual patient needs while adhering to evidence-
based exercise prescription guidelines.

4.3 Strengths and limitations of the study

The strengths of this review stem from its standardized
methodology and rigorous statistical analyses. To our knowledge,
few meta-analyses have hitherto focused on exercise dosage in
PSD patients, and none have stratified resistance exercise therapy
for PSD based on ACSM adherence criteria. By conducting
subgroup analyses based on ACSM adherence levels, this study
advances understanding of adherence optimization in tailored
resistance exercise prescriptions. Given that resistance exercise
constitutes a complex, multifaceted intervention, quantitative
evaluation remains challenging. To address this, we implemented
a 0-2 scale to systematically assess adherence, minimizing bias
arising from incomplete reporting and ensuring stringent inclusion
criteria for resistance exercise protocols. Furthermore, to account
for the heterogeneity of swallowing function outcomes, we
classified outcome measures into positively oriented scores (where
lower scores indicate functional improvement) and negatively
oriented scores (where higher scores reflect clinical benefit) based
on their clinical interpretability. This categorization enhanced
the reliability of outcome integration across studies. However,
we have to admit that the included studies used a variety of
swallowing-related indicators, including VFSS, VDS, and FOIS,
and these measures differ to some extent in their evaluation
dimensions. Moreover, SMD was used due to the need for
statistical synthesis of data from different scales with varying
metrics. This method enables the quantitative pooling of results,
which is crucial for meta-analytical inference. However, this
convenience comes with a trade-off: SMD standardizes effect
sizes across different measurement indicators, which may mask
the clinical specificity of individual indicators. Additionally,
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outcome measures were categorized into positively oriented
scores and negatively oriented scores, which also increased
conceptual heterogeneity to some extent. As highlighted in the
Cochrane Handbook, such trade-offs are inherent in synthesizing
heterogeneous outcomes, and readers should interpret the
combined effects with awareness of the original measures' distinct
clinical meanings.

Our study has several limitations that should be acknowledged.
First, notable heterogeneity was observed across the included trials
due to variations in resistance exercise protocols (e.g., differences
in intensity, frequency, and repetitions) and subtle variations in
participant characteristics. This lack of standardization complicated
the comparison and synthesis of results. A key methodological
limitation is the risk of bias inherent in individual studies, primarily
attributable to the difficulty in blinding participants/personnel to
resistance exercise interventions, which may introduce potential
performance and detection bias. As a meta-analysis relying
on existing studies, our findings may be influenced by the
inherent biases and limitations of the original research. Among
these limitations, the heterogeneous characteristics of stroke
were not considered, including lesion location, severity, and
the presence of cognitive impairment, which may modulate
patients’ therapeutic responses to resistance exercise. Stroke-
induced dysphagia varies substantially with the neuroanatomical
site of injury: for example, lesions involving the brainstem (a
critical hub for swallowing reflex integration) are associated with
more severe and persistent dysphagia compared to cortical or
subcortical lesions. Similarly, larger infarct/hemorrhage volumes
or higher stroke severity may reduce patients motor learning
capacity and treatment adherence, thereby weakening intervention
effects. The lack of baseline data in some of the included studies
makes it impossible to explore whether these factors modulate
the association between ACSM compliance and swallowing
outcomes through subgroup analysis. Future research should
explicitly record and analyze these variables to optimize patient
stratification and refine individualized rehabilitation strategies.
In addition, baseline dysphagia severity, an important factor
influencing treatment response, was not systematically considered
in this analysis. Previous studies have shown that patients
with mild dysphagia often exhibit more significant functional
improvement with resistance training compared to those with
severe dysphagia, due to their preserved neuromuscular reserve
and lower risk of aspiration (D'Netto et al, 2023). However,
among the 19 included randomized controlled trials, 17 studies
reported baseline severity using tools such as VESS, FOIS, or
VDS, but there were significant differences in grading criteria.
The remaining two studies did not provide quantitative data on
baseline function, merely mentioning the inclusion of “post-
stroke dysphagia patients” This lack of standardized baseline
assessment precluded subgroup analyses to explore whether
ACSM-recommended protocols yield differential effects across
severity strata.

