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Abstract

Dysphagia in motor neuron diseases (MNDs) is highly complex, affecting all stages of swallowing
and leading to impaired swallowing safety and efficiency. In order to explore the degree to which
research is capturing the symptom of dysphagia in MND, we conducted a scoping review of the
existing literature. The primary aims of this review were to identify common themes within the
literature on dysphagia in MND, explore patterns and trends in research focus, and identify if any
imbalances exist between the research themes related to dysphagia description and management.

Methods—A comprehensive search strategy yielded 1690 unique articles for review. Following
relevance screening, a total of 157 articles were included in the synthesis. Relevant data and
keywords were extracted from each article and grouped into themes. Frequency estimates were
calculated for each theme to identify trends across research literature.

Results—Swallowing impairment in MNDs is described in a variety of ways across current
research. The most commonly reported theme was Aspiration/Penetration, mentioned in 73.2% of
all included articles; a significant imbalance was identified between reports of swallowing safety
and efficiency (p=0.008). The most frequently reported theme related to dysphagia management
was Enteral Nutrition, and very few studies have reported on the efficacy of Rehabilitation/
Compensatory recommendations.

Conclusions—It is suggested that researchers and clinicians remain mindful of imbalances and
gaps in research, and aim to characterize dysphagia in MNDs in a comprehensive manner. Further
research investigating discrete, measureable changes in swallowing pathophysiology would be
beneficial to delineate the key factors contributing to impaired swallowing safety and efficiency.
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INTRODUCTION

Motor neuron disease (MND) represents a class of neurodegenerative disorders
characterized by progressive deterioration of motor neurons, leading to weakness, spasticity,
and atrophy of the innervated muscles [1]. In addition to classic Amyotrophic Lateral
Sclerosis (ALS), which affects upper and lower motor neurons of the corticobulbar and
spinal tracts, the International Statistical Classification of Diseases and Related Health
Problems (ICD-10) recognizes three additional subtypes of MND, based on differing
patterns of motor neuron involvement (i.e., upper vs. lower motor neurons), and muscle
involvement (i.e., spinal vs. bulbar). These subtypes include progressive bulbar palsy,
primary lateral sclerosis, and progressive muscular atrophy [2] (summarized in Table 1).
Progressive bulbar palsy (PBP) leads to degeneration of upper and lower motor neurons,
selectively affecting bulbar musculature, and has a relatively shorter predicted survival.
Primary lateral sclerosis (PLS) is diagnosed when only upper motor neurons are affected. In
contrast, progressive muscular atrophy (PMA) affects lower motor neurons only, and
primarily involves spinal muscle groups. Disease progression is generally slower and longer
for individuals with PMA and PLS, compared to classic ALS or PBP. Due to these
differences in motor neuron and muscle involvement, there is inherent variability between
the subtypes of MND. Still, the diagnoses are not mutually exclusive, as each has the
potential to be relabeled as classic ALS if additional pathophysiological signs develop [3-8].

At this time, there is no cure for MND, and symptomatic management is the primary course
of treatment [9-12]. This highlights the importance for researchers and clinicians to identify
and explore mechanisms of impairment early, in order to provide management options in an
appropriate and timely manner.

Dysphagia (i.e., swallowing impairment), is one of the most common and devastating
symptoms affecting individuals with MND, particularly when bulbar muscles are involved
[7], as in PBP, PLS and ALS. Dysphagia is a serious medical complication that places an
affected individual at risk for dehydration, malnutrition, and pneumonia secondary to
aspiration (i.e., material entering the airway below the level of the vocal folds). Estimates of
dysphagia prevalence in patients with ALS, for example, range from 60-86% [13,14], with
additional sources suggesting that almost all patients with ALS will eventually develop
dysphagia to some degree [15,16]. Although prevalence rates of dysphagia among other
subtypes of MND are not as clearly defined, swallowing problems have been identified in all
four subtypes [16-19]. In a study by Leighton et al. (1994), swallowing problems were
identified in 89% of included participants with PBP, 45% of participants with PMA, and
29% of participants with classic ALS. Signs and symptoms of dysphagia in patients with
MND may include loss of food and liquids out of the mouth, premature entry of liquids into
the pharynx prior to swallowing, difficulty clearing bolus material from the oral cavity and
pharynx during swallowing (i.e., post-swallow residue), frequent episodes of coughing/
choking on food or liquids, and esophageal dysmotility [7]. As the disease progresses,
individuals with MND ultimately experience a worsening of symptoms, affecting quality of
life and placing increased demands on the healthcare system to evaluate and manage
symptoms appropriately. When dysphagia is paired with respiratory impairment, the risk of
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developing aspiration pneumonia increases significantly; for patients with ALS, broncho-
and aspiration pneumonia are leading causes of death [20].

