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Abstract

Consequences of dysphagia substantially reduce quality of life, increase the risk of medical
complications and mortality, and pose a substantial cost to healthcare systems. As a result, it is of
no wonder that the clinical and scientific communities are showing interest in new avenues for
dysphagia rehabilitation. Electrical stimulation (e-stim) for the treatment of swallowing
impairments is among the most studied swallowing interventions in the published literature, yet
many unanswered questions about its efficacy remain. In the meantime, many speech-language
pathologists who treat dysphagia are attending educational and training sessions to obtain
certifications to use this technique. Here, we review the values and limitations of the published
literature on the topic of e-stim for swallowing to assist clinicians in decision making in their
clinical practice. The discussion provides a review of swallowing anatomy and physiology, the
fundamentals of e-stim, and information essential for the readers’ independent critique of these
studies—all of which are crucial for evaluating the possible effects of e-stim.
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Effective swallowing is crucial for maintaining adequate nutrition, hydration, and quality of
life. The simple act of swallowing saliva occurs approximately once every minute,! mostly
involving no conscious thought. Yet, swallowing is a very complex neuromuscular task,
requiring rapid and precise coordination of numerous cranial nerves and muscle pairs, with
the patterned swallow response typically lasting no more than 1 second.? Impairments of
swallowing have the potential to confound and even precede medical complications, and
reduce quality of life in patients. This has intensified the call for successful, restorative
management options for dysphagia.

Since the late 1980s there has been an increasing amount of discussion regarding the effects
of electrical stimulation (e-stim) in individuals with dysphagia. Many of the early claims of
success were not validated with scientific research and consequently, offer no more than
testimonials and anecdotal reports. In 1996, Freed et al introduced and described a method
of e-stim (also called neuromuscular e-stim) to the anterior neck muscles and face in humans
as a means of improving swallowing.3 Following this publication, in 2002, the U.S. Food
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and Drug Administration cleared VitalStim Therapy®* (EMPI, Danbury, CT) to market
external e-stim for dysphagia. Since then, numerous scientific reports by different research
groups have been dedicated to understanding its effect on normal and disordered swallowing
over both short- and long-term periods. Patient populations that have been studied with e-
stim include post-stroke, traumatic brain injury, head and neck cancer, neuromuscular
disease, progressive neurological disease, Sjogren’s syndrome, de-conditioning, respiratory
failure, and other chronic medical conditions.®

The company VitalStim reports widespread practice of the technique by clinicians
specialized to treat dysphagia. Along with great interest in e-stim, great controversy has
surrounded its use. Although, e-stim is commonly used in physical therapy and sports
medicine, its fairly recent introduction to speech-language pathology and related fields has
demanded continuing scientific investigations, updated reviews, and commentaries of the
evidence to aid our understanding of its effects and to assist clinicians in providing the best
evidence-based practice. Although, it has been broadly assumed that the effects of the
treatment can be observed in various levels (physiology, neurophysiology, quality of life,
and function of swallowing), much of the research so far has focused on understanding the
physiological effects of surface e-stim. The goal of this review is to help clinicians to learn
the value and limitations of estim, through an in-depth and updated review of the literature,
so that they can apply that knowledge to their clinical practice.

OVERVIEW OF NORMAL AND DISORDERED SWALLOWING

Models of swallowing biomechanics are typically divided into phases, including oral,
pharyngeal, and esophageal phases. These phases are physiologically interconnected, but
distinguishing among them helps to explain the biomechanical and neural control
mechanisms associated with the swallowing process as a whole. Although discussed as
separate processes, the interdependence of the phases must be considered throughout. Before
any clinical use of e-stim is initiated, it is imperative that clinicians have a solid
understanding of normal swallowing anatomy and physiology.

