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Abstract

Background—Optimal exercise doses for exercise-based approaches to dysphagia treatment are

unclear. To address this gap in knowledge, we performed a scoping review to provide a record of

doses reported in the literature. A larger goal of this work was to promote detailed consideration of

dosing parameters in dysphagia exercise treatments in intervention planning and outcome
reporting.

Methods—We searched PubMed, Scopus[Embase], CINAHL, and Cochrane databases from
inception to July 2019, with search terms relating to dysphagia and exercises to treat swallowing

impairments. Of the eligible 1906 peer-reviewed articles, 72 met inclusionary criteria by reporting,

at minimum, both the frequency and duration of their exercise-based treatments.

Results—Study interventions included tongue exercise (n=16), Shaker/head lift (n=13),

respiratory muscle strength training (n=6), combination exercise programs (n=20), mandibular
movement exercises (n=7), lip muscle training (n=5), and other programs that did not fit into the
categories described above (n=5). Frequency recommendations varied greatly by exercise type.

Duration recommendations ranged from 4 weeks to 1 year. In articles reporting repetitions (n=66),
the range was 1 to 120 reps/day. In articles reporting intensity (n=59), descriptions included values

for force, movement duration, or descriptive verbal cues, such as “as hard as possible.” Outcome
measures were highly varied across and within specific exercise types.

Conclusions—We recommend inclusion of at least the frequency, duration, repetition, and
intensity components of exercise dose to improve reproducibility, interpretation, and comparison
across studies. Further research is required to determine optimal dose ranges for the wide variety
of exercise-based dysphagia interventions.
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Introduction

Exercise-based approaches have been used in dysphagia treatment for over three decades.
The overall aim of these treatments is to increase the strength and endurance of muscle
groups involved in deglutition and airway protection. These exercise approaches target
specific muscles or groups of muscles active in deglutition including the oral musculature
(maximum isometric pressure of tongue, lips, jaw), pharyngeal constrictors (effortful
swallow, Masako), hyolaryngeal complex (Mendelsohn, Shaker Head Lift), and respiratory
muscle complex (inspiratory and expiratory muscle strength training) [1]. It is intuitive that
exercise dose is an essential component of any exercise-based therapy, and understanding
the relationship between dose and treatment efficacy is critical to maximizing patient
benefit. As such, importance of dose in resistance exercise has been well established in the
limb literature [2-6]. However, definitive guidelines for optimal dosing in swallowing
rehabilitation programs have yet to be established [7, 8]. Because of critical differences that
exist between skeletal muscles of the head and neck and the limb in terms of muscle
structure, biology, and physiology [8], it is important to develop exercise dose
recommendations specific to deglutatory musculature and not rely on prescriptions
developed for limb muscles. Recognizing this gap in knowledge, we reviewed the literature
to explore the range of exercise doses reported in research on exercise-based interventions to
treat dysphagia.

Scoping Review
To gain perspective on reporting of exercise dose information in the dysphagia literature, we
performed a scoping review, which is defined as: “[a] preliminary assessment of the
potential size and scope of available research literature. It aims to identify the nature and
extent of research evidence” (p. 101) [9]. A scoping review does not require the in-depth
critique of research quality typically performed in a systematic review [10] and is useful for
examining a particularly heterogeneous literature base. In contrast to a systematic review, a
scoping review can provide a more inclusive reference guide of research evidence available
regarding exercise dosing. The purpose of this scoping review was twofold: 1) To provide
researchers and clinicians with a record of currently reported exercise dosing in the adult and
geriatric dysphagia therapy literature base; 2) To call attention to important components of
exercise dosing that should be considered in every exercise-based study and should be
reported in dysphagia treatment methodology both in clinical practice and peer reviewed
manuscripts.

Relationship between Exercise Dose and Muscular Conditioning

Both endurance exercise and resistance exercise have been studied in skeletal muscle and
cardiorespiratory systems [11]. Endurance exercise (aerobic) can last from minutes to hours,
and makes use of high-repetition actions at low resistance to maximize changes in skeletal

Dysphagia. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Krekeler et al.