During the data extraction process from figures and tables,
despite meticulous efforts to minimize errors, complete avoidance
of inaccuracies remains challenging. The inadequate description of
exercise prescriptions in some studies led to their classification as
not reported (NR), potentially introducing misclassification bias
in ACSM compliance assessments. Another notable limitation is
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the lack of consideration of actual adherence and intervention
duration in practice. This study focused on the compliance of
resistance exercise prescriptions with ACSM guidelines at the
prescription level (e.g., predefined frequency, intensity, and sets)
but did not capture real-world execution data, such as the actual
number of training sessions completed by patients, deviations from
prescribed duration per session, or dropout rates. Previous studies
have emphasized that even well-designed exercise protocols may
fail to achieve expected efficacy if patients' actual adherence is
low (Van Roie et al., 2015). Future studies should systematically
record actual compliance indicators (such as training logs and
objective monitoring data) within their design to more accurately
assess the clinical value of ACSM adherence for PSD. Of course,
coexisting oral dysfunction is also a confounding factor worth
considering, including poor dentition, reduced tongue strength,
and impaired masticatory function, which may independently
influence swallowing outcomes. Oral motor skills—such as tongue
propulsion, bolus manipulation, and chewing efficiency—are
prerequisites for safe swallowing, as they determine the integrity
of the bolus before pharyngeal transit. For example, reduced tongue
strength impairs bolus clearance from the oral cavity, increasing
the risk of residue aspiration; while edentulism or masticatory
impairment may lead to insufficient bolus breakdown, complicating
swallowing dynamics (Nagashima et al., 2021). Notably, among the
19 included RCTs, only two studies assessed tongue strength as part
of their outcomes, with no study systematically recording dentition
status or masticatory function. This lack of data precluded evaluation
of whether oral dysfunction modifies the association between
resistance exercise adherence and swallowing improvement.
Future research should incorporate comprehensive oral function
assessments to account for this potential source of variability.Finally,
the included studies predominantly enrolled middle-aged and
older adults (mean age range: 59.26-71.00 years). Consequently,
the generalizability of these findings to younger populations
is limited.

5 Conclusion

Through a systematic review of resistance exercise interventions,
this study supports the recommendation that resistance exercise is
an effective measure for improving swallowing function in patients
with PSD. Furthermore, subgroup analyses under both the 6/8
and 7/8 ACSM adherence criteria consistently demonstrated that
resistance exercise interventions with high ACSM adherence yielded
significantly greater improvements in swallowing function and
safety compared to those with low or uncertain adherence. However,
given the limited number of resistance exercise studies in PSD, future
research should employ more rigorous experimental designs and
larger sample sizes for validation.

Data availability statement
The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

frontiersin.org


https://doi.org/10.3389/fphys.2025.1623298
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org

Ye et al.

Author contributions

YY: Resources, Writing - original draft, Formal Analysis,
Validation, Visualization, Writing - review and editing, Data
curation, Investigation, Conceptualization, Software, Methodology.
KW: Data curation, Methodology, Writing - review and
editing, Conceptualization, Investigation, Writing - original
draft, Formal Analysis, Visualization, Project administration.
YL: Validation, Methodology,
Writing - original draft, Conceptualization. HJ: Investigation,

Data curation, Investigation,
Writing - original draft, Data curation, Methodology. HL:
Validation, Visualization, Writing - original draft, Software. BJ:
Data curation, Validation, Conceptualization, Writing - original
draft, Formal Analysis. FX: Writing - original draft, Formal
Analysis, Methodology, Investigation, Project administration.
XL: Software,
Project administration, Visualization, Methodology, Supervision,

Writing review and editing, Resources,
Validation. PH: Visualization, Resources, Project administration,
Conceptualization, Validation, Investigation, Writing - review
and editing, Methodology. HC: Writing — review and editing,
draft,

Supervision, Funding acquisition, Resources, Validation, Project

Conceptualization, Writing original Investigation,

administration.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was supported
by the Anhui Provincial Health Commission Research Project
(AHWJW2024Aa40010) and the Anhui Provincial Science and
Technology Department Key Research and Development Project
(202304295107020123).