Although research investigating the presentation of dysphagia across the MNDs has
provided insight into its prevalence and clinical presentation, there is an ongoing need for
additional research to delineate the key physiological mechanisms contributing to functional
swallowing impairment, and determine appropriate rationales to recommend or refine
existing management strategies. Further, given the variability of dysphagia within and
between MND types, and as it evolves throughout disease progression, it is important for
research to capture and investigate the full range of swallowing challenges experienced by
individuals with MND, and delineate the factors that affect presentation of dysphagia
between the four MND subtypes.

We conducted a scoping review in order to summarize the profile of existing research on
dysphagia across the subtypes of MND, and to identify gaps in the existing literature. We
followed current guidelines for scoping review methodology [21-24] to address the
following research questions:

1 How does the current research literature describe swallowing physiology and
dysphagia in MND?

2. How is swallowing physiology and function in individuals with MND being
measured and reported?

3. What recommendations are currently being made for the management of
dysphagia in MND?

We kept the search strategy broad to include all four subtypes of MND, due to differences in
terminology between different geographical regions (e.g., “Motor Neurone Disease”
commonly used synonymously with ALS in Europe), fluidity between subtypes (e.g., PBP
typically progresses to classic ALS with onset of spinal muscle involvement), and shared
pathophysiology of motor neuron cell death captured under ICD-10 Code 12.2.

METHODS
Search Strategy

We conducted an initial literature search in October 2015, and updated the search on
February 71, 2017. Forty-seven terms related to dysphagia and MND were translated across
six databases (Medline, EMBASE, CINAHL, SpeechBite, CENTRAL, Pubmed) by a
qualified research librarian. The entire search strategy can be found in Appendix A.
Retrieved citations were imported into EndNote X5® software for removal of duplicates,
data management and storage. Overall, the search yielded a total of 1691 unique articles for
relevance screening.

Relevance Screening

During initial inclusion screening, titles and abstracts were copied into a Microsoft Excel
spreadsheet, labelled by EndNote® record number. Title and abstract screening was
completed by two independent raters using a shared relevance screening form, with 20%
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duplication for interrater comparison. At this stage, raters were blinded to the publishing
journal and author names to minimize bias related to recognition of familiar authors” names.

Following title and abstract screening, full-text articles were reviewed by the first author for
final inclusion in the planned qualitative synthesis. Articles were excluded if they: (1)
reported on a population that was not a subtype of MND, under ICD-10 code G12.2; (2)
failed to describe swallowing, dysphagia, or dysphagia management; (3) were not a peer-
reviewed journal article; or (4) were not available in English.

Data Extraction & Synthesis

RESULTS

Thematic analysis was completed in two steps: theme identification and tabulation. To
identify themes within the dataset, key words and findings were extracted from each
included article and summarized in a Microsoft Excel spreadsheet, separating distinctive
keywords and phrases using consistent notation (e.g., “Individuals with MND experience
coughing during meals, frequent episodes of aspiration, and may require nutritional support
via PEG tube” — EXTRACTED — [aspiration; coughing during meals; PEG]). The
resulting data were filtered to identify unique keywords, which were then manually grouped
into related themes and sub-themes. The resulting themes were reviewed iteratively by both
raters for feedback and clarification, until consensus was reached.

Theme headings were used to create a form to count the occurrence of each theme within
each article. This step was necessary to calculate the frequency with which each theme
occurred across the entire set of included articles, and to control for cases where the same
theme was noted more than once in the same article, using slightly different terminology
(e.g., [aspiration]+[choking] occurring in the same article would be counted once in the
“Aspiration/Penetration’’ theme). Tabulation was completed by two independent raters, with
20% duplication for interrater comparison. Field codes were used during tabulation to
delineate original research findings, either obtained from clinical observations (i.e., clinical
findings: [CF]) or instrumental assessment (i.e., instrumental findings: [IF]), for later
comparison against themes that were identified as coming from secondary sources (i.e.,
review: [R]). Following tabulation, proportions were calculated for themes and sub-themes
within Excel.