Page 3

muscle oxidative capacity [12]. Resistance exercise (anaerobic) involves high resistance
training with the goal of increasing muscular mass and power [12]. Endurance exercise
increases signaling for mitochondrial biogenesis in muscles of the limbs with chronic
exercise effects resulting in increased mitochondrial content and function leading to
improved muscular capacity and fatigue resistance [13-17] The primary goal of resistance
exercise is to increase muscle strength by increasing muscle fiber cross-sectional area
(CSA), also known as muscular hypertrophy. These increases in size occur both in young
and elderly individuals with resistance exercise training [2, 18].

Depending on the goals of an exercise-based treatment program, there can be a focus on
resistance training, endurance training, or can involve a combination of both (concurrent
training). Dysphagia exercise programs have generally focused on increasing strength, using
fewer repetitions at increasing resistance, however some exercises do involve a component
of endurance (e.g. hea sustained head-lift exercise) [19]. Since a majority of dysphagia
exercise programs include some component of strength training, we will focus this
introductory discussion on effects of strength training on muscle biology.

Muscular hypertrophy is achieved when a muscle or group of muscles contracts to resist
against increasingly higher loads, above what is normally required of that particular
muscular system [20-22]. Increasing load challenges the muscle(s), requiring higher-
threshold motor units to be activated [20-22] and promotes protein signaling to induce
muscular hypertrophy [23-25]. Gains in muscular strength observed after resistance exercise
are due, in part, to muscular protein synthesis increasing fiber size (hypertrophy) and
number as well as other shifts in muscle fiber composition and metabolism towards a more
powerful, fatigue resistant profile [26—29]. At the cellular level, among other related
processes, resistance exercise can increase fiber number by inducing quiescent satellite cells
to enter the mitotic cycle and differentiate to promote new myofiber development [30, 31].

Mechanisms involved in muscular hypertrophy and conditioning with exercise are known to
increase in a dose-dependent manner [6], making consideration of dose in exercise
particularly important. The relationship between resistance exercise dose and muscular
hypertrophy have been explored and debated in the limb literature with the goal of
optimizing dose prescription to maximize strength-related outcomes [5, 6]. Relationships
between training intensity and frequency have been well studied, and these findings have
contributed to the American College of Sports Medicine (ACSM) Guidelines for Exercise
Testing and Prescription (9t Edition) [32]. With increasing intensity of resistance exercise
there is a corresponding increase in the synthesis of myofibrillar proteins [33]. Similarly,
increasing resistance exercise training frequency (number of training sets/week) is related to
increasing muscular hypertrophy in a graded, dose-responsive manner [34].

Other important considerations in determining dose prescription are training status and the
risk of over-prescription. Meta-analyses in the exercise science literature have supported
differences in optimal dose considerations for trained vs untrained individuals (outlined
below), which will impact how exercise is prescribed [5]. More importantly, incorrect dose
prescription could result in over-prescription of exercise, which can have negative or
“diminishing” effects [5, 6]. These are critical factors to consider when designing a training
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program: improper and over-training can lead to reductions in strength and can increase risk
of injury [6]. As such, exercise scientists who study effects of dose-response in the limb
have made the following recommendations regarding training doses for individuals wishing
to prevent age-related changes in muscle and induce muscle hypertrophy [5, 6, 32]:

. For untrained individuals: 60% of 1 Rep-Maximum (RM); 4 sets (1 set = 8-12
repetitions); 3 days/week

. For trained individuals: 80% 1RM; 4 sets; 2 days/week
. For trained athletes: 85% 1RM; 8 sets; 2 days/week

These doses have been well studied and explored in muscles of the limbs and trunk, dose-
response recommendations for muscles of the head and neck have not been definitively
determined [1, 7]. While the work of the limb and exercise science literature can provide a
starting point for developing dosing for exercise-based dysphagia therapies, structural and
physiological differences between the limb vs cranial musculature [8] require us to explore
effects of exercise dose in our muscles of interest, specifically.

Components of Exercise Dose in Dysphagia Therapy

When considering dose-related effects in exercise therapy, there are several components of
dose that must be considered. Depending on the type of exercise, and the muscle systems
targeted (limb, trunk, cranial), different terminology might be used to describe similar
components. The ACSM’s Guidelines for Exercise Testing and Prescription (9t Edition)
lists 9 components of exercise: frequency, intensity, time (duration), type, repetitions, sets,
pattern (rest intervals), and progression. We combined items on this list into four
components of exercise dose that are relevant and necessary in a dysphagia treatment
prescription (represented in Figure 1 and described below): Frequency (frequency, sets),
Repetitions, Intensity, Duration [32].