References

Arnold, M., Liesirova, K., Broeg-Morvay, A., Meisterernst, J., Schlager, M., Mono, M.
L., et al. (2016). Dysphagia in acute stroke: incidence, burden and impact on clinical
outcome. PLoS One 11 (2), €0148424. doi:10.1371/journal.pone.0148424

Arnold, R. ], and Bausek, N. (2020). Effect of respiratory muscle training
on dysphagia in stroke patients-A retrospective pilot study. Laryngoscope Investig.
Otolaryngol. 5 (6), 1050-1055. doi:10.1002/li02.483

Bath, P. M., Lee, H. S., and Everton, L. E. (2018). Swallowing therapy for dysphagia
in acute and subacute stroke. Cochrane Database Syst. Rev. 10 (10), Cd000323.
doi:10.1002/14651858.CD000323.pub3

Benfield, J. K., Hedstrom, A., Everton, L. E, Bath, P. M., and England, T. J. (2023).
Randomized controlled feasibility trial of swallow strength and skill training with
surface electromyographic biofeedback in acute stroke patients with dysphagia. J. Oral
Rehabil. 50 (6), 440-451. doi:10.1111/joor.13437

Burdick, R., Pena-Chévez, R., Namasivayam-MacDonald, A., and Rogus-Pulia,
N. (2024). Deglutologist practices and perceptions of the penetration-aspiration
scale: a survey study. Dysphagia 39 (3), 522-533. doi:10.1007/s00455-023-
10637-3

Burkhead, L. M., Sapienza, C. M., and Rosenbek, J. C. (2007). Strength-training
exercise in dysphagia rehabilitation: principles, procedures, and directions for future
research. Dysphagia 22 (3), 251-265. doi:10.1007/500455-006-9074-z

Cantemir, S., and Laubert, A. (2017). Diagnosis and treatment of dysphagia. Hno 65
(4), 347-356. d0i:10.1007/s00106-017-0344-x

Carnaby, G. D., LaGorio, L., Silliman, S., and Crary, M. (2020). Exercise-based
swallowing intervention (McNeill Dysphagia Therapy) with adjunctive NMES to treat

dysphagia post-stroke: a double-blind placebo-controlled trial. J. Oral Rehabil. 47 (4),
501-510. doi:10.1111/joor.12928

Frontiers in Physiology

16

10.3389/fphys.2025.1623298

Acknowledgments

We thank Home for Researchers editorial team (www.home-for-
researchers.com) for language editing service.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fphys.2025.
1623298/full#supplementary-material

Cheng, 1., Sasegbon, A., and Hamdy, S. (2021). Effects of neurostimulation on
poststroke dysphagia: a synthesis of current evidence from randomized controlled
trials. Neuromodulation 24 (8), 1388-1401. doi:10.1111/ner.13327

Cheng, I, Takahashi, K., Miller, A., and Hamdy, S. (2022). Cerebral control of
swallowing: an update on neurobehavioral evidence. J. Neurol. Sci. 442, 120434.
doi:10.1016/1.jns.2022.120434

Choi, J. B., Jung, Y. J., and Park, J. S. (2020). Comparison of 2 types of therapeutic
exercise: jaw opening exercise and head lift exercise for dysphagic stroke: a pilot study.
Med. Baltim. 99 (38), €22136. doi:10.1097/md.0000000000022136

Choi, J.-B., Shim, S.-H., Yang, J.-E., Kim, H.-D., Lee, D.-H., and Park, J.-S.
(2017). Effects of shaker exercise in stroke survivors with oropharyngeal dysphagia.
NeuroRehabilitation 41 (4), 753-757. doi:10.3233/nre-172145

Crary, M. A,, Mann, G. D., and Groher, M. E. (2005). Initial psychometric assessment
of a functional oral intake scale for dysphagia in stroke patients. Arch. Phys. Med.
Rehabil. 86 (8), 1516-1520. doi:10.1016/j.apmr.2004.11.049

D'Netto, P, Rumbach, A., Dunn, K., and Finch, E. (2023). Clinical predictors
of dysphagia recovery after stroke: a systematic review. Dysphagia 38 (1), 1-22.
doi:10.1007/s00455-022-10443-3

don, kk. (2017). The effects of short neck flexion exercise in proprioceptive
neuromuscular facilitation and neuromuscular electrical stimulation on swallowing
function in patients with chronic stroke. J. Korean Soc. Integr. Med. 5 (4), 31-39.

