1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Semin Speech Lang. Author manuscript; available in PMC 2022 November 14.

-, HHS Public Access
«

Published in final edited form as:
Semin Speech Lang. 2016 August ; 37(3): 201-218. doi:10.1055/s-0036-1584155.

Dysphagia Practice in 2035: Beyond Fluorography, Thickener,
and Electrical Stimulation

Michelle R. Ciucci, Ph.D.12, Corinne A. Jones, M.S.12, Georgia A. Malandraki, Ph.D.3,
Katherine A. Hutcheson, Ph.D.4
1Department of Communication Sciences and Disorders, Neuroscience Training Program

2Division of Otolaryngology Head and Neck Surgery, Department of Surgery, Neuroscience
Training Program, University of Wisconsin-Madison, Madison, Wisconsin

3Department of Speech, Language and Hearing Sciences, Purdue University, West Lafayette,
Indiana

“Department of Head and Neck Surgery, University of Texas MD Anderson Cancer Center,
Houston, Texas.

Abstract

Dysphagia evaluation and management has rapidly become the primary practice area of

medical speech pathologists since its adoption in our field less than three decades ago. As

a specialty, swallowing and swallowing disorders comprise the largest represented discipline

with 10,059 specialty interest group members within the American Speech-Language-Hearing
Association and 298 board-certified specialists in the American Speech Hearing Association.
There are national and international organizations, such as the Dysphagia Research Society and
its interdisciplinary journal Dysphagia, that provide continuing education for clinicians and a
platform for dysphagia researchers. Despite this rapid growth, herein we identify some significant
needs for improving the science and practice of dysphagia clinical care, including a deeper
understanding of physiology and neurophysiology, standardization of evaluation, consensus on
core sets of dysphagia parameters for clinical and research reporting, personalized algorithms for
implementation of evidenced-based practice, metrics for therapy efficacy, and increased buy-in
and funding from agencies. The goals of this article are to summarize the status quo of dysphagia
research, evaluation, and treatment as well as to make predictions about the future. Medical trends
that we speculate will influence dysphagia research and care in the future include, among others,
imaging advances, personalized medicine, regenerative medicine, and telehealth.
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As with any scientific and clinical care domain, rapidly advancing knowledge and
technology in dysphagia evaluation and management has driven the field forward.12 Yet,
as with many fields, we can also be slow to adapt. For example, fiberoptic endoscopic
evaluation of swallowing (FEES) is empirically established as a valid, reliable, and
valuable tool,3° but this instrument is still not widely adopted outside of major medical
settings. Evaluation and treatment of dysphagia is one of the newer subspecialties in
speech-language pathology, with required coursework starting as recently as the 1990s and
American Speech-Language-Hearing Association (ASHA) standards published in 1997.10
Despite the relative youth of dysphagia clinical practice, we have seen exponential growth
in our understanding of swallowing physiology and dysphagia etiology, evaluation, and
treatment. There are national and international organizations, a dedicated interdisciplinary
scientific journal, and rapid expansion in all areas of research including basic, clinical,
and translational science in the last three decades. As of March 2016, a simple PubMed
search of the term dysphagia yields 55,715 citations. It is important to recognize that
dysphagia research, evaluation, and management is an interdisciplinary endeavor. As

such, advances will certainly involve scientists and clinicians from a variety of fields,
including but not limited to speech-language pathology, occupational therapy, nutrition,
otolaryngology, gastroenterology, internal medicine, physiatry, radiology, oncology, plastic
surgery, neurology, medical physics, neuroscience, epidemiology, physiology, nursing,
education, social work, and psychology.

The purpose of this article is to discuss the status quo of the science and practice of
dysphagia care as well as speculate what trends may influence the future. Some of the
medical trends that we expect will influence dysphagia research and care in the future

are imaging advances, personalized medicine, regenerative medicine, and telehealth. It is
important to note that it is impossible to cover the vast array of contributions by the
hundreds of clinician—scientists who have influenced this field and those currently on the
cutting edge who will surely influence the future. Instead, we chose several areas of focus
to illustrate some of the major tenets of this field including neurophysiology, diagnostics,
therapies, and emerging technologies, such as analyses of large data sets, telehealth, and
regenerative medicine. In addition, we acknowledge that, given adult focus of this issue,
the focus of this article is primarily on adult dysphagia. We acknowledge remarkable
progress in pediatric dysphagia practice and research, but much of this work was beyond
the scope of this article. We apologize to those whose seminal work was not included. We
hope to convince the reader that despite great progress, we still have a long way to go.
Significant priorities for the immediate future include a deeper understanding of physiology
and neurophysiology, standardization of evaluation, consensus on core sets of dysphagia
parameters for clinical and research reporting, personalized algorithms for implementation
of evidenced-based practice, metrics for therapy efficacy, and increased buy-in and funding
from agencies.