Repetitions are defined as the number of actions performed in one set of a specific exercise
maneuver. For example, 10 lingual presses or 40 effortful swallows constitutes the number
of repetitions of an action.

Frequency defines how many of “sets” of exercise are performed in one day or session, and
how many days of exercise per week are prescribed. One “set” of exercise is defined by the
number of repetitions in the set. For example, exercise prescription could include
performance of 3 sets of 10 lingual presses per day for 3 days per week. This translates into
the patient performing 30 lingual presses per day (in each of 3 sessions) and thus 90 presses
total per week. The amount of rest between individual repetitions has not been well defined,
nor has the optimal number of total sets recommended for performance in one day. In the
exercise science literature, sets per day are used to break up the number of repetitions of an
action performed to allow for periods of rest. The ACSM recommends between 2—-3 minutes
for rest between sets [32]. However, other than the Shaker exercise, there are no current
guidelines regarding proper rest between sets of other exercises to treat dysphagia [1]. Given
the limited research and reporting on this topic, we did not include rest as a dosing
component in this review. However, it should be considered in future studies of dysphagia
exercise.
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Intensity reflects the amount of effort or force exerted during a single repetition of an
exercise. This can be measured by percentage of a maximum amount of effort, if using a
device-facilitated approach, or a more descriptive criterion, such as “press has hard as you
can” or “using maximum amount of effort.” For an isometric exercise, length of hold can
serve as a definition of intensity. While having a device-facilitated program will most
accurately capture intensity, providing participants with a qualitative description of level of
intensity is an acceptable way of ensuring successful execution of a specific strengthening
maneuver.

Duration of the exercise program is the total length of the exercise program, and can be
defined by a number of sessions, weeks, months, or other similar metric. The duration also
represents the final endpoint at which patients can be expected to see measurable, clinical
improvement in function. The exercise science literature recommends between 8-12 weeks
for progressive resistance training programs [2]. However, the optimal duration for exercise
treatments for dysphagia have not been determined. Without defining a specific program
duration, clinicians and researchers are unable to compare program outcomes or define an
end point for expected clinical improvement.

We considered these components as basic dosing parameters during our scoping review for
ensuring reproducibility of exercise conditions. In this review, we aimed to highlight study
parameters of frequency, repetition, intensity, and duration of clinically relevant exercises to
allow comparison across articles. While interpreting the specific effects of swallowing
exercises was beyond the scale of the current study, we reported the primary outcomes and
statistical findings to summarize the existing evidence of treatment effects on swallow-
related outcomes for each individual study.

Methods for Scoping Review

This scoping review was performed with the assistance of two librarians (SJ, MC). We
searched 4 databases (PubMed, Scopus[Embase], CINAHL, Cochrane, Figure 2.) with
search terms customized for each database, and included variations of Dysphagia,
Deglutition disorders, Swallowing disorder, Shaker exercise, Mendelsohn maneuver, Masako
exercise, Tongue hold, Effortful swallow, Protective airway maneuver, Tongue pressure
resistance, and lowa Oral Performance Instrument, among others (please see Appendix for
full listing of MeSH terms). The literature search in this study was limited to peer-reviewed
publications in the broad area of exercise treatment of adults with dysphagia that were
published on or prior 7/2019. No other study design criteria were employed for the literature
search, in accordance with generally accepted scoping review methodology [9].

All 1906 citations were reviewed by both the first and second author (BNK, LMR). Criteria
for inclusion in the review were broad and focused on any exercise-based intervention used
to treat adult dysphagia from any primary etiology. We also included articles trialing
exercise therapies in healthy adults without dysphagia. To meet final inclusion criteria for
dosing specifications, articles had to report at least the frequency and the duration of
exercise. Articles that reported detailed information on all four components of dose were
considered to be “gold standard” articles and are noted in the tables (see Results). Full text
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articles not available to us were excluded from review. Articles were not included if the
resistance exercise treatment was supplemented with an additional stimulation treatment
(e.g. neuromuscular stimulation, thermal or gustatory stimulation techniques) because
stimulation involves a different dosing mechanism than exercise alone. However, for articles
that compared the effects of neuromuscular stimulation to a non-stimulated exercise
condition, data from the exercise-only group were included in our final results. Articles were
excluded from review if they reported exercise interventions lasting less than 4 weeks, did
not involve a resistance exercise component (e.g. range of motion or passive manipulation),
reported on single case studies only, or small case series (n<10). Optimal durations for
exercise treatment programs have not been well defined in limb or cranial muscles [1, 32],
and thus we chose a 4-week minimum treatment duration to allow inclusion of respiratory
muscle training programs, which are usually 4 weeks in length [35].