Dungan, S., Gregorio, D., Abrahams, T, Harrison, B., Abrahams, J., Brocato, D, et al.
(2019). Comparative validity of the American speech-language-hearing association’s
national outcomes measurement system, functional oral intake scale, and G-Codes to
mann assessment of swallowing ability scores for dysphagia. Am. J. Speech Lang. Pathol.
28 (2), 424-429. doi:10.1044/2018_ajslp-18-0072

frontiersin.org


https://doi.org/10.3389/fphys.2025.1623298
http://www.home-for-researchers.com
http://www.home-for-researchers.com
https://www.frontiersin.org/articles/10.3389/fphys.2025.1623298/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphys.2025.1623298/full#supplementary-material
https://doi.org/10.1371/journal.pone.0148424
https://doi.org/10.1002/lio2.483
https://doi.org/10.1002/14651858.CD000323.pub3
https://doi.org/10.1111/joor.13437
https://doi.org/10.1007/s00455-023-10637-3
https://doi.org/10.1007/s00455-023-10637-3
https://doi.org/10.1007/s00455-006-9074-z
https://doi.org/10.1007/s00106-017-0344-x
https://doi.org/10.1111/joor.12928
https://doi.org/10.1111/ner.13327
https://doi.org/10.1016/j.jns.2022.120434
https://doi.org/10.1097/md.0000000000022136
https://doi.org/10.3233/nre-172145
https://doi.org/10.1016/j.apmr.2004.11.049
https://doi.org/10.1007/s00455-022-10443-3
https://doi.org/10.1044/2018_ajslp-18-0072
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org

Ye et al.

Eom, M.-], Chang, M.-Y,, Oh, D.-H., Kim, H.-D., Han, N.-M., and Park,
J.-S. (2017). Effects of resistance expiratory muscle strength training in elderly
patients with dysphagic stroke. NeuroRehabilitation 41 (4), 747-752. doi:10.3233/nre-
172192

Garber, C. E., Blissmer, B., Deschenes, M. R., Franklin, B. A., Lamonte, M. J., Lee,
I. M, et al. (2011). American college of sports medicine position stand. Quantity and
quality of exercise for developing and maintaining cardiorespiratory, musculoskeletal,
and neuromotor fitness in apparently healthy adults: guidance for prescribing exercise.
Med. Sci. Sports Exerc 43 (7), 1334-1359. doi:10.1249/MSS.0b013e318213fefb

Gauthier, L. V., Taub, E. Perkins, C., Ortmann, M., Mark, V. W, and
Uswatte, G. (2008). Remodeling the brain: plastic structural brain changes
produced by different motor therapies after stroke. Stroke 39 (5), 1520-1525.
doi:10.1161/strokeaha.107.502229

Han, T. R,, Paik, N. J,, and Park, J. W. (2001). Quantifying swallowing function after
stroke: a functional dysphagia scale based on videofluoroscopic studies. Arch. Phys.
Med. Rehabil. 82 (5), 677-682. d0i:10.1053/apmr.2001.21939

Hanssen, H., Boardman, H., Deiseroth, A., Moholdt, T., Simonenko, M., Krankel,
N., et al. (2022). Personalized exercise prescription in the prevention and treatment
of arterial hypertension: a Consensus Document from the European Association of
Preventive Cardiology (EAPC) and the ESC Council on Hypertension. Eur. J. Prev.
Cardiol. 29 (1), 205-215. doi:10.1093/eurjpc/zwaal41l

Higgins, J. P, Altman, D. G., Gotzsche, P. C,, Jini, P., Moher, D., Oxman, A. D,, et al.
(2011). The cochrane Collaboration’s tool for assessing risk of bias in randomised trials.
Bmj 343, d5928. doi:10.1136/bmj.d5928

Huedo-Medina, T. B., Sdnchez-Meca, ., Marin-Martinez, E, and Botella, J. (2006).
Assessing heterogeneity in meta-analysis: q statistic or 12 index? Psychol. Methods 11
(2), 193-206. doi:10.1037/1082-989x.11.2.193

Humbert, I. A., and German, R. Z. (2013). New directions for understanding neural
control in swallowing: the potential and promise of motor learning. Dysphagia 28 (1),
1-10. doi:10.1007/s00455-012-9432-y

Hwang, N. K., Kim, H. H., Shim, J. M., and Park, J. S. (2019). Tongue stretching
exercises improve tongue motility and oromotor function in patients with dysphagia
after stroke: a preliminary randomized controlled trial. Arch. Oral Biol. 108, 104521.
doi:10.1016/j.archoralbio.2019.104521

Jang, K. W, Lee, S. J., Kim, S. B., Lee, K. W,, Lee, J. H., and Park, J. G. (2019). Effects
of mechanical inspiration and expiration exercise on velopharyngeal incompetence in
subacute stroke patients. J. Rehabil. Med. 51 (2), 97-102. doi:10.2340/16501977-2506