SWALLOWING PHYSIOLOGY-NEUROPHYSIOLOGY

It is beyond the scope of a single article to review the advances made in our understanding
of swallowing physiology as a whole. As such, we focus on neurophysiology in this article.
We refer the reader to several seminal texts/articles that cover swallowing physiology,
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including neurophysiology, such as those from Miller,1* Martin-Harris et al,12 Martin et
al,13-16 Hamdy et al,1” to name a few. To fully comprehend swallowing physiology and
pathophysiology, a deep understanding of the peripheral and central neural mechanisms
governing this vital function is crucial. Animal research in the 1950s, ’60s, and *70s
provided insights on the role of a brainstem-mediated central pattern generator in
controlling swallowing function, providing the first indication that swallowing is a complex
semiautomatic neurophysiological act mediated by brainstem nuclei.18-20 Further support of
this complex peripheral control was provided by work including the use of intramuscular
and surface electromyography (EMG) in humans.?1-24 These seminal reports offered our
first understanding of the neural control of swallowing and supported the notion that
swallowing is regulated at the level of the brainstem. It was not until the late 1980s

and early 1990s that evidence of the role of supramedullary areas in the regulation of
swallowing neurophysiology emerged from clinical studies of patients with dysphagia after
cortical or subcortical damage, 252 as well as from neuroimaging research in healthy

and patient populations,14:16:17.30-35 This large body of evidence identified a wide cortical
network as active during swallowing, including bilaterally the lateral primary sensory and
motor cortices, the supplementary motor area, the anterior cingulate cortex, the insula, the
parietal lobules, and the prefrontal and inferior frontal areas (frontal operculum),14.16.17,30-35
with some studies also reporting activation in the basal ganglia, thalamus, and the
cerebellum.17:32:34-36 Although the activation of this bilateral network in swallowing control
is indisputable, many of the details are still unknown. Specifically, we are still unsure about
the temporal sequence of these activations, the direction of the connectivity between these
areas, as well as the exact roles of each area and each hemisphere in swallowing and how
they are impacted by neurologic injury or disease.

Current and future work, including multimodal imaging approaches, will be essential to
understand the complex supratentorial contribution to swallowing physiology. These details
will be pivotal to help shift our clinical paradigm from symptomatic diagnosis and treatment
to the development and refinement of novel modalities (behavioral, brain stimulation, and
pharmaceutical) that will target neurophysiological underpinnings and not only dysphagia
symptoms.

DIAGNOSTICS

Standardization and validation of our core set of clinical tools predominated the progress in
dysphagia diagnostics in the past 30 years. Among these, the clinical swallow examination
(commonly referred to as the bedside swallow evaluation), videofluoroscopic evaluation

of swallow (commonly referred as modified barium swallow studies), and FEES are the
workhorses in modern practice.

Clinical Swallowing Evaluation

Minimal standards for bedside swallow were introduced by Logemann and colleagues,3”
with procedural details and critical parameters delineated. In daily practice, the bedside
or clinical observation of a “natural” eating environment remains invaluable. Yet, as a
tool, the bedside examination is often challenged because it lacks quantitative or objective
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benchmarks. For this reason, several swallow-specific tasks have been developed and
validated in the last decade as quantitative metrics that can be obtained during a clinical

or bedside (nonimaging) examination. Among others, these include the 3-ounce water
screen,38 the Toronto bedside swallowing screening test, 3% and the water swallow test,*0
which seek to quantify or screen an individual’s capacity to swallow a large volume bolus
challenge, as well as standardized clinical instruments, such as the Dysphagia Disorders
Survey, used mostly in pediatrics.#? Normative ranges of performance on these measures
allow clinicians a quantitative benchmark to contribute to their clinical decision making. The
Mann Assessment of Swallowing Ability (MASA) was developed as an index measure
weighting complementary features of the oral mechanism examination, neurocognitive
abilities, functional status, and bolus trials to derive a summary score of the clinical
assessment*2; recent progress with the MASA includes validation of population-specific
domains such as the MASA-C (cancer).*3 As the field progresses, there is promise that
affordable, noninvasive adjunctive measures such as cough strength testing,%4-46 electrical
impedance myography,*’ swallowing frequency,*® or tongue pressure measures may serve as
critical quantitative parameters that improve the yield of clinical examinations.*9:50