Data abstraction was performed for all included articles by both the first and second author
(BNK, LMR). Data regarding dosing recommendations (frequency, intensity, repetitions,
duration), populations studied, and exercise-based treatment effects on primary outcome(s)
with reported statistical findings (p-values) were recorded and are represented in Tables 1-7.
Throughout abstract review and data abstraction, if there was disagreement, the first and
second author reached a consensus.

A total of 72 articles met final inclusion criteria.

Exercise Type and Study Population

Avrticles were grouped into tables based on the type of exercise program:

Table 1) 20 articles reporting combination exercise programs (2 or more specific
exercise approaches) [36-55]

Table 2) 16 articles reporting tongue exercise [56—71]

Table 3) 13 articles reporting head lift (Shaker) exercise [72-84]

Table 4) 6 articles reporting respiratory muscle strength training (RMST) [85-90]
Table 5) 7 articles reporting mandible exercises [91-97]

Table 6) 5 articles reporting lip muscle training [98-102]

Table 7) 5 articles reporting other programs (e.g. Pharyngocise) [103-107]

Components of dose reported were variable within an intervention type, especially for
combination exercise programs. Of all 72 articles that met inclusion criteria, 79% met “gold
standard” criteria by including all four components of dose. The majority of articles
included healthy participants (24%), participants with dysphagia resulting from stroke
(25%), or participants with head and neck cancer (25%).

As shown in Table 1, combination exercise programs were the largest group (28%), and
included a wide range of tasks such as tongue exercise (tongue press, tongue resistance,
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tongue elevation, tongue hold, tongue mobility), head lift exercise (Shaker), effortful
swallows, supraglottic swallows, jaw exercise, and pharyngeal exercise. Most programs
defined the exercises in their regimens (85%), while the others (15%) used more general
terminology such as “swallow exercise,” or “therapeutic intervention for swallowing,” but
did not list actual exercise procedures.

For specific exercise categories, respiratory muscle strength training, mandible exercises,
and lip muscle training groups had the most consistent dose reporting, with all articles in
these categories reporting all four components of dose. Most articles reporting tongue
exercise and head lift met “gold standard” criteria as well, with the exception of two articles
in the tongue exercise category [60, 68] and one article reporting head lift [80]. The “other
programs” category included articles that did not fit into the discrete or combination exercise
categories found in Tables 1-6 (see Table 7), with all but two articles [106, 107] meeting
“gold standard” criteria.

Components of Exercise Dose

Exercise dose components were grouped and are discussed here by exercise type
(represented in Tables 1-7).

Frequency was described by all exercise programs in this review, per final inclusion
requirements. For combination exercise programs, frequency varied from as much as 7x/day
for 7 days/week to as little as 3x/day for 3 days/week. Head lift exercises and tongue
exercise had the most consistent recommendations for frequency across all treatment types.
For head lift, 3x/day for 7 days/week was used most often (54%). For tongue exercise,
3x/day for 3 days/week was used most often (31%). All articles that incorporated respiratory
muscle strength training (RMST) used a frequency of 5x/day for either 5 or 6 days a week
(100%). Mandible exercises were performed 2—-3x/day for 7 days/week in 5/7 articles. Lip
muscle training occurred 3x/day for 7 days/week for all 5 articles (100%). “Other” category
of exercise programs varied greatly, ranging from 1x/day for 1 day/week to as many as
4x/day for 7 days/week, depending on the program.