The goal of the oral phase includes acceptance, preparation, and transport of the bolus into
the pharynx. It is controlled largely by cortical areas and therefore represents the aspect of
swallowing under voluntary control.:7 The voluntary nature of this phase means that it is
flexible in managing a variety of bolus textures and sizes. Thus, duration of preparation is
highly variable according to bolus properties and individual inclinations. To transport the
bolus into the pharyngeal cavity, the tongue sequentially squeezes the bolus toward the
pharynx by contact from the front of the hard palate backward. This posterior bolus
propulsion relays critical sensory information to brain areas responsible for evoking the
patterned pharyngeal response. The pharyngeal phase of swallowing involves numerous
biomechanical events in rapid succession, completed in less than 1 second including
elevation of the velum, hyoid bone, and larynx; intrinsic laryngeal closure; pharyngeal
squeeze; and opening of the upper esophageal sphincter.28 Because of the complexity of the
pharyngeal phase, minimal deviations in spatial or temporal coordination can substantially
disrupt its efficacy.

New treatments emerge with the hope of remedying the complexities of pharyngeal phase
swallowing impairments. However, until robust evidence comes to light, the urgency to
remedy dysphagia usually results in recommendations of management techniques. Many
widely used management options have typically emerged into clinical practice ahead of
supportive, empirical evidence.®-11 Many techniques were designed to immediately
minimize symptoms of dysphagia rather than restore physiologic deficits, therefore
providing only compensatory, transient relief from the burden of this impairment. Despite
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these limitations, research is underway and findings are beginning to answer questions
related to treatment effects. Relevant to this review, research on e-stim as a rehabilitation
method has garnered much attention for its potential to minimize dysphagic symptoms,
especially for pharyngeal phase dysphagia.

ELECTRICAL STIMULATION: WHAT IS IT?

One of the common goals for administering estim in other disciplines apart from swallowing
rehabilitation has been to improve or restore muscle use. In patients, e-stim can be used to
augment weak muscle contractions and thereby improve purposeful movement of structures
that are controlled by those muscles. This can be achieved either transcutaneously (surface
e-stim) or percutaneously (intramuscular, intrinsic, epimysial). In either case, electrical
current flows from a source (an external device) that can alter current intensity (amplitude),
then through electrodes that are in direct contact with the body. Commonly, the goal for
rehabilitative use is to allow electrical current to create a contraction by depolarizing the
nerves that are responsible for motor innervation to a particular muscle or to particular
muscle fibers. Clinicians usually instruct patients to attempt to volitionally activate the target
muscle(s) with concurrent e-stim or to remain at rest and allow stimulation to cause a
contraction by electrical current alone.

Compared with percutaneous e-stim, surface e-stim is most commonly used in both clinical
and research environments due to its noninvasive nature. Surface e-stim is applied with two
bipolar electrodes (positive and negative charges) that are adhered to the skin surface
overlying the muscles of interest; if the motor point is stimulated (the point where the nerve
enters the muscle) then larger contractions can be elicited with the least amount of electrical
current. The current that is flowing between the two electrodes is the electrical field. If the
intensity of the stimulation is increased, then the electrical field can stimulate deeper
structures in the body. Following this principle, surface stimulation activates from surface to
deeper areas, such that tissues closest to the surface electrodes receive stronger current,
while deeper structures receive weaker current. This means that tissues within the field of
the electrical current will be stimulated to various degrees depending on the intensity of the
electrical field and, as such, surface e-stim does not offer specificity for stimulating muscles.
This lack of specificity does not pose considerable concern for larger muscles that are
relatively isolated or for muscle groups that have similar functions. However, this issue
creates more limitations when stimulating muscles in the neck and face because they are
small, short, in close proximity to one another or superimposed upon one another, and may
have different functions. In other words, when stimulating muscles on the neck, clinicians
must be aware that they could be stimulating many different muscles because the electrical
current is likely larger than any single superficial muscle in the neck.

Percutaneous (intramuscular, intrinsic, epimysial) e-stim delivers stimulation via hooked
wire electrodes to nerve endings in close proximity to the target muscles in which they are
inserted. This eliminates several constraints apparent with surface stimulation. As the
implanted electrodes bypass the skin, there is less concern about impedance to stimulation
(adipose tissue underlying the skin) or activation of superficially located pain receptors.
Because electrode placement is more focal, specificity of muscle stimulation is enhanced,
especially in the case of smaller, deeper, and harder to reach muscles such as those of the
head and neck. Although percutaneous stimulation can selectively stimulate target muscles,
it is invasive, expensive, and requires expertise for injecting the electrodes into the muscles.

