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Abstract

Purpose To investigate the dosages of swallowing exercises reported in intervention studies on post-stroke dysphagia through
systematic review.

Methods Five electronic databases were searched from inception until February 2022 with reference tracing of included
studies. Studies were included, where adults with post-stroke dysphagia received rehabilitative, behavioural swallowing
exercises, pre/post outcomes were reported, and intervention dosage was described in detail, including frequency, intensity,
time, and type of exercise. Two reviewers independently screened studies and rated quality using ASHA Levels of Evidence
tool. Data was tabulated and narratively described.

Results 54 studies were included with a total 1501 participants. Studies included 28 randomised controlled trials, 8 non-
randomised controlled trials, 12 pre/post studies, 3 retrospective case controls and 3 case studies. Results showed inconsist-
ent reporting of intervention dosage, with intensity the least consistently reported dosage component. While swallowing
intervention was most commonly provided five times per week for four weeks, there was a wide breadth of type, frequency,
intensity and duration of swallowing exercises reported. Dosage under-reporting and variation was particularly observed
in “standard care” co-interventions or control groups. Study strengths included following PRISMA guidelines, providing a
comprehensive review of swallowing exercise methodology and dosages, and including non-English studies. The limitation
was lack of meta-analysis due to the heterogeneity of included studies.

Conclusions Dosages of swallowing exercises are inconsistently reported and vary significantly in post-stroke dysphagia
studies. Results indicate the need for consistent and comprehensive dosage reporting in dysphagia studies, and for further
research into evidence-based principles to optimise swallowing exercise dosages.

Systematic review registration number 131294

Keywords Deglutition disorders - Stroke - Exercise therapy - Rehabilitation - Speech-language pathology - Systematic
review

Introduction

Dysphagia is a common and significant symptom following
stroke. Dysphagia, or swallowing difficulties, affect a third
to over two thirds of patients after stroke [1, 2]. Dysphagia
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causes medical complications, including increased hospi-
talisation, morbidity, and risk of aspiration pneumonia [3].
It is associated with poor psychosocial health outcomes,
such as reduced nutrition, hydration and quality of life [4].
Patients with dysphagia have longer lengths of hospital stay
and higher healthcare costs [5, 6].

Current management of dysphagia involves compensa-
tion and rehabilitation. Compensatory techniques—such as
chin tuck or modifying diet and fluid consistencies—enable
safe swallowing but do not alter long-term function [7].
Rehabilitative exercises, however, can improve swallowing
function and resumption of oral intake or normal food and
drink [7]. Rehabilitative exercises can be indirect (motor
without swallow) or direct (motor with swallow) [8]. Indirect

@ Springer


http://orcid.org/0000-0002-6940-6004
http://crossmark.crossref.org/dialog/?doi=10.1007/s00405-022-07735-7&domain=pdf

1018

European Archives of Oto-Rhino-Laryngology (2023) 280:1017-1045

exercises aim to strengthen muscles involved in swallowing,
and include the Shaker head-lift and tongue strengthening
exercises [9]. Direct exercises involve the action of swallow-
ing and include the Mendelsohn manoeuvre and effortful
swallow [9]. Studies have shown the positive effects of reha-
bilitative exercises on reducing the severity and symptoms
of post-stroke dysphagia [10].

However, there is limited understanding of the optimal
way to conduct swallowing exercises, particularly, the opti-
mal dosages of swallowing exercises. Dosage is an important
factor which can impact on intervention efficacy and effi-
ciency [11]. According to the American College of Sports
Medicine’s (ACSM) FITT framework, dosage consists of
Frequency (how often), Intensity (how hard), Time (how
long) and Type (what kind) of exercise [12]. Altering or
increasing these components of dosage can optimise exer-
cise or intervention outcomes, as seen in sports medicine
and stroke rehabilitation [13, 14]. However, there is limited
knowledge on what dosages to use for swallowing exercises.
Previous scoping and literature reviews have highlighted the
paucity of data regarding dosage recommendations in dys-
phagia intervention [9, 15]. This is reflected in surveys of
speech pathologists which indicate variability in the exer-
cises and dosages used to treat dysphagia [16].

The aim of this systematic review was to investigate what
dosages of swallowing exercises are reported in studies in
post-stroke dysphagia. To our knowledge, only one scoping
review has specifically examined the dosages of swallowing
exercises [15]. Our review was conducted to systematically
update the search with new studies. Given that interven-
tion dosage may vary depending on diagnosis, this review
focused on one of the most common causes of acquired
dysphagia: stroke [17]. This systematic review aimed to
investigate dosage reporting in research and describe cur-
rent swallowing exercise dosages in intervention studies to
guide clinicians when considering dosage prescription. The
findings can be used to identify areas for future research
in optimising dosage of swallowing exercises to facilitate
more cost-effective intervention, increased patient engage-
ment and improved outcomes.

Methods

This systematic review was conducted according to PRISMA
guidelines [18]. Prior to conducting the study, a protocol
was registered on PROSPERO (https://www.crd.york.ac.uk/
PROSPEROY/, registration number: 131294).

Eligibility criteria

Studies were included if: (i) they included adult participant/s
with dysphagia due to stroke, (ii) they examined
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rehabilitative, behavioural swallowing exercises, (iii) they
were a published intervention study, where pre/post out-
comes were reported, and (iv) they provided a detailed
description of the dosage of the rehabilitative exercise.
Only full-text published studies accessible through online
databases were included in this review. For the purpose of
this review, the ACSM FITT framework was used to spec-
ify the minimal elements required in a detailed description
of dosage [12]. Dosage description needed to include the
frequency (or number) of sessions, intensity or dose (at a
minimum, the number of repetitions of each exercise), inter-
vention duration and type of exercise. Stating the type of
exercise required the name and reference of a well-known
exercise, or a detailed description of the materials, proce-
dures, activities and/or processes involved in the exercise (as
per points 1-4 of the Template for Intervention Description
and Replication checklist) [19]. Studies were included even
if only a subset of participants matched inclusion criteria
(e.g., participants with dysphagia due to stroke and other
conditions). This review focused on methodology reporting,
not intervention effect, so type of outcome measure was not
an inclusion criterion. Outcome measures were collected
as reported, without limit. Studies in all languages were
included. Studies were excluded if they only applied passive
interventions, such as acupuncture, thermal—tactile stimula-
tion, compensatory strategies, or electrical stimulation (i.e.,
when not combined with active exercise), as these require
different dosages to behavioural exercises and were not the
focus of this review.

Search strategy and selection process

A comprehensive search of studies was conducted from
inception until 10 February 2022 using the electronic
databases: MEDLINE, Embase via Ovid, CINAHL, Web
of Science and SpeechBITE. The Medical Subject Head-
ing terms: “Deglutition, Deglutition Disorders, Pharynx
OR Pharyngeal Muscles” were combined with “Stroke
OR Cerebrovascular Disorders”; and “Exercise, Exercise
Therapy, Neurological Rehabilitation, Stroke Rehabilita-
tion OR Rehabilitation” along with free key word searches
of specific swallowing exercises. The search strategy was
developed in conjunction with a university librarian using
candidate search terms from two relevant studies. See Online
Appendices 1-3 for full search strategies for each database.
The reference lists of included studies were hand searched
to identify further studies.

Covidence software was used to remove duplicates and
double checked by the lead author [20]. Two reviewers inde-
pendently screened titles, abstracts, and eligible full text arti-
cles against inclusion criteria using Covidence software. Con-
flicts were resolved through discussion with a third reviewer.
Abstracts or full text studies which were not in English were
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translated by bilingual speakers. All members of the research
term agreed on the final studies included for review.

Data collection

Data was extracted from included studies by the lead author
using an Excel form and checked by a second reviewer. The
following data was extracted:

e Study author, year, and source of publication.

e Participant demographics (sample size, age, sex, inclu-
sion/exclusion criteria, length of time since stroke) and
participant diagnoses (cause of dysphagia, stroke type
and severity).

e Setting and study design (including study aims and inter-
vention groups).

e Dosage of swallowing exercises (type of exercises, any
reported intensity, frequency of sets/sessions and dura-
tion).

e All outcomes pre and post intervention (excluding fol-
low-up timepoints).

Risk of bias assessment

Included studies were assessed for quality by two independ-
ent reviewers using the American Speech-Language—Hear-
ing Association (ASHA) Levels of Evidence framework on
an online spreadsheet tool [21, 22]. The framework involved
rating studies against eight quality markers: blinding of
assessors, random sampling/allocation, group/participant
comparability, treatment fidelity, validity and reliability of
an outcome measure, whether significance was reported,
precision of effect size and/or confidence interval and analy-
sis by intent-to-treat. Each quality marker contributed to one
point in an overall quality score. A quality score of 7-8 was
considered high quality, 5-6 good quality and <4 low qual-
ity [21]. Conflicts were resolved through discussion with a
third reviewer.

Summary measures

Information about participants, swallowing exercises,
reported dosages and outcome measures was collated into
two summary tables. Tables were organised alphabetically
by exercise type to allow comparison of swallowing exer-
cise dosages. When summary data was missing or in a dif-
ferent form, means and standard deviations were estimated
using Hozo et al. or Wan et al.’s methods [23, 24]. Effect
sizes (Hedges’ g) were calculated for pre—post changes in
continuous data for swallowing intervention groups using
an online effect size calculator [25]. Hedges’ g effect sizes
can be interpreted as 0.2 =small effect, 0.5 = medium effect,
0.8 =large effect [26]. Meta-analysis could not be conducted

due to heterogeneity of study designs, interventions, dos-
ages, and outcome measures, and was not necessary to
address study objectives.