Videofluoroscopy

Videofluoroscopy is arguably the most popular method of instrumental swallowing
assessment among speech pathologists. Tremendous progress has been made to standardize
the videofluoroscopic examination since its broad adoption into clinical practice more

than two decades ago.5158 As with any imaging procedure, diagnostic observations from
videofluoroscopy can only be reliably quantified with adherence to a standard clinical
protocol. Critical elements of standardization in videofluoroscopy include, among many,
the concentration contrast agent(s), the bolus protocol, frame rate of image acquisition,

and instructions provided to the patient during the examination. A uniform bolus protocol
must be efficient to minimize radiation exposure (per As Low As Reasonably Achievable
(ALARA) principle®’) yet feature a sufficient range of consistencies to represent the
complexity of oral intake. As a foundational step in the development of their standardized
Modified Barium Swallow Impairment Profile (MBSImP), Martin-Harris and colleagues
developed and statistically assessed a consensus-derived, optimal bolus protocol consisting
of measured-volume and natural “cup sip” presentations of thin liquid barium (Varibar,
Bracco Diagnostics Inc., Monroe Township, New Jersey), thick pudding, and a dry

solid bolus.?! Yet, even this basic tenet of standardization is slowly adopted in clinical
practice. Dozens of videofluoroscopic measures have been developed including bolus-
based measures (such as the penetration-aspiration scale),?® Dynamic Imaging Grade of
Swallowing Toxicity),5° physiologic ratings (such as MBSImP51), temporal scales (such as
Oropharyngeal Swallow Efficiency)8, and kinematics (including numerous hyoid kinematic
parameters®1-63). As a field, we have yet to adopt a core set of quantitative videofluoroscopy
parameters in clinical practice. This might represent a key goal for practice-oriented work
in the next decade. Beyond that, semi-automated, pixel-based videofluoroscopic swallow
metrics that leverage progress in image registration, autosegmentation, and deformation
tracking of medical imaging procedures could make it a reality that clinicians in busy
practices can integrate detailed quantitative analysis into their diagnostic paradigms to
establish pathophysiology of dysphagia and degree of dysfunction (severity) necessary to
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personalize therapeutic strategies.1:63.64 As we look further to advancements in diagnostic
modalities beyond fluoroscopy (such as high-resolution manometry, dynamic magnetic
resonance imaging (MRI), and real-time computed tomography) and seek to integrate these
modalities into routine practice, it is critical as a field to remember that procedural details
must be clearly delineated but also replicable in standard practice to maximize utility of
these procedures.

Fiberoptic Endoscopic Evaluation of Swallowing

Another valuable tool for assessing swallowing, airway protection, and palatal, pharyngeal,
and laryngeal sensation is FEES. FEES was first introduced in the literature with Dr. Susan
Langmore at the helm over 24 years ago.6 FEES allows an in-depth assessment of structure
and function of the previously mentioned areas and has several advantages, including

a direct view of pharyngeal and laryngeal tissues and secretions, increased equipment
portability, and no radiation exposure, allowing for serial studies and even daily biofeedback
programs.36:7.65-69 Although videofluoroscopy has been called the gold standard, this was
in part because it was the first widely accepted tool. When FEES was compared with
videofluoroscopy in terms of observing airway penetration and pharyngeal residue, FEES
assessment revealed more severe gradings of both parameters and more reliable scores of
penetration and aspiration.>7072 Like videofluoroscopy, FEES requires extensive training
for reliable interpretation and the added skill set of passing an endoscope, which likely
contributes to the reluctance of some clinicians to use this tool. Nevertheless, FEES is a
critical tool in the clinician’s arsenal.