Kang, J.-H., Park, R.-Y, Lee, S.-J,, Kim, J.-Y., Yoon, S.-R., and Jung, K.-I. (2012).
The effect of bedside exercise program on stroke patients with dysphagia. Ann.
Rehabilitation Med. 36 (4), 512-520. doi:10.5535/arm.2012.36.4.512

Kim, H. D., Choi, J. B,, Yoo, S. J., Chang, M. Y,, Lee, S. W,, and Park, J. S. (2017).
Tongue-to-palate resistance training improves tongue strength and oropharyngeal
swallowing function in subacute stroke survivors with dysphagia. J. Oral Rehabil. 44
(1), 59-64. doi:10.1111/joor.12461

Kim, H. H., and Park, J. S. (2019). Efficacy of modified chin tuck against resistance
exercise using hand-free device for dysphagia in stroke survivors: a randomised
controlled trial. J. Oral Rehabil. 46 (11), 1042-1046. doi:10.1111/joor.12837

Kim, J., Oh, B. M., Kim, ]. Y., Lee, G.].,, Lee, S. A., and Han, T. R. (2014a). Validation of
the videofluoroscopic dysphagia scale in various etiologies. Dysphagia 29 (4), 438-443.
doi:10.1007/s00455-014-9524-y

Kim, S. Y, Kim, T. U, Hyun, J. K, and Lee, S. J. (2014b). Differences in
videofluoroscopic swallowing study (VFSS) findings according to the vascular
territory involved in stroke. Dysphagia 29 (4), 444-449. doi:10.1007/s00455-014-
9525-x

Krekeler, B. N., Rowe, L. M., and Connor, N. P. (2021). Dose in exercise-based
dysphagia therapies: a scoping review. Dysphagia 36 (1), 1-32. doi:10.1007/s00455-020-
10104-3

Lang, I. M. (2009). Brain stem control of the phases of swallowing. Dysphagia 24 (3),
333-348. d0i:10.1007/s00455-009-9211-6

Liu, J., Wang, Q., Tian, J., Zhou, W,, Gao, Y., Chen, X,, et al. (2022). Effects of chin
tuck against resistance exercise on post-stroke dysphagia rehabilitation: a systematic
review and meta-analysis. Front. Neurol. 13, 1109140. doi:10.3389/fneur.2022.
1109140

Liu, S., Fan, Z., Fu, M., Cheng, K., Zhang, X., Ni, J,, et al. (2025). Impact of inspiratory
muscle training on aspiration symptoms in patients with dysphagia following ischemic
stroke. Brain Res. 1850, 149396. doi:10.1016/j.brainres.2024.149396

Maciejewska, O., Kepczynska, K., Polit, M., and Domitrz, I. (2024). Dysphagia
in ischaemic stroke patients: one centre retrospective study. Nutrients 16 (8), 1196.
doi:10.3390/nul6081196

Maier, M., Ballester, B. R., and Verschure, P. (2019). Principles of neurorehabilitation
after stroke based on motor learning and brain plasticity mechanisms. Front. Syst.
Neurosci. 13, 74. doi:10.3389/fnsys.2019.00074

Malandraki, G. A., Rajappa, A., Kantarcigil, C., Wagner, E., Ivey, C., and Youse,
K. (2016). The intensive dysphagia rehabilitation approach applied to patients with
neurogenic dysphagia: a case series design study. Arch. Phys. Med. Rehabil. 97 (4),
567-574. doi:10.1016/j.apmr.2015.11.019

Frontiers in Physiology

17

10.3389/fphys.2025.1623298

Martino, R., Foley, N., Bhogal, S., Diamant, N., Speechley, M., and Teasell, R. (2005).
Dysphagia after stroke: incidence, diagnosis, and pulmonary complications. Stroke 36
(12), 2756-2763. doi:10.1161/01.STR.0000190056.76543.eb

Matsuo, K., and Palmer, J. B. (2008). Anatomy and physiology of feeding and
swallowing: normal and abnormal. Phys. Med. Rehabil. Clin. N. Am. 19 (4), 691-707.
doi:10.1016/j.pmr.2008.06.001

Meng, N. H,, Wang, T. G., and Lien, I. N. (2000). Dysphagia in patients with
brainstem stroke: incidence and outcome. Am. J. Phys. Med. Rehabil. 79 (2), 170-175.
doi:10.1097/00002060-200003000-00010