Results

The initial search resulted in 7263 studies. After duplicates
were removed, 4835 studies were screened for inclusion. Of
these, 54 studies passed full text review (Fig. 1).

Participant characteristics

Within the 54 included studies were a total of 1501 par-
ticipants with an average age of 65.8 years. Study sample
sizes ranged from one [27-30] to 90 [31] participants.
Seven studies had mixed caseloads, including patients with
dysphagia due to cancer, brain injury, degenerative and/or
cardiac conditions [32—38]. The remaining studies included
participants with stroke-related dysphagia only, with a vari-
ety of stroke types, locations, and severities. Eleven stud-
ies included ischemic stroke only [30, 31, 37, 39-46] and
sixteen studies included both ischemic and haemorrhagic
stroke [47-55, 57-60, 71, 72, 81]. Nine studies examined
supratentorial strokes [41, 42, 4648, 57, 58, 61, 62], six
studies examined infratentorial strokes [27-30, 56, 63] and
twelve studies included both supratentorial and infratento-
rial strokes [40, 45, 51, 59, 60, 6469, 81]. Seven studies did
not report stroke type or location. Only two studies reported
stroke severity scores [30, 37].

The length of time between stroke and commencement of
intervention was reported in 50 studies. Twenty-five studies
were conducted within 6 months after stroke, 16 conducted
more than 6 months after stroke and nine studies included
participants across a range of time periods post-stroke. See
Tables 1 and 2 for sample sizes, participant ages, and length
of time between stroke and onset of intervention as reported
in each study.

Study characteristics

There were 28 randomised controlled trials, eight non-ran-
domised controlled trials, three retrospective case controls,
twelve pre/post case series and three case studies. Studies
were published from 2002 [38] to 2022 [46]. See Online
Appendix 4 for study designs.

Dosages of swallowing exercises

Exercise type

Fourteen different swallowing exercises and twelve different
swallowing programs were described in the included studies.
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Fig.1 PRISMA flow diagram

Eleven studies investigated indirect oral exercises, includ-
ing lip exercises, tongue exercises and an orofacial exercise
program. Twenty-eight studies investigated indirect pharyn-
geal exercises, including Shaker head lift, expiratory mus-
cle strength training and chin tuck against resistance. Ten
studies investigated direct swallowing exercises, most com-
monly the Mendelsohn manoeuvre and effortful swallow.
Twelve studies examined a combined swallowing program.
Some studies examined more than one intervention. The
most reported exercise was Shaker head lift (investigated in
ten studies). See Table 1 for single swallowing exercises in
included studies (including swallowing exercises, dosages,
outcome measures and effect sizes), Table 2 for combined
swallowing programs and Table 3 for definitions of common
exercises.

In general, exercise type was well-reported but varied
between studies. Studies named specific exercises or pro-
vided detailed descriptions of how to conduct exercises (as
per inclusion criteria). Consistent descriptions were mostly
used when replicating the same exercises. For example,
studies examining Shaker head lift all involved patients lift-
ing their heads to look at their feet while in supine posi-
tion. However, there was variation in devices and variation

@ Springer

between combined exercise programs. In studies investigat-
ing single exercises, such as chin tuck against resistance,
jaw opening and lip training, the main variations were in
the use of devices. For example, the jaw opening exercise
was described with four different types of resistance: none,
against a trainer’s hand, against a jaw opening device, or
against a ball. In studies investigating combined interven-
tion programs, there was variation in which exercises were
included. While all combined programs included orofacial
exercises, they varied in whether they included pharyngeal
exercises, swallowing with or without real boluses and
breathing exercises.

Frequency

Frequency of intervention was well-reported but varied
between studies. Frequency was consistently described by
the number of sets per day and/or number of days per week
of intervention. Most studies conducted intervention five
times per week (30 out of 54 studies). However, frequency
ranged from one to ten sets per day, and from one time per
fortnight to seven times per week [31, 36].
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Intensity

Studies varied in intensity and in how they reported inten-
sity. All studies reported the number of repetitions of each
exercise (as per inclusion criteria). Nine studies reported
both number of repetitions and length of sessions [28, 34,
39-42, 70, 80, 88]. Total exercise repetitions ranged from 3
to 411 repetitions per session [48, 57, 75, 89] and from 7 to
500 repetitions per day [50, 60].

Seventeen studies reported intensity as a percentage
of one-repetition maximum (with one-repetition maxi-
mum [1-RM] defined as the maximum resistance that can
be applied to one exercise repetition through full range of
motion) [12]. Indirect strengthening or accuracy exercises
using devices—most commonly expiratory muscle strength
training and tongue strengthening exercises—were more
likely to report a specific intensity level. All expiratory
muscle strength training studies specified exercise inten-
sity, but targets ranged from 30% to>70% of 1-RM. Six
tongue strengthening exercises specified a target intensity of
either 60% or 80% of 1-RM for strengthening and between
25% and 85% of 1-RM for accuracy training. For chin tuck
against resistance, game-based biofeedback, jaw opening,
Mendelsohn and Intensive Dysphagia Rehabilitation, one
study per intervention specified a target intensity, e.g., 70%
of 1-RM with a device.

Intensity of swallowing exercises was otherwise reported
and measured in different ways. Many studies used qualita-
tive descriptions of effort (e.g., “as hard as possible”, “to
maximum extent”) [39, 73]. Biofeedback (e.g., surface elec-
tromyography) with set targets was used in four studies to
set specific intensity levels [28, 66, 72, 78]. External resist-
ance was used in around 12 studies with varying forms of
resistance depending on the exercise type. Intensity or task
difficulty was increased in some studies through increas-
ing length of holds, number of repetitions or changing the
amount or substance being swallowed [33, 36, 57]. See
Table 4 for different ways swallowing exercise intensity was
reported in studies.

Time

Time, or duration, of intervention was reported as the
number of days, weeks, or months of intervention. Most
studies had an intervention duration of 4 weeks (22 stud-
ies), or 6 weeks (12 studies). However, across all studies,
duration ranged from 6 days to 12 weeks [41, 42, 69, 70].
Three studies reported duration based on performance (e.g.,
once patients were no longer tube feeding) [36, 43, 63]. See
Tables 1 and 2 for detailed exercise dosages reported in
included studies.

Standard care

Around half (27) of included studies provided some form
of standard care additional to their experimental interven-
tion, either given to a control group for comparison or used
as a co-intervention in both groups. Synonymous terms
were used to describe this baseline intervention, includ-
ing “conventional dysphagia therapy”, “traditional dys-
phagia therapy”, “regular” or “routine” training. While all
included studies described the dosage of the experimental
intervention in detail, the same level of detail was not used
when describing the dosage of interventions in standard
care. Most studies used general terms (e.g., orofacial mus-
cle exercises, therapeutic manoeuvres) to describe what
was involved in standard care rather than naming specific
exercises. Most studies stated the length of intervention
time provided in standard care groups but not the number
of exercise repetitions and no other measures of intensity.
Standard care was typically provided for 30 min, 5 days
per week for 4 weeks. However overall, in studies that
described exercises, there was variation in which exercises
were included in “standard care” and in their dosages. See
Table 5 for details on interventions and dosages used in
“standard care” groups.

Reported rationales for dosage prescription

Only five studies specifically described an evidence-based
rationale for their dosage. The recommended dosage for
strength training drawn from limb rehabilitation research
(i.e., ten repetitions, three times per day, 3 days per week
for 8 weeks) [90] was applied to tongue strengthening exer-
cises [27, 68] and effortful swallowing [62]. Two studies
provided a high dosage of intervention, derived from princi-
ples of neural plasticity and/or exercise physiology [33, 78].
One crossover study investigating a high-intensity program
with Mendelsohn manoeuvre showed improved outcomes
on treatment weeks compared to non-treatment weeks, and
with 2 weeks of intervention compared to 1 week [78]. No
other studies in this review specifically compared different
dosages of the same intervention.

Outcome measures

There was a wide range of different outcome measures used.
Within 54 studies, 52 different outcome measures were
used. The most commonly reported outcome measure was
the Penetration—Aspiration Scale [91] (used in 23 studies)
which rates depth and severity at which food or drink is
aspirated into the airway. The next most commonly used
measures were the Functional Oral Intake Scale [92] (12
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studies) which rates level of oral intake, hyoid displacement/
elevation (ten studies) and maximal tongue strength (nine
studies). See Tables 1 and 2 for outcome measures used in
included studies.

Risk of bias

There were 12 studies of high quality, 25 good quality
and 17 low quality. Studies generally performed well on
having similar groups and participants, using a valid and
reasonable outcome measure, and reporting significance,
effect size and confidence interval. The quality markers
that were least often observed were blinding of assessors,
randomised sampling, treatment fidelity and intention-to-
treat analysis. See Online Appendix 4 for quality ratings
for each study.

Discussion

This systematic review found that overall, the dosages of
swallowing exercises in post-stroke dysphagia studies were
poorly reported, and when reported, varied significantly.
Most post-stroke dysphagia studies were excluded from
review due to under-reporting of exercise dosage, particu-
larly intensity. While swallowing intervention was often
provided five times per week for 4 weeks, there was a wide
breadth of different exercises, frequencies, durations and
intensities of intervention, with a range of different study
designs and outcome measures. Variation between studies
may have been due to arbitrary selection of intervention dos-
age, with few studies reporting a rationale for their dosage.
Due to the heterogeneity of results, it was difficult to deter-
mine optimal dosages of swallowing exercises. Despite a
growing awareness of the importance of dosage, more work
is needed to improve consistency of dosage reporting and
identify evidence-based principles to optimise prescription
of swallowing exercise dosages.