Percutaneous stimulation of laryngeal and other muscles involved in swallowing has been
investigated largely for the applicability of estim for voice rehabilitation,2 and assisting
airway function.13-15 The investigation of percutaneous e-stim on swallowing function is
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limited to a small number of studies.16-17 Despite this paucity of the literature on
percutaneous stimulation, information from these two studies can be considered in
conjunction with studies utilizing surface electrode placements for greater insight into the
effects of this technique. The majority of empirical evidence of the VitalStim Therapy
System for dysphagia is based on surface electrode placements, which utilizes surface
electrodes, in response to the limitations of using percutaneous electrodes in many clinical
settings.

CONSIDERATIONS FOR SURFACE ELECTRICAL STIMULATION ON THE
ANTERIOR NECK

Many muscles of the anterior neck are extrinsic laryngeal muscles that are meant to alter the
position of the larynx and hyoid bone. These structures move up and forward primarily with
contraction of the mylohyoid, geniohyoid, and anterior belly of the digastrics (suprahyoid
muscles that move the hyoid bone) and the thyrohyoid (approximates the larynx and hyoid).
Other extrinsic laryngeal muscles pull the hyoid bone and larynx down and overlie the
thyrohyoid muscle. These are infrahyoid muscles and include the sternohyoid, sternothyroid,
and omohyoid. All supra- and infrahyoid muscles are deep to a broad, thin, superficial
muscle called the platysma that depresses and wrinkles the skin of the lower face and neck
for facial expressions. Concurrent stimulation of the supra- and infrahyoid muscles could
result in cancellation of positive effects (elevation in the case of swallowing), or even induce
negative effects on hyolaryngeal excursion.18

While this discussion will focus largely on surface e-stim, the reader is encouraged to be
mindful of the aforementioned limitations posed by this method of stimulation. The
unavoidable stimulation of all muscles within the electrical field might not pose a limitation
if all muscles in the field serve the same function. For example, the suprahyoid muscles
(anterior belly of digastric, mylohyoid, and geniohyoid) pull the hyoid bone up and forward,
which is beneficial for swallowing. Based on the knowledge of anatomy and physiology
alone, it suggests that surface stimulation to this region could elevate the hyoid or move it
anteriorly when the mandible is anchored. Percutaneous bilateral stimulation of the
mylohyoid muscle at rest induces displacement of the larynx of ~50% of that seen for
swallowing.16 However, surface stimulation of this region does not appear to facilitate hyoid
bone displacement in a similar manner.18 Regardless of the underlying mechanism
responsible for any observed changes, the evidence suggests that surface stimulation impacts
on swallowing biomechanics differently than percutaneous stimulation, most likely due to
differences in specificity of the stimulation.

STUDIES OF IMMEDIATE AND LONG-TERM EFFECTS IN NORMAL AND
PATIENT GROUPS

Studies of the effects of e-stim on swallowing can be separated by the length of the study
(immediate vs. long-term) and the population being studied (healthy vs. patient population).
Often, the goal of immediate-effects e-stim studies is to answer questions about changes to
physiology with muscle stimulation. These physiological studies are beneficial because they
provide conclusive evidence about the impact of surface stimulation and lead to better
research questions for long-term studies in patients. Long-term studies in healthy and
unhealthy populations answer questions about possible system changes that have
rehabilitative potential, carry-over effects, and the duration of any observed therapeutic
benefit. Taken together, immediate and long-term studies can answer important, larger
questions about the effects of estim on swallowing.
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The immediate physiological effects of e-stim have been studied at rest, during swallowing,
and at sensory and sensory + motor levels. Muscle stimulation at rest can reveal the impact
of the stimulation alone, unconfounded by volitional movement, which implies which
muscles in a muscle group are being targeted by stimulation with a particular electrode
position. Muscle stimulation combined with a task can show how stimulation impacts a
particular movement. Stimulation at the sensory level occurs when only the cutaneous
afferents (sensory receptors in the skin) are being stimulated by the surface electrodes.
Sensory + motor stimulation occurs when the stimulation intensity is increased to activate
both cutaneous afferents and motor nerves for a muscle contraction (Table 1).