Moon, J. H., Hahm, S. C, Won, Y. S., and Cho, H. Y. (2018). The effects
of tongue pressure strength and accuracy training on tongue pressure strength,
swallowing function, and quality of life in subacute stroke patients with dysphagia:
a preliminary randomized clinical trial. Int. J. Rehabil. Res. 41 (3), 204-210.
d0i:10.1097/mrr.0000000000000282

Moon, J.-H., Sik, W. Y,, 23| %I, Z 2, and Won, Y. S. (2016). Effects of tongue
strength and accuracy training on tongue strength, swallowing function, and quality of
life in chronic stroke patients with dysphagia. J. Korea Contents Assoc. 16 (11), 605-613.
doi:10.5392/jkca.2016.16.11.605

Nagashima, K., Kikutani, T., Miyashita, T., Yajima, Y., and Tamura, F. (2021). Tongue
muscle strength affects posterior pharyngeal wall advancement during swallowing: a
cross-sectional study of outpatients with dysphagia. J. Oral Rehabil. 48 (2), 169-175.
doi:10.1111/joor.13120

Ohira, M., Ohkubo, M., Miura, K., Yamashita, S., Morimitsu, T., and Goto, Y.
(2023). Diagnostic accuracy of mann assessment of swallowing ability for predicting
dysphagia in patients with psychiatric disorders. Bull. Tokyo Dent. Coll. 64 (3), 79-87.
doi:10.2209/tdcpublication.2022-0038

Ohkawara, K., Tanaka, S. Miyachi, M., Ishikawa-Takata, K., and Tabata, 1.
(2007). A dose-response relation between aerobic exercise and visceral fat reduction:
systematic review of clinical trials. Int. J. Obes. (Lond) 31 (12), 1786-1797.
doi:10.1038/sj.1j0.0803683

Park, H. S., Oh, D. H.,, Yoon, T,, and Park, J. S. (2019). Effect of effortful swallowing
training on tongue strength and oropharyngeal swallowing function in stroke patients
with dysphagia: a double-blind, randomized controlled trial. Int. J. Lang. Commun.
Disord. 54 (3), 479-484. doi:10.1111/1460-6984.12453

Park, J. S, An, D. H,, Kam, K. Y,, Yoon, T, Kim, T, and Chang, M. Y. (2020).
Effects of resistive jaw opening exercise in stroke patients with dysphagia: a double-
blind, randomized controlled study. J. Back Musculoskelet. Rehabil. 33 (3), 507-513.
doi:10.3233/bmr-181477

Park, J. S., An, D. H., Oh, D. H., and Chang, M. Y. (2018). Effect of chin tuck against
resistance exercise on patients with dysphagia following stroke: a randomized pilot
study. NeuroRehabilitation 42 (2), 191-197. doi:10.3233/nre-172250

Park, J. S., and Hwang, N. K. (2021). Chin tuck against resistance exercise
for dysphagia rehabilitation: a systematic review. J. Oral Rehabil. 48 (8), 968-977.
doi:10.1111/joor.13181

Park, J. S., Hwang, N. K., Oh, D. H., and Chang, M. Y. (2017). Effect of head lift
exercise on kinematic motion of the hyolaryngeal complex and aspiration in patients
with dysphagic stroke. J. Oral Rehabil. 44 (5), 385-391. doi:10.1111/joor.12492

Pauloski, B. R. (2008). Rehabilitation of dysphagia following head and neck cancer.
Phys. Med. Rehabil. Clin. N. Am. 19 (4), 889-928. doi:10.1016/j.pmr.2008.05.010

Peterson, M. D., Rhea, M. R, and Alvar, B. A. (2005). Applications of the dose-
response for muscular strength development: a review of meta-analytic efficacy and
reliability for designing training prescription. J. Strength Cond. Res. 19 (4), 950-958.
doi:10.1519/r-16874.1

Radaelli, R., Fleck, S. J., Leite, T, Leite, R. D., Pinto, R. S., Fernandes, L., et al.
(2015). Dose-response of 1, 3, and 5 sets of resistance exercise on strength, local
muscular endurance, and hypertrophy. J. Strength Cond. Res. 29 (5), 1349-1358.
doi:10.1519/j5¢.0000000000000758