To investigate dosages of swallowing exercises, we
needed to identify if dosages were reported in studies. One
hundred and forty-six studies were excluded due to not
providing a detailed description of swallowing exercises.
Only 27% of the 200 studies which matched the first three
inclusion criteria (i.e., rehabilitative intervention studies in
post-stroke dysphagia) reported frequency, intensity, time, or
type of intervention in detail, and were included for review.
Even within included studies, most studies only described
the dosage of the experimental intervention in detail but not
the dosage of the non-experimental or control intervention.
These findings reveal an under-reporting of dosage in post-
stroke dysphagia studies. Poor reporting of interventions
and dosages prevents reliable implementation, comparison
and replication of interventions [19]. Evidence suggests that

@ Springer

this is an issue that extends beyond dysphagia research [93,
94]. The disproportionate under-reporting of control group
interventions has also been highlighted in stroke rehabilita-
tion studies [95]. While checklists exist to improve reporting
of interventions [19, 96], specific guidelines around com-
prehensive dosage reporting would further improve study
reporting.

Better reporting and measurement of intensity of swal-
lowing exercises is needed. Most studies excluded for not
providing a detailed description of dosage did not report
intensity. Within included studies with dosage descrip-
tions, exercise type, frequency and duration were relatively
well-reported compared to intensity. Intensity is defined
as how hard or how much effort an exercise involves [12].
The methods used by studies in this review may provide a
starting point when considering how to measure, change
and report on swallowing exercise intensity (see Table 4).
Number of exercise repetitions provides some indication
of intensity but does not describe amount of effort [97].
Providing both exercise repetitions and session length (as
reported in nine studies) allows calculation of dosage rate,
which contributes to intensity [98]. Qualitative descriptors
(e.g., “as hard as you can”) or patient rating scales [99] can
indicate subjective level of effort. Exercises using devices
can set specific intensity levels as percentages of 1-RM,
in a similar format to limb training. However, there was
still significant variation in how intensity was measured,
and many swallowing exercises did not have routine ways
to set or measure intensity, such as a Masako manoeu-
vre, or head lift exercise (see Table 3 for explanations of
these exercises). To properly quantify dosages, further
work is needed to identify consistent methods to set and
report exercise intensity for the wide range of swallowing
exercises.

Examining studies that did report dosage showed signifi-
cant variation in dosages of swallowing exercises in both
experimental and standard care interventions. A wide range
of different exercises were used, and there was variation
in dosage across different swallowing exercises, similar
to findings in a previous review [15]. This variation was
also observed in standard care, or “conventional” or “tra-
ditional dysphagia therapy”. While a similar repertoire of
exercises was used, the combination of exercises and dos-
ages involved in standard care varied between studies. This
variation in exercise selection and dosage is reflected in sur-
veys of speech pathologists, which show no true “standard
care” in dysphagia management [16]. While some variation
is inherent to dysphagia intervention, using different forms
of standard care in studies impacts on the ability to com-
pare and determine relative intervention efficacies [96, 100].
Consistency in “standard care” is needed for a stable base-
line in research. Evidence-based guidelines and rationales
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Table 3 Descriptions of common swallowing exercises

Swallowing exercise

Description of exercise

Target of the exercise

Indirect exercises
Chin tuck against resistance (CTAR) [83]

Expiratory muscle strength training (EMST)

an EMST device
Jaw opening exercise

Oral-motor or orofacial muscle exercises

A variation of the Shaker exercise that
involves pressing the chin downwards
against resistance in a seated position

Blow with force to generate high expiratory

[67] pressures against adjustable resistance with

Open the jaw with/without resistance

Exercises involving moving oral muscles
(typically lips, tongue and jaw) as far as pos-

Strengthen suprahyoid muscles to improve
hyoid excursion and upper oesophageal
sphincter opening

Strengthen expiratory muscles and suprahyoid
muscles to improve cough strength and hyoid
excursion

Strengthen suprahyoid muscles to improve
hyoid excursion

Improve the range-of-movement, strength and/
or co-ordination of oral muscles

sible, as strongly as possible with/without
resistance or as quickly as possible

Shaker head lift [38]
supine position

Direct exercises
Effortful swallow [84]

Masako [85]
Mendelsohn maneuver [86]

of a swallow

Supraglottic swallow [87]

Raise the head to look at the toes while in

Swallow as hard as possible

Protrude the tongue and hold it between the
teeth while swallowing

Take a breath and hold it, swallow while

Strengthen suprahyoid muscles to improve
upper oesophageal sphincter opening

Improve hyoid excursion, tongue base retraction
and pharyngeal constriction

Improve anterior movement of the posterior
pharyngeal wall

Prolong the elevation of the larynx at the peak Increase hyolaryngeal elevation and duration of

upper oesophageal sphincter opening
Improve airway protection

holding the breath and cough immediately

post-swallow

for setting intervention dosages are also needed to reduce
unwarranted variation in clinical care.

Studies in this review appeared to have different ration-
ales for dosage prescription. Only five studies specifically
provided a rationale for their dosage prescription, drawn
from strength-training in limb exercises and neural plastic-
ity principles. Most commonly, studies appeared to repli-
cate dosages from previous studies. This was seen in the
Shaker exercise, where seven out of nine studies used the
same 30 isotonic and three 60-s isometric head lifts used in
the pioneering article [38]. Convenience also appeared to
be a contributing factor. Most studies provided intervention
five times per week, likely catering to typical working days
rather than rehabilitation need. Overall, there was lack of
evidence-based rationales for dosage prescription, similar to
findings in stroke rehabilitation literature [101]. Transparent
reporting of the rationale for dosage prescription in studies
could facilitate better consideration of dosage selection and
allow readers to understand the reasoning of researchers.
The use of strength-training and neural plasticity principles
offer some direction when considering rationales for swal-
lowing exercise dosages. These principles include specificity
(targeting swallow-specific exercises), increasing the volume

@ Springer

of intervention and introducing resistive loading to swallow-
ing exercises [102—104].

This study had several strengths and weaknesses.
The strengths included the systematic approach follow-
ing PRISMA guidelines. The review followed ethical
guidelines, including pre-registering a protocol. The
comprehensive search strategy, and inclusion of studies
without limitations on language or study design, gener-
ated a high number of studies. Study selection included
blinded screening and quality assessment of studies by
two independent authors to reduce bias. Further, findings
included measures of effect size despite the heterogene-
ity of results. The limitations in this systematic review
were related to the quality and heterogeneity of studies.
To capture all swallowing exercises and dosages used in
stroke rehabilitation, all study designs and quality ratings
were included and there was no specification of outcome
measures. This allowed a more thorough investigation of
the topic, but may have introduced biases [105]. Using a
less well-known quality appraisal tool to cater for various
study designs may have also impacted on quality assess-
ment. Finally, the focus on intervention methodology
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Table 4 Ways that intensity of swallowing exercises was reported or varied in studies

Swallowing exercise

Different ways intensity was reported or varied

Chin tuck against resistance (CTAR)

Verbal description, e.g., “as far as possible” [31], “as strongly as possible” [52]

Use of external resistance, e.g., device [52, 71], resistance bar [72], ball [31]
Game-based feedback at certain percentage of 1-RM [72]

Effortful swallowing
EMST/breathing exercises

Verbal description, e.g., “as hard as possible” [73], “as forcefully as possible” [62]
Expiratory pressure set on device [50, 64, 65, 67]

Verbal description, e.g., “deep and forceful breaths” “fast and forcefully”

Jaw opening

Against external resistance (e.g., ball, device) [54, 58, 74]

Against trainer’s hand at set percentage of maximum voluntary contraction using SEMG feedback [66]
Verbal description, e.g., to “maximum extent” [35]

Lip exercises

Gradually increasing external resistance, e.g., pulling force on oral screen [75], oral device [59]

Percentage of maximum pressure with IOPI [76]

Mendelsohn
Use of SEMG feedback [78]

Increasing length of laryngeal excursion [36]

Verbal description, e.g., swallow “long and strong” [78]

PNF-based exercises

Swallowing
[28]

Tester providing resistance in opposite direction to jaw or neck movement [79]
Percentage of maximum pressure and different lengths of swallow hold using game-based biofeedback

Against resistance from kinesiology taping [60]
Gradually increasing amount of food to be swallowed [57]

Tongue strengthening

Percentage of maximum pressure with IOPI or MOST, ranging from 60% to 80% [27, 49, 51, 68, 69]

Verbal description, e.g., “press strongly” [62] or “as hard as possible” against roof of mouth [29]

Therapeutic programs

Use of external resistance, e.g., external force pushing in opposite direction [56, 82]

Increasing training target goals, repetitions, or duration [33]
Move from passive to active exercise and/or increasing amount of activity [57]
Verbal description, e.g., “as much as possible” [39], “very hard” [34, 44]

1-RM 1-repetition maximum, CTAR chin tuck against resistance, EMST expiratory muscle strength training, /OPIIowa Oral Performance Instru-
ment, MOSTMadison Oral Strengthening Therapeutic device, PNF Proprioceptive Neuromuscular Facilitation, sEMG surface electromyography

rather than outcome precluded in-depth statistical analysis
or data synthesis.