Following relevance review, a total of 157 full-text articles were included in the qualitative
analysis for theme identification and appraisal of research trends.

Interrater Agreement Statistics

Percent agreement was calculated for article inclusion/exclusion decisions during title and
abstract screening, and for the tabulation of theme occurrence during review. Interrater
agreement during initial title and abstract relevance screening was 87%; articles in
disagreement were automatically included in detailed full-text review. Overall, substantial
agreement was achieved during theme tabulation, calculated using the Kappa statistic [25]
(summarized in Table 2).
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Descriptive Statistics

The majority of articles originated from the United States (32.5%) and United Kingdom
(21.7%) (see Table 3). The search yielded a greater number of original, non-review articles
(78.3%), than secondary source review articles (21.7%). The most commonly discussed type
of MND was ALS (69.4%). See Table 3 for a full summary of the included articles, and
countries of origin. A list of all included articles can be found in Appendix B.

Themes — Dysphagia Description
Descriptions of dysphagia varied widely across research articles. All primary themes are
shown in Figure 2, in order of frequency. The following primary themes were identified at
least 30% of the articles reviewed (N=157): Aspiration/Penetration (13.2%), Consequences
of Dysphagia (66.2%) (e.g., prolonged mealtimes, aspiration pneumonia), Changes in
Muscle Tone contributing to dysphagia (58.6%) (e.g., tongue weakness, hyper-/
hyporeflexia), Oral Phase Difficulties (55.4%), Pharyngeal Phase Difficulties (55.4%),
measures of Functional Swallowing Ability (36.3%) (e.g., diet tolerance, reduced
swallowing capacity), and issues with Secretion Management (35.7%) (e.g., sialorrhea, thick
secretions). Other themes that emerged less frequently (i.e., in <30% of all 157 articles)
included: Laryngeal/Respiratory Function in relation to dysphagia (27.4%), changes in
Sensory Function (12.1%), Esophageal Difficulties (10.2%), and Cortical/Histological
findings related to swallowing or dysphagia in individuals with MND (5.7%). Of note, there
was significant overlap between themes, as more than one theme was often discussed in the
same article.

Swallow Physiology and Function in MND

Sub-themes related to swallowing physiology and function were identified within the Ora/
and Pharyngeal Phase Impairment themes. The most commonly noted concern within the
oral phase was impaired bolus preparation and bolus propulsion, reported in 27.4% (i.e.,
43/157) of all included articles. Additional oral phase sub-themes included: /mpaired
Chewing, Poor Oral Containment (anteriorly or posteriorly), Oral Residue, Impaired Tongue
Movement during the swallow, and Changes in Oral Timing/Coordination. By contrast,
Impaired Pharyngeal Timing/Coordination (e.g., delayed swallow onset) was most
commonly discussed in reference to Pharyngeal Phase Difficulties, occurring in 29.3% of all
included articles (i.e., 46/157). Keywords related to Aspiration/Penetration were grouped
independently from specific phases of swallowing, as it was not always clear when a
reported event occurred (i.e., before, during, or after the swallow), and the proportion of
articles discussing this theme greatly outnumbered all other themes.

Instrumental Assessment

Of all original research articles (i.e., n=123; excluding secondary source review articles), 71
articles (57.7%) used instrumental assessment to support their descriptions of dysphagia,
summarized in Table 3. The majority of studies used a form of radiographic imaging
(39.8%) or endoscopy (14.6%), and although 64.8% of studies (i.e., 46/71) used only one
tool, 38.0% (i.e., 27/71) of studies with instrumental assessment methods used two or more
tools simultaneously (most commonly, videofluoroscopy + manometry (n=8);
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videofluoroscopy + endoscopy (n=2); videofluoroscopy + manometry + endoscopy (n=3)).
In terms of analysis, observations from instrumental assessment were most often descriptive
in nature (e.g., “reduced hyolaryngeal elevation”), rather than reporting quantitative
measurements of physiology and function. Instrumental assessment tools were used more
frequently in original research articles which specifically reported findings related to
Aspiration/Penetration (62.5%; i.e., 35/56), Oral Phase Difficulties (66.0%; i.e., 35/53) or
Pharyngeal Phase Difficulties (91.7%; i.e., 44/48).