Rhea, M. R, Alvar, B. A,, Burkett, L. N., and Ball, S. D. (2003). A meta-analysis to
determine the dose response for strength development. Med. Sci. Sports Exerc 35 (3),
456-464. doi:10.1249/01.Mss.0000053727.63505.D4

Riebe, D., Franklin, B. A., Thompson, P. D., Garber, C. E., Whitfield, G.
P, Magal, M., et al. (2015). Updating ACSM’s recommendations for exercise
preparticipation health screening. Med. Sci. Sports Exerc 47 (11), 2473-2479.
doi:10.1249/mss.0000000000000664

Rommel, N., and Hamdy, S. (2016). Oropharyngeal dysphagia:
manifestations and diagnosis. Nat. Rev. Gastroenterol. Hepatol. 13 (1), 49-59.
doi:10.1038/nrgastro.2015.199

Rosenbek, J. C., Robbins, J. A., Roecker, E. B., Coyle, J. L., and Wood, J. L. (1996). A
penetration-aspiration scale. Dysphagia 11 (2), 93-98. doi:10.1007/bf00417897

Sasegbon, A., and Hamdy, S. (2017). The anatomy and physiology of normal and
abnormal swallowing in oropharyngeal dysphagia. Neurogastroenterol. Motil. 29 (11).
doi:10.1111/nmo.13100

Schoenfeld, B. J, Ogborn, D. and Krieger, J. W. (2017). Dose-response
relationship between weekly resistance training volume and increases in muscle
mass: a systematic review and meta-analysis. . Sports Sci. 35 (11), 1073-1082.
doi:10.1080/02640414.2016.1210197

frontiersin.org


https://doi.org/10.3389/fphys.2025.1623298
https://doi.org/10.3233/nre-172192
https://doi.org/10.3233/nre-172192
https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1161/strokeaha.107.502229
https://doi.org/10.1053/apmr.2001.21939
https://doi.org/10.1093/eurjpc/zwaa141
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1037/1082-989x.11.2.193
https://doi.org/10.1007/s00455-012-9432-y
https://doi.org/10.1016/j.archoralbio.2019.104521
https://doi.org/10.2340/16501977-2506
https://doi.org/10.5535/arm.2012.36.4.512
https://doi.org/10.1111/joor.12461
https://doi.org/10.1111/joor.12837
https://doi.org/10.1007/s00455-014-9524-y
https://doi.org/10.1007/s00455-014-9525-x
https://doi.org/10.1007/s00455-014-9525-x
https://doi.org/10.1007/s00455-020-10104-3
https://doi.org/10.1007/s00455-020-10104-3
https://doi.org/10.1007/s00455-009-9211-6
https://doi.org/10.3389/fneur.2022.1109140
https://doi.org/10.3389/fneur.2022.1109140
https://doi.org/10.1016/j.brainres.2024.149396
https://doi.org/10.3390/nu16081196
https://doi.org/10.3389/fnsys.2019.00074
https://doi.org/10.1016/j.apmr.2015.11.019
https://doi.org/10.1161/01.STR.0000190056.76543.eb
https://doi.org/10.1016/j.pmr.2008.06.001
https://doi.org/10.1097/00002060-200003000-00010
https://doi.org/10.1097/mrr.0000000000000282
https://doi.org/10.5392/jkca.2016.16.11.605
https://doi.org/10.1111/joor.13120
https://doi.org/10.2209/tdcpublication.2022-0038
https://doi.org/10.1038/sj.ijo.0803683
https://doi.org/10.1111/1460-6984.12453
https://doi.org/10.3233/bmr-181477
https://doi.org/10.3233/nre-172250
https://doi.org/10.1111/joor.13181
https://doi.org/10.1111/joor.12492
https://doi.org/10.1016/j.pmr.2008.05.010
https://doi.org/10.1519/r-16874.1
https://doi.org/10.1519/jsc.0000000000000758
https://doi.org/10.1249/01.Mss.0000053727.63505.D4
https://doi.org/10.1249/mss.0000000000000664
https://doi.org/10.1038/nrgastro.2015.199
https://doi.org/10.1007/bf00417897
https://doi.org/10.1111/nmo.13100
https://doi.org/10.1080/02640414.2016.1210197
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org

Ye et al.