Repetitions were described in 85% of combination programs, 94% of tongue exercise, 92%
of head lift, and all respiratory muscle strength training articles (100%). Repetitions were
described in all mandible, lip muscle training, and the “other” exercises category (100%).
For combination exercise programs, the most commonly reported set of repetitions was 10,
but other repetition counts included 15 and 5. For head lift exercise, 30 lifts were
recommended for isokinetic exercise (lift and lower) and 3 sustained lifts were
recommended for isometric exercise (hold); when head lift exercises were incorporated into
a combination exercise program, these dosing specifications for repetitions were consistently
used. Tongue exercise repetitions ranged from 5 times to as many at 120 reps in a single
session, but most consistently included 30 repetitions per day (38%). RMST consistently
recommended 5 repetitions (100%). For isotonic/isokinetic mandible exercises, over half
studied effects of 30 repetitions (57%) with more varied for isometric (hold) exercises. Lip
muscle training described 3 repetitions per session most frequently (80%). The “Other”
exercise program category had highly variable repetition numbers, with all 5 articles
reporting different numbers.
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Intensity was described in over half (55%) of the combination exercise programs, all but one
tongue exercise and head lift (94% for both), all RMST (100%), all mandible (100%), all lip
(100%), and more than half of “Other” programs (60%). When a device was not used to
provide objective information on resistance (e.g. IOPI, RMST, or other device), intensity
was described as the duration of a sustained hold (e.g., for tongue press or Mendelsohn
maneuver). Other articles used more qualitative descriptors, such as “as hard as possible” or
“maximum effort”.

Duration was included in all exercise programs in this review per inclusion requirements and
had the widest spread across any category. For combination exercise programs, the longest
duration was 11 months post chemoradiation therapy. Head lift exercise duration ranged
from 4-8 weeks. Tongue exercise duration ranged from 4-12 weeks. RMST duration was
between 4-8 weeks. Mandible exercise duration was between 4 weeks up to 1-year post
chemoradiation therapy. Lip exercise duration was between 4 weeks and 6 months. “Other”
exercise programs reported durations that ranged from 4 weeks to 6 months.

Primary outcomes of each study were expressed as treatment effects with statistical
comparisons of either a control group, another treatment group, or change in outcome from
pre- to post-exercise within one group. Of all the articles in this review, 41 used comparison
to control/sham or other exercise group, 29 used a pre-post analysis of the exercise group,
and 2 articles used a unique statistical analysis [41, 72].

Primary outcomes measured in the articles contained in this scoping review were highly
variable. Methods used for deriving outcomes were also broad (please refer to Tables 1-6,
“Primary Outcome(s)” column to see a complete list).

Combination Exercise Articles

The most commonly reported outcomes in the combination exercise articles included grade
of oral intake [36, 37, 41, 55], and measurements of change on videofluoroscopy using
either the Penetration Aspiration Scale [37, 44, 45, 108] or another rating method [39, 42,
48, 49, 51, 52]. Other outcomes included percutaneous endoscopic gastrostomy (PEG) tube
dependence[36, 37], lingual pressure measurements [40, 53], or rating scales (i.e. MD
Anderson Dysphagia Inventory) [38, 39, 42, 47, 48, 53, 54]. All but three articles [42, 46,
53] reported at least 1 significant finding in the outcome(s) measured following the
combination exercise program. However, as shown in Table 1, it was not apparent that
improvements in various outcome measures following combination exercise programs were
attributable to use of particular treatment doses.

Tongue Exercises

The primary goal of tongue exercise is to increase peak lingual pressure generation [109].
However, the effects of tongue exercise on tongue pressure during swallowing, penetration,
aspiration of material into the airway, and amount of residue in the oropharynx were also
studied [109]. All 16 tongue exercise articles reported on changes in lingual pressure
generation anteriorly, posteriorly, or both. All articles except one [58] found significantly
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increased tongue pressure after tongue exercise (p<0.05), regardless of differences in
exercise repetitions, frequencies, and treatment durations. One study compared various
tongue exercise intensities, but did not find a difference among training levels at 60%, 80%
or 100% of a 1 repetition maximum (1RM) over 8 weeks [70]. Airway invasion, as measured
using the Penetration Aspiration Scale [108] on videofluoroscopy, was an outcome in 5
articles [57, 64-66, 71]. Only one study [57] found any significant improvement in airway
invasion after 4 weeks of tongue exercise. This study used 5 tongue presses per session and
was not facilitated by a device. Further, this study used fewer presses per session than many
of other tongue exercise articles, which typically reported at least 30 presses per session (see
Table 2). The other 4 articles did not find any significant impact on airway invasion after
tongue exercise at any dose. Five articles examined residue, using a variety of techniques to
quantify location and amount [57, 64-66, 71]. Of these, 2 articles [57, 65] found significant
decreases in residue after a course of tongue exercise. Neither of these articles included a
control or sham condition. Accordingly, it is unclear whether these findings resulted from
tongue exercise alone or another factor.