Safety vs. Efficiency

Figure 3 shows a trend in research reporting on swallowing safety and swallowing
efficiency. Although a rising trend is seen across both themes over time, a significant
discrepancy exists between the proportion of articles reporting Post-Swallow Residue
(29.9%) compared to those reporting Aspiration/Penetration (73.2%) (Pearson X2:6.961,
p=0.008).

Management Options

Over 100 unique keywords were identified related to dysphagia management in MND,
across 117/157 articles. When grouped thematically, the most commonly discussed
management recommendation was Enteral Nutrition, occurring in 63.1% of all articles (i.e.,
99/157). Remaining management themes included: Dietary and Texture Modification
(40.8%), Rehabilitation/Compensatory Strategies (37.6%), treatment options for
Cricopharyngeal Dysfunction (14.0%), treatment to aid Secretion Management (10.8%),
Surgical Treatment (excluding cricopharyngeal myotomy) (8.9%), and “Other” options
which did not group within a common theme (e.g., pharmaceutical, prosthetic) (7.6%).
Across decades, steady rising trends are seen for Enteral Nutrition, Dietary and Texture
Modification, and Rehabilitation/Compensatory Strategies, while Surgical Treatmentand
treatments for Cricopharyngeal Dysfunction or Secretion Management have remained
relatively stable (i.e., <10 articles per decade, shown in Figure 4). Notably, 48.7% of
recommendations (i.e., 57/117) were based on secondary source review (i.e., coded [R]), and
47.0% of recommendations (i.e., 55/117) were based on clinical observation or patient report
(i.e., coded [CF]). Only 5 articles reported using instrumental assessment to evaluate a
recommended treatment approach (i.e., coded [IF]).

DISCUSSION

The aim of this scoping review was to summarize the existing research literature in terms of
how dysphagia in MND is described, and how it has been studied to date. Our results point
to various strengths and limitations in the existing knowledge base, which can be used to
guide future research and provide suggestions to clinicians working with individuals with
MND.

Question 1: How does the existing research describe swallowing physiology and
dysphagia in MND?

Although there are common physiological characteristics, the individual presentation and
clinical impact of dysphagia in MND is highly variable. It is encouraging that the
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description of dysphagia across existing research is comparably variable, and reaches
beyond the physiological changes seen in swallowing. While we identified many common
themes that describe dysphagia in MND in terms of its clinical presentation (e.g.,
Aspiration/Penetration, Oral Phase Difficulties, Pharyngeal Phase Difficulties), we also
identified descriptors related to the physiological changes contributing to swallowing
impairment (e.g., Changes in Muscle Tone), and personal/health-related Consequences of
Dysphagia (e.g., reduced quality of life, chest infections, malnutrition). The relationships
between swallowing function, disease severity, and secondary health consequences are
important to consider when gaining the full clinical picture of ALS and related MNDs. In
addition to the physiological health risks associated with dysphagia, swallowing
impairments in individuals with ALS are also associated with fatigue and prolonged eating
duration, contributing to overall reduced swallow-related quality of life [26]. Figure 5 is a
schematic illustration of several possible relationships between swallowing function and
related themes, which are extrinsically related to swallowing physiology and function. As
we were unable to explore these relationships in detail within the context of this scoping
review, future research and systematic review exploring the various relationships between
swallowing function and each extrinsic theme these themes will be of great value.

As aforementioned, the research articles included in our thematic analysis include reports on
all four MND subtypes, with ALS representing much of our data. When we explored the
research reporting themes for classic ALS independently from non-ALS subtypes of MND,
or unspecified/aggregated MND data, the descriptive themes did not change significantly.
Still, it is important to note that the subtypes are known to differ in terms of disease
progression, prognosis and overall impact on functional independence. Further, the clinical
presentation and progression of swallowing impairment and dysphagia in MND is
heterogeneous — even between subtypes classic ALS, grouped by onset-type (i.e., bulbar- vs.
spinal-onset). Several factors reported to influence or predict the severity and rate of
progression of dysphagia in MND (particularly ALS), include: age at disease onset (i.e.,
older individuals often progress faster, require non-oral feeding sooner) [27-29], sex (i.e.,
females often present with bulbar symptoms earlier, and possibly greater severity)
[27,30,31], and symptom onset (i.e., bulbar-onset ALS and PBP show faster rate of decling,
different clinical presentation) [13,15,30,32,29]. Disease duration and the length of time
since onset of bulbar symptoms have also been reported as prognostic indicators of function
and severity [29,33].