High-Resolution Manometry

Safe and efficient swallowing requires coordination of muscle activations creating positive
pressures at the tail of the bolus with simultaneous subatmospheric pressures below the head
of the bolus in the upper esophageal sphincter (UES).”3 Manometry directly measures these
pressures to provide a real-time, quantitative output complementary to other instrumental
techniques, such as videofluoroscopy and FEES. High-resolution manometry (HRM)
improved on early manometric systems with the addition of up to 43 closely spaced (<1
cm), solid-state, circumferential pressure sensors that record contact pressures at relatively
high speeds (50 Hz).”# The addition of impedance monitoring to pharyngeal HRM provides
data on bolus presence and residue, as well as UES distension during swallowing.”5-84
Combinations of pharyngeal HRM, impedance, videofluoroscopy, and EMG in laboratory
settings have recently started to improve understanding of swallowing mechanics, such

as UES opening.81:85-87 Finally, new HRM technology allows for the separation of
pressures circumferentially,88 affording more specific analysis of the origin of pressures

in the asymmetric pharynx (Fig. 1). In select clinical centers, pharyngeal HRM is being
used routinely by speech-language pathologists (SLPs) for evaluation and management

of dysphagia.8? Clinical HRM studies have improved our understanding of how different
disease processes impact swallowing pressures in pediatric and adult populations.90-100
Additionally, discriminant abilities of HRM are demonstrated by sophisticated algorithms
that predict normal from disordered swallowing patterns as well as penetration or aspiration
events.101-104 Opstacles to clinical adoption of pharyngeal HRM include high cost, training
requirements for HRM catheter placement and pressure analysis, and an incomplete
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understanding of the best ways to meaningfully translate pressure data to dysphagia
diagnostics and treatment planning. Applications of pharyngeal HRM for the evaluation and
treatment of oropharyngeal dysphagia have exploded in the past 6 years. HRM undeniably
will improve understanding of swallowing physiology and how swallowing pressures are
impacted by age and disease processes in the near future. A key goal for implementation is
the development of fast, reliable, and meaningful pressure analysis software in the coming
decades.

Importantly, we now have the technology to complete simultaneous physiologic and
diagnostic recordings, which can provide a more robust swallowing assessment (e.g., HRM
and EMG, videofluoroscopic swallow study [VFSS] and FEES, and FEES and EMG).
Unfortunately, with coding and billing limitations, this might not always be possible in the
clinic, but perhaps represents a future objective to empower us to get the most relevant
diagnostic and physiologic data to make hypothesis-driven treatment recommendations.

Advances in multimodal imaging approaches, including the combination of functional
imaging techniques (task and resting functional magnetic resonance imaging

[fMRI], positron emission tomography scanning, functional near-infrared spectroscopy,
magnetoencephalography), structural connectivity, and perfusion imaging (diffusion tensor
imaging, diffusion spectrum imaging, perfusion-weighted imaging, and so on) are
emerging as the most comprehensive ways to fully understand central and peripheral
neurophysiological mechanisms and swallowing kinematics and are slowly being
implemented in our field.105-109 with the explosive advancement in imaging modalities,
we believe that our understanding of human swallowing neurophysiology and physiology
will exponentially increase as perhaps the primary advancement of the field in the immediate
decades to come.

Diagnostically, in 2011, the first simultaneous dynamic MRI and interleaved fMRI sequence
was reported that allowed us, for the first time, to use MRI to simultaneously evaluate
oropharyngeal swallowing and brain activation.}19 Since then, the temporal and spatial
resolution of dynamic MRI has continuously increased, allowing for faster and better-quality
image acquisitions.111 Although the clinical adoption of dynamic MRI as an alternative to
videofluoroscopy is still limited, mainly because of cost limitations and the requirement for
supine swallowing, future cost-effective MRI solutions may offer a high-quality noninvasive
alternative to videofluoroscopic or videoendoscopic imaging.

Alternate imaging modalities like MRI are particularly attractive for some dysphagia
populations such as cancer patients for whom dysphagia sequences, which, if validated
(even as a screening), might be integrated with surveillance imaging. Adjunctive anatomic
MRI kinetic data also provide superior insight into normal tissue pathology underlying
dysphagia, offering the potential to examine these structure—function relationships in
neuromuscular regions of interest. Similarly, the development and recent use of high-
resolution three-dimensional computed tomography and three-dimensional dynamic MRI
imaging can provide unique kinematic, bolus flow, and bolus clearance insights that are
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impossible to fully appreciate in the current typical two-dimensional imaging technology
we use (VFSS, FEES).112-114 These techniques are mostly exploratory at this stage, but
their continuous development and improvements are expected to significantly advance our
diagnostic toolbox.