Conclusions

Dosage is important in exercise-based intervention. There is
increasing awareness of the importance of intentional dosage
prescription and reporting in research. However, this review
indicates that further work is needed to improve consistent
dosage reporting and evidence-based dosage prescription in
post-stroke dysphagia studies.

Uniform terminology and frameworks are needed to
improve consistent and comprehensive dosage reporting
across the field. Current frameworks can be used when pre-
scribing and reporting on dosage [11, 12, 15, 106]. Meth-
ods used by studies in this review could help guide setting
and reporting of intensity in clinical practice. Given the
variable reporting of exercise types and dosages, clinicians

should pay careful attention to the descriptions of exercises
and dosages in studies when replicating or evaluating new
interventions. More consistent dosage reporting within
studies will improve quality and useability of studies and
facilitate reproducibility, comparison, and synthesis of
research.

Further work is also needed to improve evidence-
based dosage prescription. Current evidence (such as
strength training and neural plasticity principles) can
be considered along with clinical reasoning to guide
dosage prescription. However, more research is needed
to examine which principles are applicable to dyspha-
gia rehabilitation. Future research could investigate the
impact of altering different components of dosage, such
as comparing similar interventions provided at different
dosages. Improved dosage reporting, and evidence-based
dosage prescription has the potential to improve interven-
tion efficacy and outcomes for patients with post-stroke
dysphagia.

@ Springer



European Archives of Oto-Rhino-Laryngology (2023) 280:1017-1045

1040

Sym g M/XG ‘Aep/Xg

M p AM/XG
AN AN
(D) £ep

/X01 “(dS

SIM9 M) Yay/XT

IN UN
Sym 9 AM/XG
M Am/Xg
SyM 9 AM/XG

IN IN

SyM ¢ AM/XG

M 9 Kep/Xg “ym/x/
Sym AM/X¢G

SyM 9 AM/Xg

S AM/XS

ur ¢

ut g

Kep 19d 195 G ‘X9 yora pPlOY S |

un g

AN

Smo[rems G1—QT ‘Yoea sdox ¢
AN
ur O¢

AN

ye

yoea sdax
um Og

umr og

ut Oo¢

MO[[EMS [NJIIOYS ‘QIANSOUBW UYOS[OPUIA
Q1andouew orjo[3eadns
pue MO[[EMS [NJIIOLS ‘QIANSOUBW UYOS[OPUIA
‘uone[NWNS 9[1IOB)}—[BWLIAY) ‘SISIOINXD [BIORJOID
MO[[EMS [NJII0JJO pue UYOS[OPUSIA ‘Onjo[Jerdns
-1adng "uonisod aseq an3uo) Surpjoy ‘Sur3res
‘uonisod umeA swonxa Jurpjoy ‘vrqissod se
Iej se yjnow 2y} ur joeq anguo) Surnd ‘onasyeq
(uonisod payoerar
ur on3uo) p[oy pue J[31e3 ‘umeA yoeq an3uo)
pioy pue [[nd) sasio1oxe 1,0 ‘@IAndourw
UYOS[SPUIIA ‘Mo[ems orporseidns-radng

QIANQOURW O110[
-e1dns 10 SUIMO[[EMS [NJIIOJS ‘QIANOUBWT
UYOS[OPUIJAl ‘UOTIR[NWINS J[1}0BI—[CWLISY)
‘SOSI0IOXA [B10BJOIO0 ‘JuawoSeuew angney A
-[1qour [[em 3sayd Jun{oayd ‘onbruyo9) y3nod
Suraordwr ‘Jonuods Suryiealq ‘Jururer) [BIn}sod
uone[nuIns
8011090 ‘Fururen; S[osnw A10jeonsew ‘Sururen)
uonendsar ‘Smof[ems ‘UOTB[NWTIS AT ‘SISIOIIXD
QOUR)ISISAI PUB sjuawdAOW an3uo) pue dif aAnoYy
SOIANQOUBW SNOLIBA
pue 93essew [BIoB] ‘UONB[NWINS [1}0B)}—[eWIdY],
sSururen A1oyesuadwos snorrea pue
uope[nWs JNIe)-[BWIAY) ‘OFesseul [BIOR] [BI0)
$9S10IXd JNOY ‘(uyos
-[OPURIA ¢3°9) sa1anoouewW oP1oads-Fuimorems
SISIOIOXD
[©10 PSI[ENPIAIPUI ‘SAIANIOULRW SUIMO[[BMS
‘erdeydsAp jo juowoFeurw-J[as J0j UONEINPH
MO[[BMS PUB 193] YOI10 ‘yinowr uado
SB 1ons ‘S3SIOIAXA YINOW Pue UOISU)X? anFuo],
AN
$951010X3 Sururen} A10}esuadwod snoLrea pue
‘uone[nWINs 9[1oB)}—[BWLIAY) ‘A3eSSew [e1ovj—[e10
so1AndoUBW

K1038suadwod 1o onnadeIdy) pue uoneNWNS
9[1oBI-[RULIAY) ‘SISIOIIX A[OSNUI [BIORJOID)

DS sA DS+ 1VSdL

OS sa LSINA

DS SA 19yeyS

DS SA 19yeYS

DS SA DS + Jururern posnw A10jerdsay

DS sA axmoundnoe + uoneieip
uoo[[eq sA a1njoundnoe sA UOTBIR[IP UOO[[eyg

DS sADS+1ddL

S $A DS +YVLD PAYIPON

DS + Adexoyy OY¥4-T :Apnis ase)

S sA DS+ SHIAN + LINAT Weys sa DS+ LINAIL

S SA DS +YVLD sA DS +Io3eys
OS + LSINY weys sa 5§+ LSINA

DS +I93eYS SA DS + os1010%a Suruado mer

OS sA IoyeYS

[161(8100) T8 10 uOON

[061 (L10D) 'T& 10 uoON

[¥€] (6007) ‘T2 10 Tuedapy

[2€] (6007) ‘T2 12 uuewosor]

(<1 (0202) Te 10 mer]

[96]1 (6102) 'Te10 17T
[19] (L1T0T) "Te 10 wiry]
[1L] (6107) red pue wry

[£2] (€100) 'Te 10 veng

[£€] (L10T) 'Te 10 BlOS-UA[IND

[1€] (aL10¢) Sueyz pue oen
[+91 (L102) T 10 wog

[8¢1 (020D) T8 10 1oYD

[L¥] (L10D) T8 10 104D

uoneIn( Kouanbarg

Kysuayug

Q185 pIepue)s Jo dFesoq

QIeD pIEpuE)S Ul papIA0Id suoTuaAIU]

sdnoi3 Apmg

Apmgs

SUONUAAIUI-0D Sk 10 sdnoi3 [onuod ur pasn eieydsAp 10J (OS) 2180 pIepuels,, JO SAFeSOp pue SUONUIAINU] § d|qel

pringer

Qs



1041

European Archives of Oto-Rhino-Laryngology (2023) 280:1017-1045

Yoam 1ad sAep Jo roquunu Kj10ads jou pip nq Aep 1od utw O¢ pajels Apms,

S/ S/YM ‘snsIaA sa ‘1a10uryds readeydose reddn g7y ‘Sururern souejsisar ojered-03-on3uo) 7y d 7
‘Fururen Aoenooe pue yiduans anssaid an3uol Jysdz Isi3ojoyred yooads gg ‘9red prepueisHS ‘spuodass ‘uonow jo afuel oy ‘suonnadaisdas ‘uonejiqeyargnyas ‘pariodal JouypN ‘uone|
-NWIS [BOLI}O9]0 JB[NOSNWOINAUSFHN ‘Sururen; sposnwt A1ojeridxs Aroyendsur gy ‘9s1o1oxaxa ‘Sururer) yiduans oposnut A1ojesrdxo 7Sy ‘9oue)sIsal jsurede yonl uryo yyz) ‘Apuspuadopur(y)

SYM § Kep/X1
M § AN

M ¢ ABP/XT YM/XS

UOT)B[NWITIS 9JTAJP JUSUW

urw 0p—Q¢ -1ean erSeydsAp ‘uone[nuWIs Pod qems u0jjod 9]

(syea1q §) yoeo sdax
ur Oo¢
‘goea sdax ]

SOSIOIOXD S[OSNU JEOIY) ‘SISID
-19%a SuryjeaIq ‘SaSIoIoxXa J0jeuroonq pue ansuoy,

uonejol peay pue mofrems dnjojJerdns
9IANQOUL UYOS[OPUIJA ‘MO[[eMS [NJIIOFH

sonbruyo9) A10)