Head Lift Exercises

The purpose of the head lift exercise (Table 3) is to improve opening of the upper esophageal
sphincter by increasing movement of the hyolaryngeal complex upward and forward [110].
Given the goals of this exercise, the three most common outcome measures used in 13
articles targeted were changes in hyoid bone movement [72, 74, 76, 77, 79], suprahyoid
muscular activation [78, 81, 84], and UES opening [72, 74, 76, 77]. For changes in hyoid
excursion, 3 out of 5 found significantly increased hyoid movement (anteriorly) [72, 74, 79],
but 2 articles did not [76, 77]. Most of these articles used the same or a similar protocol for
head lift exercise [72, 74, 76, 77]. Suprahyoid activation was significantly increased after
exercise in 2 out of 3 articles, with no significant treatment effects in the study with the least
frequently prescribed exercise frequency (1x/day; 2 days/week) [84]. Anterior-posterior
opening of the UES was significantly greater in 3 out of 4 articles [72, 76, 77].

Respiratory Muscle Strength Training

In dysphagia treatment, the goals of RMST are to improve swallow function by increasing
respiratory muscle strength, because respiration and swallowing actions are highly
coordinated [35]. Swallowing outcomes in the RMST articles included in this review were
particularly broad. The most common measure was the Penetration Aspiration Scale (PAS)
[108], reported in over half of the articles [85-88], with only 3 of the 4 reporting a
significant improvement in PAS score [85-87]. Other outcomes were Modified Barium
Swallow Impairment Profile [111] (MBSImP) components [85, 88], UES opening and
closure [87], and the SWAL-QoL [87, 90] with mixed findings across articles. As shown in
Table 4, all articles that reported an exercise frequency of 5x/day for 5 days/week found that
at least 1 or more swallowing outcome improved with treatment. However, an increase in
frequency did not yield greater improvements in swallowing outcomes, as indicated by the
lack of significant changes reported in a study using a 5x/day for 6 days/week [90] regimen.
This result could be due to the unique study population (Huntington’s Disease), or aspects of
its methodology [90]. This was the only study that included both inspiratory and expiratory
training, and intensity was set to 30% of maximum at baseline, with increases of 15% every
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month [90]. Intensities in all other articles ranged from 60% - 75% of maximum expiratory
capacity.

Mandible Exercises

These exercises included jaw opening, jaw closing, and chin tuck against resistance (CTAR).
Four out of 7 of articles that examined mandibular exercises were published within the last
four years. One study [93] measured chin tuck strength, jaw opening strength, tongue
strength, muscle volume, and changes in videofluoroscopy and found significant changes in
all but the videofluoroscopy parameters. Another article reported significant weight gain
after 1 year of CTAR and TheraBite therapy 3x/day at 7 days/week [92]. Two articles [95,
96] examined effects of jaw opening exercise on hyoid movement and reported significant
increases in hyoid elevation (p<0.05). Other articles in this category looked at Penetration
Aspiration Scale (PAS) [108] ratings [94, 97], laryngeal elevation and epiglottic closure
[91]. Articles in this category had a wide range of methodologies in treatment administration
and outcome measurement, making it difficult to make comparisons regarding exercise
dosing and statistical findings.

Lip Muscle Training

Lip muscle training is used in rehabilitating oral function after stroke, and has also been
used to facilitate improvements in swallowing outcomes [99]. The principles behind 1Qoro®
lip muscle training are based on neuroplasticity, which is different from many of the muscle
strength based approaches in these other dysphagia treatments [99-101]. The two articles
using the 1Qoro® training method with stroke patients focused on outcomes related to facial
activity testing and swallowing function [99, 100], both showing significant improvements
in “swallowing capacity” (amount of water swallowed, mL/s) and “oropharyngeal motor
function” (not specified), respectively. Dose methods in these articles were very similar, with
the largest variation being in duration of treatment, ranging from 4 weeks to 6 months.
Articles reporting shorter treatment durations of 4-8 weeks [98, 102] found significant
changes in lip force and “eating behavior,” which may indicate that changes from this
treatment may occur within shorter periods of time.