With respect to non-ALS subtypes of MND, few studies reported only on PBP (n=4) or PLS
(n=2), and no studies reported only on swallowing in PMA. To that end, we do not have
enough information to provide comprehensive presentations of dysphagia and swallowing
physiology, by MND subtype. Still, some common features of dysphagia have been noted
for specific subtypes; individuals with PBP (n=5 studies) are reported to have issues with
chewing and oral bolus preparation, attributed to orofacial weakness, and may require
multiple swallows to clear a single bolus. Further, individuals with PBP may present with a
weak cough, bowing of the vocal folds, orofacial pain or changes in sensation, as well as
oropharyngeal retention and prolonged esophageal transit [34-37]. Common features that
have been noted for individuals with PLS (n=3 studies) include: choking, impaired tongue
movements, nasal regurgitation, and increased esophageal transit time [19,38].
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A recent report by Szacka and colleagues (2016) is the only study we identified which
reported independent results for each MND subtype. In this study, results from scintigraphy
showed that patients with classic ALS and PBP demonstrated oropharyngeal retention and
prolonged esophageal transit, while individuals with PLS and PMA presented only with
prolonged esophageal transit [17]. Upon further exploration of UMN versus LMN
involvement in the participant sample, the authors were able to infer that LMN damage
appeared to have the greatest influence on esophageal transit. Future studies may consider
characterizing participant samples in a similar manner, by reporting by subtype and
providing estimates of UMN/LMN and spinal/bulbar involvement to explore additional
variables related to swallowing function in MND.

Question 2: How is swallowing physiology and function in individuals with MND being
measured and reported?

Instrumental assessments provide the most comprehensive evaluation of swallowing
physiology through visualization of the swallowing sequence, and/or measurement of
swallowing function. Although 91.8% of studies describing Pharyngeal Phase Difficulties
based their data on instrumental assessment, reports of Oral Phase Difficulties and
Aspiration/Penetration were more likely to be based on clinical signs and patient-reported
symptoms; instrumental assessments were cited as the source of these observations 65.5%
and 62.1% of the time, respectively. As recent findings have identified that aspiration may be
silent in individuals with MND (e.g., [16,39-41]), this challenges the sensitivity and
specificity of clinical observation and patient report, and highlights the importance of
conducting instrumental assessment of swallowing with these individuals. In the clinical
context, considerations regarding patient goals and priorities, rate of disease progression,
and risks associated with repeat radiation exposure (i.e., videofluoroscopy) will help guide
the use of instrumental assessment.

Instrumental assessment of swallowing has provided insight regarding the pathophysiology
of swallowing in MNDs. Observations from radiographic imaging and endoscopy include
delayed swallow onset [15,39,41-44], the occurrence of penetration/aspiration
[13,15,16,18,27,33,39,41-62] and post-swallow residue
[15,16,33,39,41,42,44,47,49,52,53,57-63]. Additional reports from VFSS indicate reduced
hyolaryngeal movement [15,33,43,45,53,64] and incomplete laryngeal closure [45,39]. Still,
the majority of studies reporting swallowing physiology/function present observations in
descriptive terms, limiting our ability to compare results across studies or measure discrete
degrees of change. For example, hyolaryngeal excursion is often reported as “reduced” (e.g.,
[33,45,60]), however, when measured in reference to a scalar or anatomical marker, the
results are more variable (e.g., [51,65]). Quantification of swallowing physiology has largely
been limited to studies using manometry (e.g., [40,59,66]) and EMG (e.g., [67,68]).
Manometry studies have yielded measures of reduced pharyngeal pressure during
swallowing, and variable cricopharyngeal tonicity [16,41,45,40,69-71]. Recordings taken
from EMG have identified longer swallow durations [67,68,72], variability in
cricopharyngeal pause duration [68,72], and discoordination between the timing of laryngeal
excursion and cricopharyngeal relaxation [72]. Additional tools used as part of a swallowing
assessment, including spirometry/airflow measures, tongue pressure measurement, and
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sonography, have identified (respectively): irregularities in voluntary cough airflow and
respiratory-swallow coordination [67,73-75], reduced swallow pressures and maximum
isometric tongue strength [52,76—78], and reduced tongue thickness and reduced/
disorganized tongue movement during swallowing [29,78,79]. Taken together, research to-
date has generated a great deal of information regarding the physiological and functional
differences of swallowing that may be observed in individuals with MND. An appropriate
next-step is to identify relationships between swallowing physiology and function;
knowledge regarding these relationships remains limited as few studies have sought to
isolate the key physiological mechanisms contributing to functional impairment.
Associations have been identified between reduced tongue thickness, tongue strength, and
the presence of oral residue; further, predictive associations have been identified between
measures of voluntary cough airflow and risk of aspiration [74]. Reasonable relationships
have also been postulated between pharyngeal pressure and the accumulation of post-
swallow residue (e.g., [40]), as well as premature spill of liquids or hyolaryngeal elevation
and risk of penetration/aspiration (e.g., [39]); however, direct correlations and associated
estimates of relative risk have yet to be established. Further exploration of the key
physiological mechanisms contributing to functional swallowing impairments will provide
outcome measures for clinical trials, serve as markers to identify relative risk of functional
impairment, and provide proof of principle for targeted swallowing management options.