Sururen qeyar+ Surpagy [eseu
JUANIULIDI SA DS + Sur[[ompur SuIpasy [eseN

DS sA DS +amoundnoy

DS $A DS + UOnEIE[IP UOO[[eq PIYIPON
DS + S9S1010X9 Q0UR

[LS1(6100) Te 10 noyz
[#¥] (6102) T 10 Surx

[€9] (L10T) 'Te 30 Tom

sym 7] AN Kep 1od utwa ¢ -esuadwod pue JUIUAYITUANS A[OSNW UONNN[FAT  -[Bq SUINIS SA DS + SISIOTIX ILIJOWOST [BIIAIY)) [0£] (8102) e 3@ stuno[d
SoIANQOUBW
K10yesuadwod 10 onnaderay) pue ‘uonenWNS
SYM AM/XS uru ()¢ 9[NOB)—[RULIAY) ‘SISIOIIXA J[OSNUW [BIOBJOIO) DS +0qaoeld sa DS + Sutuado mel oATISISOY [681 (0202) ‘Te 1@ Yed
Sururen A1oyeardxa ‘SO1)s 901 UISN UOTR[NWITIS DS+ 3ur
SYM NM/XS uru (¢ 9[OB)—[BULIAY) ‘SISIOIIXS J[OSNW [RIOBJOIO) -MO[[BMS BAI[ES SA DS + Surmoems [njIoyg [291 (6102) ‘Te 3@ ed
(opom uryd ‘uonyejor ‘Sunn
peay “3-9) sSururen A1ojesuadwos snorrea pue
M AN Aep 1od utwr ¢ TOTRNWINS S[IIORI-[EULIAY) ‘OFESSEUI [RIOR] [RIQ DS +IRYS SA DS +YVILD Paseq-awe) [2L] (6107) Te 10 Yred
N N AN Suruoyi3uans 9[osnw ‘uone[NWISs AI0SUIS DS + SutuoypSuens drp [92] (8102) & 3@ Ied
seIANQOUBW
K103Bsuadwod 1o onnaderay) pue ‘uonenWINs
SyM 1 AM/XG um Og S[NoLI-[RWLIAY) ‘SISIOIAXD J[OSNW [BIORIOIQ OS sADS+UVID [zS1 (8107) Te 10 T
Sym 9 AM/XG um Og AN DS sA 0§ + SutuoyiSuans an3uo, [6¥]1 (STOT) Te 10 JTed
S9SI0IOXd
9N3uo) pue JUAWIAOW [eoZUAIR] ‘UONB[NWNS
M § NM/XG uru (¢ Suimoq Tejered ‘eSessew o[osnuw [e108JOI0 DS +9s1010%x9 Suruado mef [#L] (L102) ‘T8 P YO
uonen( Kouonbai Kysuajuy

QIed pIepue)s Jo dFesoq

dIeO pIEpue)s Ul papraoid suoruaAIul

sdnoi3 Apmg

Apmgs

(ponunuoo) g sjqey

pringer

a's



1042

European Archives of Oto-Rhino-Laryngology (2023) 280:1017-1045

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00405-022-07735-7.

Acknowledgements The authors would like to thank Ms Becky Quig-
ley, Ms Brenda Wu, Ms Le Nghi Do and Dr Allan Fu for their help in
translating Mandarin and Japanese articles; and Ms Kanchana Ekanay-
ake for her assistance in database searches.

Author contributions All authors contributed to the concept and design
of the study, conducted data screening, reviewed data extraction and
completed quality appraisal. Jacinda Choy completed the search, data
extraction and first draft of the manuscript. Hans Bogaardt, Fereshteh
Pourkazemi and Caitlin Anderson provided supervision and critical
revision. All authors read and approved the final manuscript.

Funding Open Access funding enabled and organized by CAUL and
its Member Institutions.

Data availability The data that support the findings of this study are
available from the corresponding author upon reasonable request.

Declarations

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethical approval This is a review article that does not require ethical
approval.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Falsetti P, Acciai C, Palilla R, Bosi M, Carpinteri F, Zingarelli
A, Pedace C, Lenzi L (2009) Oropharyngeal dysphagia after
stroke: incidence, diagnosis, and clinical predictors in patients
admitted to a neurorehabilitation unit. J Stroke Cerebrovasc Dis
18(5):329-335

2. Mann G, Hankey GJ, Cameron D (2000) Swallowing disorders
following acute stroke: prevalence and diagnostic accuracy. Cer-
ebrovasc Dis 10(5):380-386

3. Singh S, Hamdy S (2006) Dysphagia in stroke patients. Postgrad
Med J 82(968):383-391

4. Foley NC, Martin RE, Salter KL, Teasell RW (2009) A review of
the relationship between dysphagia and malnutrition following
stroke. J Rehabil Med 41(9):707-713

5. Altman KW, Yu GP, Schaefer SD (2010) Consequence of dys-
phagia in the hospitalized patient: impact on prognosis and hos-
pital resources. Arch Otolaryngol Head Neck Surg 136(8):784—
789. https://doi.org/10.1001/archoto.2010.129

6. Attrill S, White S, Murray J, Hammond S, Doeltgen S (2018)
Impact of oropharyngeal dysphagia on healthcare cost and length

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

of stay in hospital: a systematic review. BMC Health Serv Res
18(1):594

Cabib C, Ortega O, Kumru H, Palomeras E, Vilardell N, Alvarez-
Berdugo D, Clavé P (2016) Neurorehabilitation strategies for
poststroke oropharyngeal dysphagia: from compensation to the
recovery of swallowing function. Ann N'Y Acad Sci. https://doi.
org/10.1111/nyas.13135

Langmore SE, Pisegna JM (2015) Efficacy of exercises to reha-
bilitate dysphagia: a critique of the literature. Int J Speech Lang
Pathol 17(3):222-229. https://doi.org/10.3109/17549507.2015.
1024171

Easterling C (2017) 25 Years of dysphagia rehabilitation: what
have we done, what are we doing, and where are we going? Dys-
phagia 32(1):50-54

Bath PM, Lee HS, Everton LF (2018) Swallowing therapy for
dysphagia in acute and subacute stroke. Cochrane Database Syst
Rev 10:CD000323. https://doi.org/10.1002/14651858.CD000
323.pub3

Warren SF, Fey ME, Yoder PJ (2007) Differential treatment
intensity research: a missing link to creating optimally effective
communication interventions. Ment Retard and Dev Disabil Res
Rev 13(1):70-77

Pescatello LS, Riebe D, Thompson PD (2014) ACSM’s guide-
lines for exercise testing and prescription. Lippincott Williams
& Wilkins

Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte
MI, Lee I-M, Nieman DC, Swain DP (2011) American Col-
lege 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

Billinger SA, Arena R, Bernhardt J, Eng JJ, Franklin BA,
Johnson CM, MacKay-Lyons M, Macko RF, Mead GE, Roth
EJ (2014) Physical activity and exercise recommendations for
stroke survivors: a statement for healthcare professionals from
the American Heart Association/American Stroke Association.
Stroke 45(8):2532-2553

Krekeler BN, Rowe LM, Connor NP (2020) Dose in exercise-
based dysphagia therapies: a scoping review. Dysphagia. https://
doi.org/10.1007/s00455-020-10104-3

Carnaby GD, Harenberg L (2013) What is “usual care” in
dysphagia rehabilitation: a survey of USA dysphagia practice
patterns. Dysphagia 28(4):567-574. https://doi.org/10.1007/
s00455-013-9467-8

Kuo P, Holloway RH, Nguyen NQ (2012) Current and future
techniques in the evaluation of dysphagia. J Gastroenterol Hepa-
tol (Australia) 27(5):873-881. https://doi.org/10.1111/j.1440-
1746.2012.07097.x

Moher D, Altman DG, Liberati A, Tetzlaff J (2011) PRISMA
statement. Epidemiology 22(1):128

Hoffmann T, Glasziou P, Boutron I, Milne R, Perera R, Moher D,
Altman D, Barbour V, Macdonald H, Johnston M (2016) Better
reporting of interventions: template for intervention description
and replication (TIDieR) checklist and guide. Gesundheitswesen
(Bundesverband der Arzte des Offentlichen Gesundheitsdienstes
(Germany)) 78(3):175-188

Covidence systematic review software. Veritas Health Innova-
tion, Melbourne, Australia. https://www.covidence.org. Accessed
22 Mar 2022

Mullen R (2007) The state of the evidence: ASHA develops lev-
els of evidence for communication sciences and disorders. The
ASHA Leader 12(3):8-25

Cherney LR, Patterson JP, Raymer A, Frymark T, Schooling T
(2008) Evidence-based systematic review: effects of intensity of


https://doi.org/10.1007/s00405-022-07735-7
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1001/archoto.2010.129
https://doi.org/10.1111/nyas.13135
https://doi.org/10.1111/nyas.13135
https://doi.org/10.3109/17549507.2015.1024171
https://doi.org/10.3109/17549507.2015.1024171
https://doi.org/10.1002/14651858.CD000323.pub3
https://doi.org/10.1002/14651858.CD000323.pub3
https://doi.org/10.1007/s00455-020-10104-3
https://doi.org/10.1007/s00455-020-10104-3
https://doi.org/10.1007/s00455-013-9467-8
https://doi.org/10.1007/s00455-013-9467-8
https://doi.org/10.1111/j.1440-1746.2012.07097.x
https://doi.org/10.1111/j.1440-1746.2012.07097.x
https://www.covidence.org

European Archives of Oto-Rhino-Laryngology (2023) 280:1017-1045

1043

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

treatment and constraint-induced language therapy for individu-
als with stroke-induced aphasia. J Speech Lang Hear 51:1282—
1299. https://doi.org/10.1044/1092-4388(2008/07-0206)

Hozo SP, Djulbegovic B, Hozo I (2005) Estimating the mean and
variance from the median, range, and the size of a sample. BMC
Med Res Methodol 5(1):13

Wan X, Wang W, Liu J, Tong T (2014) Estimating the sample
mean and standard deviation from the sample size, median, range
and/or interquartile range. BMC Med Res Methodol 14(1):1-13.
https://doi.org/10.1186/1471-2288-14-135