Other Exercise Articles

Outcomes for the “other” category included tracking hospitalizations for pneumonia [103],
anatomical landmark changes with swallowing (i.e. UES opening, laryngeal excursion)
[104], Functional Oral Intake Scale (FOIS)[112] scores [105], and measurement of muscle
size and composition using MRI techniques [106]. All five articles reported positive and
significant changes in these individual swallowing outcomes following their interventions.
Because of the different exercises and outcomes reported in these articles, comparisons
related to dosing and outcomes are not possible across treatments.

Discussion

The purpose of this scoping review was to: 1) examine the dysphagia literature to provide
the range of resistance-based dysphagia exercise doses reported in peer-reviewed
publications, and 2) demonstrate the importance of dose consideration in our exercise-based
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dysphagia treatments. Our broad search resulted in inclusion of 72 articles. While this
review involved a complete literature search of four databases, it was not a systematic review
because article inclusion was not limited by aspects of research design, such as evidence
level achieved, number of participants included, and other considerations operationally
defined in a rigorous systematic review [10]. Given the wide variability in treatment methods
reported across articles, and the variety of outcomes reported, it was not possible to
determine the “best” or “most effective dose” of resistance exercise for the treatment of
dysphagia.

To achieve the first aim of this review, we provided an overview of the articles that reported
at least the frequency and duration of exercise in their methods to create a record of exercise
doses found in the research literature. We found that there are a wide range of doses and
outcome measures reported in the dysphagia exercise literature. Within individual treatment
categories, some components are more homogenous than others. For example, in the tongue
exercise category, most articles reported 3x/day for 7 days/week for exercise frequency with
30 repetitions. For respiratory muscle strength training, articles often reported doses of
5x/day for 5 days/week, 5 sets of 5 repetitions, and 60—-75% maximal expiratory capacity.
However, across categories, duration and intensity were varied overall. This record clearly
demonstrates the lack of agreement in dose prescription across interventions in our field.

In relation to our second aim, findings suggest that a broad discussion of methodological
considerations in dysphagia treatment research is necessary to allow for discovery of the
most effective exercise doses for different treatments and patient groups, as well as adequate
comparison of study outcomes. Controlled studies that test and clearly report exercise doses
are needed to allow development of guidelines that improve reproducibility in dysphagia
research. This is an important consideration in delivery and reimbursement of speech-
language pathology services. For example, through Medicaid, speech-language pathology
treatments must be “reasonable [and have the] appropriate amount, frequency, and duration
of treatment in accordance with standards of practice” [113]. The findings of this review
demonstrate a clear need to better define these characteristics of exercise dosing to allow
demonstration of treatments that are medically necessary and that will provide patients with
adequate benefits to ensure best practice.

Findings from this review demonstrated a large breadth in reported dosing methodology in
dysphagia research as a whole. While some interventions, such as the head lift maneuver,
had more consistently reported dosing components, the majority of treatments had a wide
range of reported frequencies, repetitions, intensities, and durations. For combination
studies, the range of exercises and doses was very widespread. With so many combinations
of exercises and various doses reported, it is likely difficult for the dysphagia clinician to
identify an optimal dose for use with a particular patient. Although we did not perform a
formal quality appraisal as a part of this scoping review, we did require at least exercise
frequency and duration to be reported, at a minimum, for inclusion. While many of the
included articles reported all four components of dose (79%), there is concern regarding the
reproducibility of the remaining articles, either for research or clinical use. Omission of even
one parameter integral to reproducing the exercise condition, or a lack of detail in
description of exercise methodology and outcomes measured could prevent study
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replication. Without this information explicitly reported, it is difficult to compare and
interpret the relative effectiveness of treatment regimens between articles. Therefore, we
must ensure that we sustain a high level of scientific rigor in reporting of study methodology
by providing detailed information about all four components of dose, and specifics on how
an exercise intervention was carried out. These descriptions should also include measures of
patient performance or adherence, which are critical factors to ensuring reproducibility and
validity of comparisons across future articles.