Impairments in swallowing safety and efficiency have been recognized in individuals with
MND since the 1960s; in fact, three of the four earliest articles included in this review
reported radiologically-confirmed impairments in both swallowing safety and efficiency
[49,58,63]. However, over time, research has placed a greater emphasis on swallowing safety
than swallowing efficiency: almost three-quarters (73.6%) of research articles identify
Aspiration/Penetration as a concern in individuals with MND, while just under a third
(30.2%) discuss Post-Swallow Residue; (27.7% discuss both). We hypothesize that this
discrepancy is stable across the field of dysphagia, due to known risks associated with
aspiration, including aspiration pneumonia. Still, this finding highlights an imbalance in
research focus that has the potential to minimize the occurrence and clinical importance of
post-swallow residue. In non-MND populations, post-swallow residue has been linked with
malnutrition [80-82], which poses an inevitable concern faced by individuals with ALS and
related MNDs. Further, some reports from instrumental assessment show that the occurrence
of post-swallow residue is more frequent than aspiration [44,52,58-60,62] in patients with
ALS, and may even present an independent risk factor for later aspiration events [39,40,66].
In a recent study by Fattori and colleagues (2016), post-swallow residue was found to be
significantly associated with clinical stage of ALS, measured by the Amyotrophic Lateral
Sclerosis Functioning Rating Scale (ALSFRS-R) [84], regardless of onset-type. Taken
together, these reports suggest that more research is needed to investigate the factors which
lead to the accumulation of post-swallow residue, and the impact it has on individuals with
ALS and related MNDs.

Question 3: What recommendations are being made for dysphagia management?

Across the literature, the most common recommendation for dysphagia management in
patients with MND is enteral nutrition. As MNDs are progressive with no known cure,
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enteral nutrition is a key management option to reduce the risk of secondary consequences
resulting from dysphagia, and maintain optimal health status. Enteral nutrition has been
shown improve or maintain to nutritional status [85], weight gain [86-88], and prolonged
survival [89,90] provided that respiratory status is adequate [91,92]. Current
recommendations indicate that prophylactic introduction of an enteral nutrition method (e.g.,
PEG-tube) is preferred, in order to supplement nutrition early and ensure that respiratory
capacity is adequate (e.g., FVC>50%) at the time of surgery [93,94]. Still, enteral feeding
does not directly treat the disordered swallow, but rather provides nutritional
supplementation in the absence of a safe or efficient swallow. Research on direct
management strategies to improve or mitigate swallowing function has been much more
limited.