The use of high-resolution ultrasound offers another unique opportunity to noninvasively
image the oropharyngeal swallowing mechanism. Ultrasound is primarily used in fetal and
infant swallowing research,11%:116 although efforts for its adoption in adult swallowing
research have also been made.117:118 Compared with some of the aforementioned imaging
modalities, ultrasound does not require radiation exposure, is economic, and allows for
visualization of muscle contraction during movement.119 In addition, it has been used
successfully as a biofeedback tool in speech intervention.120 Interpretation of ultrasound
images of the head and neck has historically been difficult and training-intensive, which has
limited its use and applicability to date. However, given recent advancements, this relatively
cheap and noninvasive technology should be reexamined, as its use could potentially provide
an alternative (to VFSS and FEES) diagnostic tool and a noninvasive adjunctive treatment
modality.

THERAPIES/MANAGEMENT

Compensatory Strategies

Thickeners

In the past 30 to 35 years, our field has also made significant progress in the

management of dysphagia. In the early 1980s, talented clinical researchers (with Jeri
Logemann as a leader) began describing compensatory strategies for use in patients with
swallowing disorders. Compensatory strategies are interventions designed to reduce, avoid,
or bypass impaired anatomy or physiology and redirect bolus flow. These include head
postures (e.g., chin tuck or head turns), laryngeal maneuvers (e.g., supraglottic swallow),
dietary modifications, environmental adaptations, use of adaptive equipment, and sensory
stimulation techniques.121-124 Although evidence for the effects of these strategies has been
positive overall, their effects are temporary, lasting only as long as the strategy is applied,
and poor patient adherence is a critical limitation,125:126

Thickeners are another hugely popular method of compensatory dysphagia management in
clinical practice based on the notion that heavier bolus types are less likely aspirated in some
disordered swallows. Simplicity and their ability to be applied in populations with coexisting
neurocognitive abilities that preclude application of more complex compensations are
relative advantages of thickened liquids. Yet, findings from protocol 201, one of the earliest
multisite randomized dysphagia trials, highlighted potential risks and patient preferences
against broad application of thickened liquids.122:127 Although blind prescriptions and
lifelong recommendations for thickened liquids are generally discouraged, thickeners can

be an extremely valuable resource to start or keep a patient swallowing and avoid
immobilization of the pharynx when more normal textures are otherwise unsafe. Notable
recent progress in this area led by Steele and others includes the International Dysphagia
Diet Standardization Initiative that categorized a framework of thicknesses and delineated
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global labels and terminology of thickness.128:129 Adoption of this reference standard in
routine clinical practice might represent a meaningful next step in the immediate future to
improve dysphagia service delivery.

Exercise and Maneuvers

Dysphagia management also includes swallowing rehabilitative regimens (e.g.,
strengthening and range of motion exercises of the head and neck muscles) that

aim to directly improve the underlying pathophysiological aspects of the disorder and

have potentially more durable effects. Such approaches include lingual strengthening
exercises,130-134 hyolaryngeal muscle strengthening,135-137 holus-driven swallowing
strengthening regimens such as the McNeil Dysphagia Treatment Program,138 and device-
driven therapies such as expiratory muscle strength training and surface electromyographic
biofeedback paradigms.139-142 Evidence on the efficacy of these paradigms is largely
positive, but stems primarily from small case series or single-institution clinical trials with
small or at best moderate effect sizes.

To date, there are few large-scale randomized clinical trials investigating the effects of
compensatory or exercise protocols,122:143 yrgently emphasizing an open area for future
research. Obstacles to confirmatory clinical trials are considerable. Heterogeneity in the
case mix, unclear fidelity of therapies, suboptimal adherence, and lack of consensus on
what comprises “traditional therapy” for the control arm are chief among these. Novel

trial designs such as Bayesian adaptive randomization strategies and registry trials may
offer more flexibility and statistical power to test efficacy. A primary goal for researchers
designing the next generation of clinical trials must start with highly focused eligibility that
specifies the pathophysiology of dysphagia in case definition such that the planned therapy
matches the target.