Another area that emerged as a concern in quality and reproducibility was outcome
selection. As we reported in the results, there are a wide range of outcome measures selected
and reported for various articles within the same treatment type (See “Primary Outcomes” in
Tables 1-7). This lack of uniformity in outcome selection prevents us from performing any
meta-analyses or true comparisons between different dose prescriptions. Even in the case
where PAS scores are reported across multiple articles, there are various methods that can be
used to evaluate videofluoroscopic swallow studies to obtain these ratings. This makes direct
comparison of findings even among these articles using PAS ratings more difficult,
especially if videofluoroscopic protocols are not well described (i.e. bolus type, order,
administration, size) or the method of generating ratings differs between articles (e.g.
average of PAS score across swallows, vs “worst” PAS score across swallows). Some
articles developed their own outcome measurement (i.e. swallowing capacity or “Water
Swallowing Test”) that are not used broadly in dysphagia literature. The problem of
outcome/assessment selection was apparent in this study, and should be considered when
interpreting these dose-related findings for clinical practice or future research.

Limitations in the Literature

In evaluating the research literature examining exercise-based dysphagia interventions, we
noted that many articles did not provide a detailed account of the exercise methodology used
in their studies. When designing and reporting human subjects research studies, researchers
should provide sufficient detail to allow replication and thus must report, at a minimum,
basic information such as details of participant selection, interventions used, outcomes
assessments and a rationale for their selection, sample size and statistical methods, and if
appropriate, blinding and randomization [114]. These guidelines have been clearly
articulated in the Consolidated Standards of Reporting Trials (CONSORT), which can be
adapted to any number of research designs [114]. We encourage researchers in our field to
use these guidelines not only during manuscript preparation to guide methods reporting, but
early in study development to ensure scientific rigor.

Conclusion

Exercise approaches available to the dysphagia clinician might include resistance exercise,
neuromotor exercise, or flexibility exercise (stretching). The ACSM recommends dose
prescription for these exercise categories that are outlined in Table 8. While the ACSM
guidelines provide a starting point toward development of dosing criteria in dysphagia
treatment, these recommendations may not be entirely applicable to dysphagia treatment,
given anatomical and functional differences between spinal motor systems and the upper
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aerodigestive tract [115]. More systematic, high quality studies of varying exercises doses
across exercise-based dysphagia treatments are required to improve our evidence base
regarding dose recommendations. A consensus among dysphagia clinicians and researchers
can then be reached to standardize dosage parameters for exercise treatments across care
settings. In general, it is unlikely that there is a singular optimal exercise dose for each
specific exercise protocol. It is more probable that optimal dosing for a specific exercise will
differ depending on the patient’s age, sex, comorbidities, primary etiology, physical fitness,
and other factors. [116] The continued exploration of how different components of
dysphagia exercise dose can be altered to maximize benefit for different individuals with
dysphagia is required to improve clinical protocols for the wide range of people who are
treated for dysphagia. The development of exercise-training programs that can be readily
modified or tailored to target specific population(s) will be required to maximize outcomes.
[116]

In future work on dysphagia exercise dose, we encourage researchers to consider these
components of exercise dose (frequency, repetitions, intensity, duration) when designing and
reporting on exercise-based treatment methods. For clinicians seeking to engage in evidence-
based practice for dysphagia therapy, the tables provided that summarize the current
evidence can serve as a reference point when developing patient-specific treatment plans.
Regardless of the challenges that exist related to differentiating dose recommendations in
these resistance-based exercise programs, continued work in this area is critical for
continued refinement of current practices to provide our patients with the highest level of
evidence-based care.
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((C(C(((((tongue[tw] AND (pressure*[tw] OR resistance[tw] OR hold*[tw] OR lift*[tw] OR
strength*[tw]))))) OR (effortful swallow*[tw] OR shaker exercise*[tw] OR mendelsohn
maneuver*[tw] OR supraglottic swallow*[tw] OR exercise*[tw]))) AND (((deglutition
disorders[mh] NOT gastroesophageal reflux[mh]) OR (deglutition disorder*[tw] OR
dysphagia[tw] OR swallowing disorder*[tw] OR swallowing difficult*[tw])))))))
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swallow*” OR “shaker exercise*” OR “mendelsohn man*” OR “supraglottic swallow*” OR
exercise*) ) ) AND ( (“deglutition disorder*” OR dysphagia OR “swallowing disorder*” OR
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Fig. 1.
Determinants of dose in dysphagia specific exercise-based interventions
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