Steele, C. M., Bayley, M. T., Peladeau-Pigeon, M., Nagy, A., Namasivayam, A.
M., Stokely, S. L., et al. (2016). A randomized trial comparing two tongue-pressure
resistance training protocols for post-stroke dysphagia. Dysphagia 31 (3), 452-461.
doi:10.1007/500455-016-9699-5

Sterne, J. A. C., Savovi¢, J., Page, M. J., Elbers, R. G., Blencowe, N. S., Boutron, L, et al.
(2019). RoB 2: a revised tool for assessing risk of bias in randomised trials. Bmj 366,
14898. doi:10.1136/bmj.14898

Syed-Abdul, M. M. (2021). Benefits of resistance training in older adults. Curr. Aging
Sci. 14 (1), 5-9. doi:10.2174/1874609813999201110192221

Takizawa, C., Gemmell, E., Kenworthy, J., and Speyer, R. (2016). A systematic review
of the prevalence of oropharyngeal dysphagia in stroke, Parkinson’s disease, Alzheimer’s
disease, head injury, and pneumonia. Dysphagia 31 (3), 434-441. doi:10.1007/s00455-
016-9695-9

Van den Steen, L., Vanderwegen, J., Guns, C., Elen, R., De Bodt, M., and Van Nuffelen,
G. (2019). Tongue-strengthening exercises in healthy older adults: does exercise load
matter? A randomized controlled trial. Dysphagia 34 (3), 315-324. d0i:10.1007/s00455-
018-9940-5

Frontiers in Physiology

18

10.3389/fphys.2025.1623298

Van Roie, E., Bautmans, I., Coudyzer, W,, Boen, E, and Delecluse, C. (2015). Low-
and high-resistance exercise: long-term adherence and motivation among older adults.
Gerontology 61 (6), 551-560. doi:10.1159/000381473

Vose, A., Nonnenmacher, J., Singer, M. L., and Gonzélez-Fernandez, M. (2014).
Dysphagia management in acute and sub-acute stroke. Curr. Phys. Med. Rehabil. Rep. 2
(4), 197-206. d0i:10.1007/s40141-014-0061-2

Wang, T., Tai, J., Hu, R., Fan, S., Li, H., Zhu, Y,, et al. (2022). Effect of tongue-pressure
resistance training in poststroke dysphagia patients with oral motor dysfunction:
a randomized controlled trial. Am. J. Phys. Med. Rehabil. 101 (12), 1134-1138.
doi:10.1097/phm.0000000000001998

Xu, E, Bai, L., Dai, Z., and Cheng, H. (2023). Research hotspots and trends
in post-stroke dysphagia: a bibliometric analysis. Front. Neurosci. 17, 1275748.
doi:10.3389/fnins.2023.1275748

Zhang, B., Wong, K. P, Guo, C,, Chen, S. C,, Fu, S., Kang, R., et al. (2025). Effects of
non-pharmacological interventions on the swallowing function of patients with post-
stroke dysphagia: a systematic review and network meta-analysis. J. Oral Rehabil. 52 (1),
109-120. doi:10.1111/joor.13901

frontiersin.org


https://doi.org/10.3389/fphys.2025.1623298
https://doi.org/10.1007/s00455-016-9699-5
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.2174/1874609813999201110192221
https://doi.org/10.1007/s00455-016-9695-9
https://doi.org/10.1007/s00455-016-9695-9
https://doi.org/10.1007/s00455-018-9940-5
https://doi.org/10.1007/s00455-018-9940-5
https://doi.org/10.1159/000381473
https://doi.org/10.1007/s40141-014-0061-2
https://doi.org/10.1097/phm.0000000000001998
https://doi.org/10.3389/fnins.2023.1275748
https://doi.org/10.1111/joor.13901
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org

	1 Introduction
	2 Materials and methods
	2.1 Search strategy
	2.2 Eligibility criteria
	2.3 Data synthesis and analysis
	2.4 Statistical analysis
	2.5 Quality appraisal

	3 Results
	3.1 Study identification and selection
	3.2 Study characteristics
	3.3 Risk of bias
	3.4 Compliance with the ACSM recommendations
	3.5 Meta-analysis
	3.5.1 Swallowing function (positively oriented scores)
	3.5.2 Swallowing function (negatively oriented scores)
	3.5.3 Swallowing safety


	4 Discussion
	4.1 Positive effects of resistance movement on PSD
	4.2 Positive impacts of exercise with high adherence to ACSM guidelines
	4.3 Strengths and limitations of the study

	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References