Neuromuscular Electrical Stimulation

In recent years, neuromuscular electrical stimulation (NMES) also emerged as a treatment
modality that gained rapid popularity among clinicians and researchers. NMES has a long
track record in rehabilitation medicine and physical therapy and has been shown to improve
upper and lower extremity motor function.144.145 NMES works by transmitting low-voltage
current through skin surface electrodes, triggering a nerve to fire and causing sensory
responses and/or muscular contraction. A rather large body of literature on the use of
NMES in dysphagia rehabilitation emerged in the past 10 to 15 years, including a few large-
scale randomized clinical trials. In most of these studies, NMES was adjunctive to some
form of “traditional” therapy, although a uniform definition of the term tradjtional therapy
does not exist. Methodological differences between studies made it difficult for systematic
reviews to reach consensus regarding the efficacy of NMES in dysphagia rehabilitation.
Overall, results appear mixed; some studies reported positive effects of NMES,146-149 and
others reported that NMES does not have an effect.143.150-152 Stydies reporting positive
effects suffer from small sample sizes, inadequate controls, marginal effect sizes, and
methodological limitations. Despite the contradictory and limited positive evidence, NMES
remains a popular treatment modality. Therefore, it is important to better understand ideal
candidates, optimum settings, and potential benefits of NMES to guide clinical practice.
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Current and future studies using animal models and neuroimaging applications are expected
to provide important dose—response and neurophysiological insights that will increase our
understanding of this modality and its true rehabilitative potential.

Skill Training

Beyond strengthening, a more recent expansion in dysphagia rehabilitation is intensive
skilltraining. Central to this therapy is the acknowledgment that not all patients with
dysphagia have oropharyngeal weakness. Indeed, at times strength is adequate, but
coordination, timing, and skill may be reduced. In pediatrics, skill acquisition is a
continually advancing process and is more effective when principles of motor learning

are consistently applied.123 In adult dysphagia, structured skill-based training programs
have only recently emerged,142.154 aimed at improving timing and coordination aspects of
the swallowing sequence. For instance, Martin-Harris and colleagues reported promising
results of a phase Il single arm clinical trial that integrated a novel biofeedback regimen

to train an optimal respiratory phase-swallow pattern.154 Although this work is preliminary,
the inclusion of motor learning approaches in dysphagia rehabilitation has the potential to
open new therapeutic horizons and increase rehabilitation potential. Developing algorithms
that help clinicians harmonize skill and strength training paradigms and select personalized
therapies is a key objective for the next decade.

Individualized Therapy

As reported earlier, existing rehabilitative swallowing regimens typically entail broad
exercise protocols involving the head and neck, typically performed in an intensive but often
static manner.122132,134-138,140 A “kitchen sink™ and one-size-fits-all approach is status
quo. That is, many providers report trying a wide variety of strategies in most patients
(compensations, range of motion, strengthening, among others) and prescribe exercises on a
daily, high-intensity schedule.1®5-157 Given the extreme complexity of swallowing, current
exercise regimens, even when performed intensively, appear inadequate to rehabilitate

the complex swallowing abnormalities typically seen in patients with moderate or severe
dysphagia and are reported to have small to moderate effects.143 Furthermore, ever growing
reimbursement reductions, caps, and the emerging focus on value-based health care threaten
(rightfully so) extant practices where-in relatively similar therapies are applied for long
treatment periods regardless of etiology or progress.

In response to often sobering results of “traditional” therapies, individualized, more
intensive treatment approaches are emerging. Individualized or personalized intensive
neuroplasticity driven approaches and “boot camp” approaches that couple functional

skill training with progressive resistance exercise paradigms have started to surface.198:159
These approaches tailor or match interventions to the individual patient and their specific
physiologic and pathophysiological profile, while systematically combining interventions in
an evidence-based manner following neuroplasticity-driven paradigms. Although offering
early evidence that a personalized model in dysphagia management is feasible and

may be beneficial, more research in this direction is needed. In these applications of
individualized therapy programs, interventions are delivered when patients are symptomatic
and therefore referred for testing, and therapeutic strategies are selected based on
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clinical and physiologic swallowing data. Additional biomarkers such as genetic profiling,
subclinical changes to swallowing function as a potential biomarker of disease, and disease
progression benchmarks would further enhance this rehabilitation model. In our field, these
areas (genetics and disease progression) are fully unexplored and should be targets of
collaborative future research efforts.