Becker LA (2000) Effect size calculators. University of Colorado.
https://Ibecker.uccs.edu/. Accessed 28 June 2022

Cohen J (1988) Statistical power analysis for the behavioural
sciences. 2nd ed. Laurence Erlbaum Associates, Publishers,
Hillsdale, NJ

Juan J, Hind J, Jones C, McCulloch T, Gangnon R, Robbins J
(2013) Case study: application of isometric progressive resist-
ance oropharyngeal therapy using the Madison Oral Strength-
ening Therapeutic device. Top Stroke Rehabil 20(5):450-470.
https://doi.org/10.1310/tsr2005-450

Stepp CE, Britton D, Chang C, Merati AL, Matsuoka Y (2011)
Feasibility of game-based electromyographic biofeedback for
dysphagia rehabilitation. In: 5th International IEEE/EMBS Con-
ference on Neural Engineering, New York, pp 233-236

Yeates EM, Molfenter SM, Steele CM (2008) Improvements in
tongue strength and pressure-generation precision following a
tongue-pressure training protocol in older individuals with dys-
phagia: three case reports. Clin Interv Aging 3(4):735-747
Hamzic S, Schramm P, Khilan H, Gerriets T, Juenemann M
(2021) Isolated dysphagia in a patient with medial medullary
infarction - effects of evidence-based dysphagia therapy: a case
report. Case Rep Neurol 13(1):190-199. https://doi.org/10.1159/
000513676

Gao J, Zhang HJ (2017) Effects of chin tuck against resist-
ance exercise versus Shaker exercise on dysphagia and psy-
chological state after cerebral infarction. Eur J Phys Rehabil
Med 53(3):426-432. https://doi.org/10.23736/S1973-9087.16.
04346-X

Logemann JA, Rademaker A, Pauloski BR, Kelly A, Stangl-
McBreen C, Antinoja J, Grande B, Farquharson J, Kern M,
Easterling C, Shaker R (2009) A randomized study comparing
the shaker exercise with traditional therapy: a preliminary study.
Dysphagia 24(24):403-411

Malandraki GA, Rajappa A, Kantarcigil C, Wagner E, Ivey C,
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. https://
doi.org/10.1016/j.apmr.2015.11.019

Mepani R, Antonik S, Massey B, Kern M, Logemann J, Pau-
loski B, Rademaker A, Easterling C, Shaker R (2009) Aug-
mentation of deglutitive thyrohyoid muscle shortening by the
shaker exercise. Dysphagia 24(1):26-31. https://doi.org/10.1007/
s00455-008-9167-y

Wada S, Tohara H, Iida T, Inoue M, Sato M, Ueda K (2012) Jaw-
opening exercise for insufficient opening of upper esophageal
sphincter. Arch Phys Med Rehabil 93(11):1995-1999. https://
doi.org/10.1016/j.apmr.2012.04.025

Bogaardt HC, Grolman W, Fokkens WJ (2009) The use of bio-
feedback in the treatment of chronic dysphagia in stroke patients.
Folia Phoniatr Logop 61(4):200-205. https://doi.org/10.1159/
000227997

Guillen-Sola A, Messagi Sartor M, Bofill Soler N, Duarte E, Bar-
rera MC, Marco E (2017) Respiratory muscle strength training
and neuromuscular electrical stimulation in subacute dysphagic
stroke patients: a randomized controlled trial. Clin Rehabil
31(6):761-771. https://doi.org/10.1177/0269215516652446

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Shaker R, Easterling C, Kern M, Nitschke T, Massey B, Daniels
S, Grande B, Kazandjian M, Dikeman K (2002) Rehabilitation
of swallowing by exercise in tube-fed patients with pharyngeal
dysphagia secondary to abnormal UES opening. Gastroenterol-
ogy 122(5):1314-1321. https://doi.org/10.1053/gast.2002.32999
El-Tamawy MS, Darwish MH, El-Azizi HS, Abdelalim AM,
Taha SI (2015) The influence of physical therapy on oropharyn-
geal dysphagia in acute stroke patients. Egypt J Neurol Psychiatr
Neurosurg 52(3):201-205. https://doi.org/10.4103/1110-1083.
162046

Kim SJ (2010) Music therapy protocol development to enhance
swallowing training for stroke patients with dysphagia. J] Music
Ther 47(2):102-119

Momosaki R, Abo M, Kakuda W (2014) Bilateral repetitive
transcranial magnetic stimulation combined with intensive swal-
lowing rehabilitation for chronic stroke dysphagia: a case series
study. Case Rep Neurol 6(1):60-67. https://doi.org/10.1159/
000360936

Momosaki R, Abo M, Watanabe S, Kakuda W, Yamada N,
Kinoshita S (2015) Repetitive peripheral magnetic stimulation
with intensive swallowing rehabilitation for poststroke dyspha-
gia: an open-label case series. Neuromodulation 18(7):630-634.
https://doi.org/10.1111/ner.12308

Li XZ, Gu BL, Zhou H, Xue JH, Zhou XM (2019) Influence of
nape acupuncture therapy on swallowing function of patients
with cerebral infarction. [Chinese]. Med J Chin People’s Lib
Army 44(4):322-326. https://doi.org/10.11855/j.issn.0577-7402.
2019.04.09

Xing BF, Zhou X, Deng XQ (2019) Effect of “Tongdu Tiaoshen”
needling combined with swallowing training on dysphagia, cer-
ebral blood flow and serum BDNF and NGF levels in ischemic
stroke patients. [Chinese]. Zhen ci yan jiu Acupunct Res
44(7):506-511. https://doi.org/10.13702/j.1000-0607.18063 1
Arnold RJ, Bausek N (2020) Effect of respiratory muscle train-
ing on dysphagia in stroke patients—a retrospective pilot study.
Laryngoscope Investig Otolaryngol 5(6):1050-1055. https://doi.
org/10.1002/1i02.483

Jiao Y, Li G, Dai Y (2022) Clinical effect of repetitive transcra-
nial magnetic stimulation on dysphagia due to stroke. Neurol Sci
09:09. https://doi.org/10.1007/s10072-021-05799-7

Choi JB, Shim SH, Yang JE, Kim HD, Lee DH, Park JS (2017)
Effects of Shaker exercise in stroke survivors with oropharyngeal
dysphagia. NeuroRehabilitation 41(4):753-757. https://doi.org/
10.3233/NRE-172145

Oh DW, Kang TW, Kim SJ (2013) Effect of stomatognathic
alignment exercise on temporomandibular joint function and
swallowing function of stroke patients with limited mouth open-
ing. J Phys Ther Sci 25(10):1325-1329. https://doi.org/10.1589/
jpts.25.1325

Park JS, Kim HJ, Oh DH (2015) Effect of tongue strength training
using the Iowa Oral Performance Instrument in stroke patients
with dysphagia. J Phys Ther Sci 27(12):3631-3634. https://doi.
org/10.1589/jpts.27.3631

Moon JH, Jung JH, Won YS, Cho HY, Cho K (2017) Effects of
expiratory muscle strength training on swallowing function in
acute stroke patients with dysphagia. J Phys Ther Sci 29(4):609—
612. https://doi.org/10.1589/jpts.29.609

Moon JH, Hahm SC, Won YS, Cho HY (2018) The effects of
tongue pressure strength and accuracy training on tongue pres-
sure 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. https://doi.org/10.1097/
MRR.0000000000000282

Park JS, An DH, Oh DH, Chang MY (2018) Effect of chin tuck
against resistance exercise on patients with dysphagia following

@ Springer


https://doi.org/10.1044/1092-4388(2008/07-0206)
https://doi.org/10.1186/1471-2288-14-135
https://lbecker.uccs.edu/
https://doi.org/10.1310/tsr2005-450
https://doi.org/10.1159/000513676
https://doi.org/10.1159/000513676
https://doi.org/10.23736/S1973-9087.16.04346-X
https://doi.org/10.23736/S1973-9087.16.04346-X
https://doi.org/10.1016/j.apmr.2015.11.019
https://doi.org/10.1016/j.apmr.2015.11.019
https://doi.org/10.1007/s00455-008-9167-y
https://doi.org/10.1007/s00455-008-9167-y
https://doi.org/10.1016/j.apmr.2012.04.025
https://doi.org/10.1016/j.apmr.2012.04.025
https://doi.org/10.1159/000227997
https://doi.org/10.1159/000227997
https://doi.org/10.1177/0269215516652446
https://doi.org/10.1053/gast.2002.32999
https://doi.org/10.4103/1110-1083.162046
https://doi.org/10.4103/1110-1083.162046
https://doi.org/10.1159/000360936
https://doi.org/10.1159/000360936
https://doi.org/10.1111/ner.12308
https://doi.org/10.11855/j.issn.0577-7402.2019.04.09
https://doi.org/10.11855/j.issn.0577-7402.2019.04.09
https://doi.org/10.13702/j.1000-0607.180631
https://doi.org/10.1002/lio2.483
https://doi.org/10.1002/lio2.483
https://doi.org/10.1007/s10072-021-05799-7
https://doi.org/10.3233/NRE-172145
https://doi.org/10.3233/NRE-172145
https://doi.org/10.1589/jpts.25.1325
https://doi.org/10.1589/jpts.25.1325
https://doi.org/10.1589/jpts.27.3631
https://doi.org/10.1589/jpts.27.3631
https://doi.org/10.1589/jpts.29.609
https://doi.org/10.1097/MRR.0000000000000282
https://doi.org/10.1097/MRR.0000000000000282