With respect to direct swallowing strategies, a number of techniques have been suggested,
including (but not limited to): compensatory maneuvers (e.g., supra-glottic swallow,
Mendelsohn maneuver, chin tuck, head turn, head flexion) [11,12,14,39,45,49,61,66,79,95—
105]; behavioural strategies (e.g., reduced bolus size, taking multiple swallows, avoiding
distractions during meals) [12,14,42,57,61,97,100-102,104-106]; sensory tricks (e.g.,
vibration, thermal stimulation, increase sensory aspects of bolus)
[14,57,97,100,102,105,107]; and dietary modifications (e.g., mechanically altered food,
thickened liquids, soft diet, liquidize food) [11-14,29,39,42,49,54,57,61,66,79,95-116].
Still, alImost half (48%) of these recommendations were provided as secondary source
review (e.g., [12,14,100,102,104,105]), which may include general techniques that have not
been specifically evaluated for individuals with MND. Of the studies presenting original
research findings to support their recommendations, many studies did not describe their
efficacy [30,42,57,117,112,101], or concluded that swallowing function improved based
solely on patient report [118]. Only four studies used instrumental assessment to confirm the
effectiveness of a prescribed diet texture modification or compensatory strategy to prevent
aspiration [39,45,56,61]. Watts & Vanryckeghem (2001) reported that chin-tuck posture and
thickened liquids were effective strategies to prevent aspiration in a single case example.
Rubin et al. (2013) presented a case report of a woman with ALS and reported that taking
small sips was effective to stop aspiration; however, a head turn was ineffective. Lo Re et al.
(2007) evaluated the efficacy of head position (i.e., extension vs. flexion) in a group of ALS
patients and reported benefit of anterior head flexion to reduce aspiration/penetration during
the swallow. In the most comprehensive study to date, Solazzo et al. (2011) used VFSS used
to evaluate the effectiveness of three compensatory postures: chin-tuck, head rotation, and
hyperextended head (n=81). Their results suggested that each strategy was effective at
eliminating aspiration in very specific contexts; however, not all strategies were effective
with all participants. To that end, the authors advise the use of instrumental assessment to
identify appropriate management strategies for individuals with MND.

Recently, more active interventions aimed at improving/maintaining swallowing function in
individuals with ALS have been explored, particularly aimed at targeting early stages of the
disease. Although active rehabilitation has historically been cautioned for individuals with
ALS and related MNDs (e.g., [101,119]), a review by Plowman (2015) concluded that mild
forms of exercise may have a positive effect on maintaining motor function in patients with
ALS; still, it was advised that more research would be needed to fully understand the role of
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exercise and its influence on bulbar function. In a recent study by Plowman and colleagues
(2016), expiratory muscle strength training led to measurable improvements in maximum
expiratory pressure and hyoid displacement, in patients with ALS; however, clinically
significant changes in penetration-aspiration severity or measures of voluntary cough were
not observed. Tongue strengthening has also been piloted as a potential rehabilitative option,
which showed increases in tongue strength and endurance in both included participants
(n=2), compared to lead in baseline measures; however, no improvements were seen with
respect to swallowing safety [121]. Although in preliminary stages, this evolving research is
hopeful to expand our understanding of ALS and related MNDs, and identify potential
therapeutic targets to maintain swallowing function, for as long as possible.

Unexpected findings

Limitations

MNDs have classically been considered to selectively impair motor neurons. This has
provided a rationale for using sensory tricks in dysphagia management — on the assumption
that these strategies exploit unimpaired mechanisms to compensate for impaired motor
function (e.g., [30,101]). However, we were surprised to find that 7 articles (i.e., 4.5% of all
reviewed articles) reported observing silent aspiration [13,16,39,41,45,62,122], and an
additional subset of articles reported sensory changes such as reduced laryngeal sensitivity,
changes in taste, and odynophagia [32,37,46,112,123]. These observations support a more
contemporary view of MND as a multi-system disorder [124]. As sensory impairment at the
level of the larynx has been shown to place stroke patients at greater risk of aspirating thin
liquids, irrespective of motor function [125,126], the confirmed presence of sensory
dysfunction in MND would have important implications for our understanding of the
underlying pathophysiology of dysphagia in this population.

Several limitations must be taken into account when interpreting our findings. First, only
English articles were included in this dataset, excluding research in other languages. Further,
the purpose of this study was to gain insight into the profile of existing research on
swallowing function in MND, by tabulating the frequency of reported themes. Given this
objective, the quality of experimental studies in our database quality was not specifically
appraised. Systematic reviews including quality appraisal of research describing swallowing
pathophysiology and treatment outcomes will be needed in the future to support conclusions
regarding dysphagia and its management in MND.

For the purpose of this review, we opted to include all four MND subtypes, rather than
focusing specifically on classic ALS, in order to be inclusive and avoid biasing the data
based on regional differences in labelling and reporting of MNDs. Still, this creates a
limitation due to known differences in clinical presentation and prognosis between the
subtypes. When we explored the proportion of themes between clearly defined classic ALS,
against mixed reports (i.e., aggregate MND data) or ambiguous/unspecified MND-type, the
results remained stable. Still, the variability between subtypes, as well as variability between
cases of bulbar- and spinal-onset ALS, could not be captured in this review. In future
research, it may be beneficial to extend beyond a classification of subtype/onset-type, and
include estimates of the degree to which bulbar/spinal pathways and UMN/LMNs are
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affected within the participant sample; this level of detail would allow us to delineate how
swallowing physiology and related issues are affected by the idiosyncrasies of each subtype,
and between bulbar- and spinal-onsets of ALS.