Preventive Therapies

Dysphagia therapy is historically provided in a “reactive” model. Reactive therapy refers to
a model in which the therapy begins after a symptomatic patient is referred to the speech
pathologist. Strategies for preventive or early therapy greatly advanced in the last decade.

In head and neck cancer populations, numerous randomized trials and observational studies
now support a preventive swallowing therapy for patients receiving bilateral neck irradiation.
Under a “use it or lose it” philosophy, preventive therapy encourages maximal use of the
swallowing system during cancer treatment. Swallowing therapy includes targeted exercise
and maintenance of oral intake throughout radiotherapy; early implementation of manual
therapies may offer a new extension of this body of work in coming years.160-162 The next
advancements in this area might include expansion of the preventive service delivery model
to other dysphagia populations.

EMERGING APPROACHES

This is an exciting time for technological advances. There is rapid growth in understanding
disease processes and treatments on cellular, molecular, and genetic levels. This means
that targeted treatments based on individual characteristics will soon become a reality.
Furthermore, as computing power and access to large data sets increases, our ability to
understand the subtle differences in physiology, disease, disorder, and response to treatments
also increases iteratively. Thus, instead of studies with small population samples that suffer
from inherent bias, we have artificial intelligence,192:103.163 computer modeling,164:165 and
big data statistical approaches that can “see” things in the data that were previously elusive
to us as humans.”9166-168 Finally, our ability to use technology to connect patients and
clinicians allows for clinical care under circumstances that were not previously possible.
With these advances come growing pains. We need to be critical early adopters, but also
reasonable consumers. This has always been a delicate balance in science and medicine.

Mobile Technology, Telehealth

One of the fastest growing areas in medicine is the area of telehealth. With the remarkable
increase of Internet accessibility across the globe, the aim of telehealth is to enhance health
care delivery and education in situations where face-to-face modalities or local experts

are not available. For dysphagia diagnostics and treatment, the use of telehealth is in its
infancy, but is anticipated to radically increase in the near future. With 22% of the U.S.
population living in rural areas, and a relatively limited number of dysphagia-specialized
SLPs globally, the development of telehealth is essential in underserved communities

and among patients who have restricted mobility. Since the early 2000s, evidence has
accumulated supporting both feasibility and reliability of teledynamic clinical swallowing
assessments and telefluoroscopic swallow studies.189-177 Regarding dysphagia teletreatment,
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evidence is scarce including case studies or small-scale satisfaction surveys on the use of
dysphagia apps.178-180

An additional promising area of telehealth includes wearable technology and devices.
Wearable technology includes clothing and accessories that allow clinicians to remotely
monitor physiologic events,181 control medication use,182 and monitor compliance. Their
use could allow clinicians to remotely monitor exercise compliance, physiologic signs

of distress during exercise or eating, as well as respiratory and cardiac physiology. This
technology has the potential to change the face of dysphagia rehabilitation and constitutes
another very exciting future endeavor.

With the growing evidence base and obvious need for improved access to quality dysphagia
services, the American Telemedicine Association, ASHA, and state associations are actively
advocating for changes in national and state health care policies supporting the use of
telehealth for SLPs. It is our hope that current practice limitations (including reimbursement
and state licensure) will soon be waived to allow for freer access to telehealth applications
for dysphagia assessment and rehabilitation. It must be noted, however, that for the use of
telehealth to be ethical and efficacious, no regulatory distinction should exist between a
service delivered via telehealth and a service delivered in person. Therefore, it is clear that
significant research efforts are needed before dysphagia telehealth can be widely adopted.

Noninvasive Brain Stimulation

Noninvasive brain stimulation techniques work by providing electrical stimulation to the
brain without the use of surgically implanted or other invasive devices. Commonly used
techniques are transcranial direct current stimulation (tDCS), which imparts low-intensity
electrical current between two electrodes placed on the skull, and repetitive transcranial
magnetic stimulation (rTMS), where the stimulation is produced by a high-current pulse
sent through a copper coil that is placed on the skull.183 Applied to the motor cortex,

tDCS and rTMS can either enhance or reduce the excitability of the stimulated region,

thus facilitating or hindering the corresponding corticospinal or corticobulbar tracts and
motor neurons.183 These techniques have been used for treatment of chronic pain,184
anxiety and depression, 185186 gphasia after stroke,187 and for motor rehabilitation, 183
including swallowing treatment.188 Much of the noninvasive brain stimulation research is
in the stroke population, and published work varies in terms of stimulation type, device
placement (affected versus unaffected stimulation), stimulation parameters, stimulation
schedule, outcome measures, and follow-up. A meta-analysis of seven randomized control
trials investigating tDCS and rTMS in the rehabilitation of poststroke dysphagia revealed a
moderate effect of noninvasive brain stimulation versus sham stimulation.188 With sufficient
evidence, insights on neurophysiological bases of behavioral changes, and adequate clinical
training, noninvasive brain stimulation may someday have a place in the clinician’s toolkit,
even in populations beyond neurogenic dysphagia.