1044

European Archives of Oto-Rhino-Laryngology (2023) 280:1017-1045

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

stroke: a randomized pilot study. NeuroRehabilitation 42(2):191—
197. https://doi.org/10.3233/NRE-172250

Park JS, Hwang NK, Oh DH, Chang MY (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. https://doi.org/10.1111/joor.12492

Park JS, An DH, Kam KY, Yoon T, Kim T, Chang MY (2020)
Effects of resistive jaw opening exercise in stroke patients with
dysphagia: a double- blind, randomized controlled study. J Back
Musculoskeletal Rehabil 33(3):507-513. https://doi.org/10.3233/
BMR-181477

Liaw MY, Hsu CH, Leong CP, Liao CY, Wang LY, Lu CH, Lin
MC (2020) Respiratory muscle training in stroke patients with
respiratory muscle weakness, dysphagia, and dysarthria—a pro-
spective randomized trial. Medicine (Baltimore) 99(10):e19337.
https://doi.org/10.1097/MD.0000000000019337

Li T, Zeng XX, Lin LJ, Lin WN, Mao J, Wang Q, Xian TT,
Zhu TH, Huang SS (2019) Catheter balloon dilation combined
with acupuncture for cricopharyngeal achalasia after brain stem
infarction: a randomized controlled trial. Zhongguo zhenjiu
39(10):1027-1033. https://doi.org/10.13703/j.0255-2930.2019.
10.001

Zhou Y, Zhang C, Fang X, Fu F, Wang Q, Peng H (2019) ] &%
S URTBR B  R N R 00T i 24 o 75 R FREBSH93 A PRI B2 [The effect
of intermittent nasal feeding combined with swallowing training
on stroke patients with dysphagia]. Chin Nurs Res 33(17):2935—
2939. https://doi.org/10.12102/j.issn.1009-6493.2019.17.004
Choi JB, Jung YJ, Park JS (2020) Comparison of 2 types of
therapeutic exercise: jaw opening exercise and head lift exer-
cise for dysphagic stroke: a pilot study. Medicine (Baltimore)
99(38):e22136. https://doi.org/10.1097/MD.0000000000022136
Hagglund P, Hagg M, Jaghagen EL, Larsson B, Wester P
(2020) Oral neuromuscular training in patients with dyspha-
gia after stroke: a prospective, randomized, open-label study
with blinded evaluators. BMC Neurol. https://doi.org/10.1186/
$12883-020-01980-1

Jung YJ, Kim HJ, Choi JB, Park JS, Hwang NK (2020) Effect of
dysphagia rehabilitation using kinesiology taping on oropharyn-
geal muscle hypertrophy in post-stroke patients: a double blind
randomized placebo-controlled trial. Healthcare (Basel) 8(4):19.
https://doi.org/10.3390/healthcare8040411

Kim HD, Choi JB, Yoo SJ, Chang MY, Lee SW, Park JS (2017)
Tongue-to-palate resistance training improves tongue strength
and oropharyngeal swallowing function in subacute stroke sur-
vivors with dysphagia. J Oral Rehabil 44(1):59-64. https://doi.
org/10.1111/joor.12461

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

Wei X, Yu F, Dai M, Xie C, Wan G, Wang Y, Dou Z (2017)
Change in excitability of cortical projection after modified cath-
eter balloon dilatation therapy in brainstem stroke patients with
dysphagia: a prospective controlled study. Dysphagia 32(5):645—
656. https://doi.org/10.1007/s00455-017-9810-6

Eom MJ, Chang MY, Oh DH, Kim HD, Han NM, Park JS
(2017) Effects of resistance expiratory muscle strength training
in elderly patients with dysphagic stroke. NeuroRehabilitation
41(4):747-752. https://doi.org/10.3233/NRE-172192

Hegland KW, Davenport PW, Brandimore AE, Singletary FF,
Troche MS (2016) Rehabilitation of swallowing and cough func-
tions following stroke: an Expiratory Muscle Strength Training
trial. Arch Phys Med Rehabil 97(8):1345-1351. https://doi.org/
10.1016/j.apmr.2016.03.027

@ Springer

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

1.

78.

79.

80.

Koyama Y, Sugimoto A, Hamano T, Kasahara T, Toyokura M,
Masakado Y (2017) Proposal for a modified jaw opening exercise
for dysphagia: a randomized, controlled trial. Tokai J Exp Clin
Med 42(2):71-78

Park JS, Oh DH, Chang MY, Kim KM (2016) Effects of expira-
tory muscle strength training on oropharyngeal dysphagia in
subacute stroke patients: a randomised controlled trial. J Oral
Rehabil 43(5):364-372. https://doi.org/10.1111/joor.12382
Robbins J, Kays SA, Gangnon RE, Hind JA, Hewitt AL, Gentry
LR, Taylor AJ (2007) The effects of lingual exercise in stroke
patients with dysphagia. Arch Phys Med Rehabil 88(2):150-158
Steele C, Bayley M, Peladeau-Pigeon M, Nagy A, Namasivayam
A, Stokely S, Wolkin T, Steele CM, Bayley MT, Namasivayam
AM, Stokely SL (2016) A randomized trial comparing two
tongue-pressure resistance training protocols for post-stroke
dysphagia. Dysphagia (0179051X) 31(3):452—-461. https://doi.
org/10.1007/300455-016-9699-5

Ploumis A, Papadopoulou SL, Theodorou SJ, Exarchakos G,
Givissis P, Beris A (2018) Cervical isometric exercises improve
dysphagia and cervical spine malalignment following stroke with
hemiparesis: a randomized controlled trial. Eur J Phys Rehabil
Med 54(6):845-852. https://doi.org/10.23736/S1973-9087.17.
04952-8

Kim HH, Park JS (2019) Efficacy of modified chin tuck against
resistance exercise using hand-free device for dysphagia in stroke
survivors: a randomized controlled trial. J Oral Rehabil 17:17.
https://doi.org/10.1111/joor.12837

Park JS, Lee G, Jung YJ (2019) Effects of game-based chin tuck
against resistance exercise vs head-lift exercise in patients with
dysphagia after stroke: an assessor-blind, randomized controlled
trial. J Rehabil Med 51(10):749-754. https://doi.org/10.2340/
16501977-2603

Cho YS, Oh DH, Paik YR, Lee JH, Park JS (2017) Effects of
bedside self-exercise on oropharyngeal swallowing function in
stroke patients with dysphagia: a pilot study. J Phys Ther Sci
29(10):1815-1816. https://doi.org/10.1589/jpts.29.1815

Oh DH, Won JH, Kim YA, Kim WJ (2017) Effects of jaw open-
ing exercise on aspiration in stroke patients with dysphagia: a
pilot study. J Phys Ther Sci 29(10):1817-1818. https://doi.org/
10.1589/jpts.29.1817

Hagg M, Anniko M (2008) Lip muscle training in stroke patients
with dysphagia. Acta Otolaryngol (Stockh) 128(9):1027-1033.
https://doi.org/10.1080/00016480701813814

Park HS, Park JY, Kwon YH, Choi HS, Kim HJ (2018) Effect
of orbicularis oris muscle training on muscle strength and lip
closure function in patients with stroke and swallowing disorder.
J Phys Ther Sci 30(11):1355-1356. https://doi.org/10.1589/jpts.
30.1355

Kumaresan A, Manoj Abraham M, Kumar Nayak C (2018) The
effectiveness of masako manoeuvre on post-stroke dysphagia. Int
J Res Pharm Sci 9(4):1457-1459. https://doi.org/10.26452/ijrps.
v9i4.1702

McCullough GH, Kim Y (2013) Effects of the Mendelsohn
maneuver on extent of hyoid movement and UES opening post-
stroke. Dysphagia 28(4):511-519. https://doi.org/10.1007/
s00455-013-9461-1

Kim KD, Lee HJ, Lee MH, Ryu HJ (2015) Effects of neck exer-
cises on swallowing function of patients with stroke. J Phys Ther
Sci 27(4):1005-1008. https://doi.org/10.1589/jpts.27.1005
Krajczy E, Krajczy M, Luniewski J, Bogacz K, Szczegielniak J
(2019) Assessment of the effects of dysphagia therapy in patients
in the early post-stroke period: a randomised controlled trial.
Neurol Neurochir Pol 14:14. https://doi.org/10.5603/PJNNS.
a2019.0053


https://doi.org/10.3233/NRE-172250
https://doi.org/10.1111/joor.12492
https://doi.org/10.3233/BMR-181477
https://doi.org/10.3233/BMR-181477
https://doi.org/10.1097/MD.0000000000019337
https://doi.org/10.13703/j.0255-2930.2019.10.001
https://doi.org/10.13703/j.0255-2930.2019.10.001
https://doi.org/10.12102/j.issn.1009-6493.2019.17.004
https://doi.org/10.1097/MD.0000000000022136
https://doi.org/10.1186/s12883-020-01980-1
https://doi.org/10.1186/s12883-020-01980-1
https://doi.org/10.3390/healthcare8040411
https://doi.org/10.1111/joor.12461
https://doi.org/10.1111/joor.12461
https://doi.org/10.1111/1460-6984.12453
https://doi.org/10.1007/s00455-017-9810-6
https://doi.org/10.3233/NRE-172192
https://doi.org/10.1016/j.apmr.2016.03.027
https://doi.org/10.1016/j.apmr.2016.03.027
https://doi.org/10.1111/joor.12382
https://doi.org/10.1007/s00455-016-9699-5
https://doi.org/10.1007/s00455-016-9699-5
https://doi.org/10.23736/S1973-9087.17.04952-8
https://doi.org/10.23736/S1973-9087.17.04952-8
https://doi.org/10.1111/joor.12837
https://doi.org/10.2340/16501977-2603
https://doi.org/10.2340/16501977-2603
https://doi.org/10.1589/jpts.29.1815
https://doi.org/10.1589/jpts.29.1817
https://doi.org/10.1589/jpts.29.1817
https://doi.org/10.1080/00016480701813814
https://doi.org/10.1589/jpts.30.1355
https://doi.org/10.1589/jpts.30.1355
https://doi.org/10.26452/ijrps.v9i4.1702
https://doi.org/10.26452/ijrps.v9i4.1702
https://doi.org/10.1007/s00455-013-9461-1
https://doi.org/10.1007/s00455-013-9461-1
https://doi.org/10.1589/jpts.27.1005
https://doi.org/10.5603/PJNNS.a2019.0053
https://doi.org/10.5603/PJNNS.a2019.0053