We also acknowledge that while we aimed to keep this review relatively broad in order to
capture overall themes and trends of existing research, we kept a narrow-focus on
swallowing physiology and function in our definition of “dysphagia.” It is important to note
that there are many related areas of study that significantly interact with swallowing, such as
nutrition and respiratory status, that were not explored in exhaustive detail. This constraint
has the potential to present a limited perspective on the overall clinical management of ALS
and related MNDs, for which a multi-disciplinary approach has been well-supported (e.g.,
[113,127]). More specifically, the occurrence and management recommendations targeting
aspiration pneumonia were not extracted in our literature search, omitting a discussion
regarding functional airway clearance, and the roles of assisted-cough strategies, manual
insufflation/exsufflation, and non-invasive positive pressure ventilation (for examples, see
Sancho et al. (2004; 2007); Miller et al. (2009); Britton et al. (2014)). These closely-related
areas of study reach beyond the scope of this review, highlighting the need for future study
and systematic review of these very important clinical issues.

Clinical & Research Implications

Our findings highlight the breadth and variability of studies describing dysphagia in MNDs,
capturing the complexity of the problem, while identifying existing imbalances in research
focus. Such imbalances are important to consider, as they may leave researchers and
clinicians with disproportionate concerns and create the potential to overlook important
details. Given the breadth found in research descriptions of dysphagia in MND, it is
important that clinicians and researchers working with this population approach patients
without assumptions and conduct comprehensive oral motor and swallowing examinations to
determine how the individual is affected and identify mechanisms contributing to
swallowing impairment. To that end, it is equally important that management practices are
chosen to target specific observed impairments, and that efficacy is tested using instrumental
evaluation. Future research should continue to investigate the pathophysiology of
impairments in swallowing safety and efficiency in MND, in addition to considering the
factors that influence secondary consequences including changes in participation and quality
of life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Agreement statistics for theme tabulation. Qualitative agreement based on Kappa statistic [25].

Table 2

% Agree Kappa Agreement
ALL THEMES (TOTAL) 87.23 0.646  Substantial
Penetration/Aspiration 89.29 0.512 Moderate
Oral Phase 89.29 0.781  Substantial
Pharyngeal Phase 78.57 0.543 Moderate
Laryngeal/Respiration 78.57 0.475 Moderate
Esophageal Phase 85.71 0.291 Fair
Dysphagia Consequences 92.86 0.837  Substantial
Functional Ability 92.86 0.850 Substantial
Altered Muscle Tone 82.14 0.620  Substantial
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Table 3

Summary of article characteristics, all studies (N=157).

Raw Number (%)
L ocation/Origin
United States 51 32.5%
United Kingdom 34 21.7%
Italy 15 9.6%
Japan 14 8.9%
Australia 7 4.5%
France 6 3.8%
Brazil 6 3.8%
Turkey 5 3.2%
Canada 4 2.5%
Germany 3 1.9%
Korea 2 1.3%
Spain 2 1.3%
Poland 2 1.3%
Portugal 2 1.3%
Belgium 1 0.6%
China 1 0.6%
Netherlands 1 0.6%
Article Type
Review 34 21.7%
Non-Review 123 78.3%
-Observational 112 71.3%
-Experimental 8 5.1%
-Animal 3 1.9%
MND-Type
ALS 111 69.4%
MND (unspecifiea/mixed) 39 24.8%
PBP 4 2.5%
SOD1 (animal model) 3 1.9%
PLS 2 1.3%
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Summary of tools and analyses used in studies with instrumental assessment (n=71).

Table 4

Radiographic
Endoscopy
Manometry
EMG

Other

One
Two
Three

Four

Descriptive
Quantitative

Combination

Not Presented

Instrumentation Type

Simultaneous Tools

Instrumentation Analysis

Raw Number of Articles Proportion (%)
50 70.4%
10 25.4%
11 15.5%
8 11.3%
17 21.1%
46 64.8%
21 28.2%
4 5.6%

1 4.2%
34 47.9%
15 19.7%
17 23.9%
5 7.0%
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