Alternative and Complementary Medicine

Most traditional dysphagia therapies are specifically targeted to changing local sensorimotor
function in the upper aerodigestive tract and/or to changing relevant central control of
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the oropharyngeal swallow. As the field increases its focus on patient-centered outcomes,

a more holistic approach to dysphagia management may be indicated. There is a very
limited body of research evaluating the effects of acupuncture on dysphagia.189-191 Findings
generally support an improvement of oropharyngeal dysphagia following acupuncture,

but a more thorough understanding of the mechanisms of improvement following
acupuncture are needed. Preliminary work of a joint-care therapy model coupling dysphagia
treatment with counseling,192193 suggests improved quality of life in patients undergoing
chemoradiation for head and neck cancer. As dysphagia impacts much more than
physiologic functioning,194-197 clinicians must recognize the need to treat the entire patient,
not just the dysphagia.

CONCLUSION

This is an exciting time for the science and practice of swallowing and dysphagia. There
have been significant advances in our knowledge of normal and disordered swallowing
physiology, as well as evaluation and treatment. The success of these advances can be
attributed to several factors. First and foremost, there is a considerable interdisciplinary
effort across basic, clinical, and translational sciences. Many of our greatest contributors
know how to navigate among these approaches and as such, we have comprehensive
research programs, informed clinical care, good consumers of literature, and innovation.
A close second is that science, technology, and communication is rapidly advancing. We
should make an effort to be on the cutting edge while making evidence-based decisions.
There is always risk and pushback with new information, but that cannot hold us back when
there is much at stake for our patients.

Because dysphagia is a condition that results from a multitude of etiologies, diseases,
disorders, injuries, and conditions, we do not have unified academic or medical departments,
patient advocacy groups (although there is the newly formed National Foundation of
Swallowing Disorders), or a federal funding agency that has designated swallowing and
swallowing disorders as a major arm of its strategic plan. As a result, this condition that
affects millions of people worldwide is understudied and underfunded.

Although there is undeniable room to grow as a field and provide more comprehensive
evaluations and better-suited treatments to our patients, we should not be discouraged

with our currently available tools. Clinicians should reasonably frame expectations on

the possibilities of new technological advances. For example, big data sets and computer
modeling will only be able to tell us so much about a patient’s likelihood to aspirate or
how well a patient will do with a particular intervention. The clinician’s bedside acumen
remains integral to patient buy-in and is an invaluable resource to the patient and family.
Additionally, technology cannot replace clinical intuition and critical thinking! We must
train clinicians to be creative thinkers who can maximize the utility of currently available
tools, who can be a smart consumer of literature, and who can be an effective advocate
with senior clinicians, physicians, and clinic administrators to acquire tools to improve their
practice. As Kleim and Jones note “currently, learning is our best hope for remodeling the
damaged brain,” in other words, we (as clinicians) are still the best hope for improving our
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patients’ rehabilitation potential and brain plasticity through learning and practice.19 As we
move ahead to more exciting times, we should never forget this role.
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Learning Outcomes:

As a result of this activity, the reader will be able to (1) list three currently used

tools for dysphagia diagnosis; (2) state three new technologies that are on the horizon
for evaluation and treatment of dysphagia; (3) identify that the control of swallowing
involves a widespread neural network; (4) discuss the need for standardized research and
clinical protocols for evaluating swallow function; and (5) compare strength versus skill
training in dysphagia management.
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Figure 1.

Three-dimensional high-resolution manometry of the tongue base region during a 10-mL
water swallow in a healthy 26-year-old man. Averaged pressure wave (center) is a standard
output from high-resolution manometry systems. Note differences in pressure wave shape,
timing, and amplitude coming from different axial directions and the same rostral-caudal
level in the pharynx.
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