European Archives of Oto-Rhino-Laryngology (2023) 280:1017-1045

1045

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Moon JH, Heo SJ, Jung JH (2019) Effects of orofacial muscles
exercise program on swallowing function and satisfaction in
sub-acute stroke patients with dysphagia. Med Legal Update
19(1):623-628. https://doi.org/10.5958/0974-1283.2019.00111.7
Xing BF, Zhou X, Deng XQ (2019) Effect of “Tongdu Tiaoshen”
needling combined with swallowing training on dysphagia, cer-
ebral blood flow and serum BDNF and NGF levels in ischemic
stroke patients. Chen Tzu Yen Chiu 44(7):506-511. https://doi.
org/10.13702/j.1000-0607.180631

Yoon WL, Khoo JKP, Rickard Liow SJ (2014) Chin Tuck Against
Resistance (CTAR): new method for enhancing suprahyoid mus-
cle activity using a Shaker-type exercise. Dysphagia 29(2):243—
248. https://doi.org/10.1007/s00455-013-9502-9
Wheeler-Hegland KM, Rosenbek JC, Sapienza CM (2008) Sub-
mental SEMG and hyoid movement during Mendelsohn maneu-
ver, effortful swallow, and expiratory muscle strength training. J
Speech Lang Hear Res 51(5):1072-1087. https://doi.org/10.1044/
1092-4388(2008/07-0016)

Fujiu M, Logemann JA (1996) Effect of a tongue-holding maneu-
ver on posterior pharyngeal wall movement during deglutition.
Am J Speech Lang Pathol 5(1):23-30

McCullough G, Kamarunas E, Mann G, Schmidley J, Robbins
J, Crary M (2012) Effects of mendelsohn maneuver on meas-
ures of swallowing duration post stroke. Top Stroke Rehabil
19(13):234-243

Kasahara T, Hanayama K, Kodama M, Aono K, Masakado Y
(2009) The efficacy of supraglottic swallow as an indirect swal-
lowing exercise by analysis of hyoid bone movement. Tokai J
Exp Clin Med 34(3):72-75

Kang JH, Park RY, Lee SJ, Kim JY, Yoon SR, Jung KI (2012)
The effect of bedside exercise program on stroke patients with
Dysphagia. Ann 36(4):512-520. https://doi.org/10.5535/arm.
2012.36.4.512

Park J-S, An D-H, Kam K-Y, Yoon T, Kim T, 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 33:507-513. https://doi.org/10.3233/
BMR-181477

Pollock ML, Froelicher VF (1990) Position stand of the Ameri-
can College of Sports Medicine: the recommended quantity and
quality of exercise for developing and maintaining cardiorespira-
tory and muscular fitness in healthy adults. J Cardiopulm Rehabil
10(7):235-245

Rosenbek JC, Robbins JA, Roecker EB, Coyle JL, Wood JL
(1996) A penetration-aspiration scale. Dysphagia 11(2):93-98.
https://doi.org/10.1007/BF00417897

Crary MA, Carnaby Mann GD, Groher ME (2005) Initial psycho-
metric assessment of a functional oral intake scale for dyspha-
gia in stroke patients. Arch Phys Med Rehabil 86(8):1516-1520.
https://doi.org/10.1016/j.apmr.2004.11.049

Ludemann A, Power E, Hoffmann TC (2017) Investigating the
adequacy of intervention descriptions in recent speech-language
pathology literature: is evidence from randomized trials useable?

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Am J Speech Lang Pathol 26(2):443-455. https://doi.org/10.
1044/2016_AJSLP-16-0035

Schroter S, Glasziou P, Heneghan C (2012) Quality of descrip-
tions of treatments: a review of published randomised controlled
trials. BMJ Open 2(6):e001978. https://doi.org/10.1136/bmjop
en-2012-001978

Lohse KR, Pathania A, Wegman R, Boyd LA, Lang CE (2018)
On the reporting of experimental and control therapies in stroke
rehabilitation trials: a systematic review. Arch Phys Med Rehabil
99(7):1424-1432

Schulz KF, Altman DG, Moher D (2010) CONSORT 2010 state-
ment: updated guidelines for reporting parallel group randomized
trials. Ann Intern Med 152(11):726-732

Scrivener K, Sherrington C, Schurr K (2012) Exercise dose and
mobility outcome in a comprehensive stroke unit: description
and prediction from a prospective cohort study. J Rehabil Med
44(10):824-829

Baker E (2012) Optimal intervention intensity. Int J Speech Lang
Pathol 14(5):401-409

Borg GAV (1982) Psychophysical bases of perceived exertion.
Med Sci Sports Exerc 14(5):377-381

Baker E (2012) Optimal intervention intensity in speech-lan-
guage pathology: discoveries, challenges, and unchartered ter-
ritories. Int J Speech Lang Pathol 14(5):478-485

Borschmann K, Hayward KS, Raffelt A, Churilov L, Kramer S,
Bernhardt J (2018) Rationale for intervention and dose is lacking
in stroke recovery trials: a systematic review. Stroke Res Treat
Choy J, Pourkazemi F, Anderson C, Bogaardt H (2022) Dos-
ages of swallowing exercises prescribed in stroke rehabilitation:
a medical record audit. Dysphagia, pp 1-14

Kleim JA, Jones TA (2008) Principles of experience-dependent
neural plasticity: implications for rehabilitation after brain dam-
age. J Speech Lang Hear Res 51(1):5225-S239. https://doi.org/
10.1044/1092-4388(2008/018)

Burkhead LM, Sapienza CM, Rosenbek JC (2007) Strength-train-
ing exercise in dysphagia rehabilitation: principles, procedures,
and directions for future research. Dysphagia 22(3):251-265.
https://doi.org/10.1007/s00455-006-9074-z

Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J,
Moher D, Tugwell P, Welch V, Kristjansson E, Henry DA (2017)
AMSTAR 2: a critical appraisal tool for systematic reviews that
include randomised or non-randomised studies of healthcare
interventions, or both. BMJ 358:j4008. https://doi.org/10.1136/
bmj.j4008

Hayward KS, Churilov L, Dalton EJ, Brodtmann A, Campbell
BCV, Copland D, Dancause N, Godecke E, Hoffmann TC, Lan-
nin NA, McDonald MW, Corbett D, Bernhardt J (2021) Advanc-
ing stroke recovery through improved articulation of nonphar-
macological intervention dose. Stroke 52(2):761-769. https://
doi.org/10.1161/STROKEAHA.120.032496

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.5958/0974-1283.2019.00111.7
https://doi.org/10.13702/j.1000-0607.180631
https://doi.org/10.13702/j.1000-0607.180631
https://doi.org/10.1007/s00455-013-9502-9
https://doi.org/10.1044/1092-4388(2008/07-0016)
https://doi.org/10.1044/1092-4388(2008/07-0016)
https://doi.org/10.5535/arm.2012.36.4.512
https://doi.org/10.5535/arm.2012.36.4.512
https://doi.org/10.3233/BMR-181477
https://doi.org/10.3233/BMR-181477
https://doi.org/10.1007/BF00417897
https://doi.org/10.1016/j.apmr.2004.11.049
https://doi.org/10.1044/2016_AJSLP-16-0035
https://doi.org/10.1044/2016_AJSLP-16-0035
https://doi.org/10.1136/bmjopen-2012-001978
https://doi.org/10.1136/bmjopen-2012-001978
https://doi.org/10.1044/1092-4388(2008/018)
https://doi.org/10.1044/1092-4388(2008/018)
https://doi.org/10.1007/s00455-006-9074-z
https://doi.org/10.1136/bmj.j4008
https://doi.org/10.1136/bmj.j4008
https://doi.org/10.1161/STROKEAHA.120.032496
https://doi.org/10.1161/STROKEAHA.120.032496

	Dosages of swallowing exercises in stroke rehabilitation: a systematic review
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 
	Systematic review registration number 

	Introduction
	Methods
	Eligibility criteria
	Search strategy and selection process
	Data collection
	Risk of bias assessment
	Summary measures

	Results
	Participant characteristics
	Study characteristics
	Dosages of swallowing exercises
	Exercise type
	Frequency
	Intensity
	Time
	Standard care
	Reported rationales for dosage prescription

	Outcome measures
	Risk of bias

	Discussion
	Conclusions
	Acknowledgements 
	References