The immediate physiological effects of surface e-stim to the submental muscles and anterior
neck was examined in 29 healthy adults.18:1° Using the VitalStim device, participants were
administered e-stim at rest and during swallowing at the sensory + motor level. The
stimulation at rest trials were tested with 10 different electrode placements; some with
electrodes positioned: (a) only above the hyoid bone; (b) only below the hyoid bone, and: (c)
both above and below the hyoid bone. The amplitude of the electrical current delivered was
determined by gradually increasing intensity until the participant reported a grabbing
sensation and was at the maximum tolerance level. As indicated above, the significance of
the hyoid bone as a marker for placement separation is that suprahyoid muscles are
functionally antagonistic to infrahyoid muscles. Testing them in various placements that
account for this antagonistic relationship helps to separate the effect of stimulation on
physiology more meaningfully.

The results of this study showed that placements with electrodes only below the hyoid
(overlying infrahyoid muscles only) and placements above and below the hyoid (overlying
supra and infrahyoid muscles) depressed the hyolaryngeal complex to varying degrees. The
most descent was observed with a placement that targeted both supra- and infrahyoid
muscles. Depression of the hyoid bone and larynx likely occurred with this placement
because the infrahyoid muscles are larger, more superficial and easier to stimulate than
suprahyoid muscles. Those electrode placements that were only above the hyoid bone
(overlying suprahyoids) either caused nonsignificant or minimal anterior or superior hyoid
movement among participants.

The effects of stimulation on swallowing 5 mL of liquid barium were tested in the same
participants using the supra- and infrahyoid electrode position that caused the most
significant hyolaryngeal descent. Results showed that these healthy participants had
significantly reduced hyolaryngeal range of motion (peak elevation) with concurrent
stimulation, but no change in bolus pharyngeal transit time. Stimulated swallows also had
significantly more penetration of liquid barium into the laryngeal vestibule compared with
nonstimulated swallows.

In addition to elevation and anterior movement of the hyolaryngeal complex during
swallowing, intrinsic laryngeal closure is also an important aspect of deglutition. Closure of
the vocal folds was examined with e-stim using the same 10 electrode placements as in the
study described above, also at the sensory + motor level. Nasolaryngoscopy was used to
image true vocal fold movement with concurrent surface estim at rest. Results indicated that
minimal vocal fold angle change was achieved with stimulation (ranging from 2.4 to 2.8
degrees), suggesting that surface e-stim to the submental and neck regions does not produce
immediate true vocal fold adduction adequate for airway protection during swallowing.
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Ludlow et al tested the immediate physiological effects of e-stim in a group of poststroke
patients with chronic pharyngeal dysphagia.2® The stimulation levels during at rest trials
were sensory + motor as in the healthy study described above, while the swallowing trials
included both sensory and sensory + motor stimulation. In this patient study, at rest trials
also caused significant hyoid and laryngeal descent. However, swallowing trials with
concurrent sensory-only stimulation (not sensory + motor) reduced instances of penetration
or aspiration in this patient group. These data suggest that sensory surface e-stim during
swallowing in patients might alter the motor pattern similarly to what is thought to occur
with other sensory-based treatments such as thermal-tactile, taste, or vibrotactile
treatments. 2!

LONG-TERM EFFECTS OF THERAPEUTIC REGIMES OF E-STIM: HEALTHY
AND PATIENT POPULATION

Long-term studies of the effects of e-stim on swallowing are becoming increasingly
prevalent in the literature and have the potential to directly contribute to clinical settings in
ways that studies of immediate effects cannot.22-30 For instance they provide useful
information about the duration and intensity of the successful interventions as well as the
immediate, and sometimes long-term, follow-up effects. On the other hand, it is challenging
to draw strong conclusions from a small number of long-term studies that have focused on
heterogenous patient populations3! or have used outcome measures that are not directly
comparable to one another (Table 2).

One of the earliest controlled studies examined the long-term effects of surface e-stim in
stroke patients delivered as a therapeutic regime assigned to one of two treatment groups:
surface e-stim or thermal-tactile stimulation32 (Table 2). The purpose of this study was to
compare the effects of e-stim to thermal-tactile stimulation and to assess the safety of
surface estim. Measurements were obtained using fluoroscopic images of swallows of
various consistencies. A speech-language pathologist assigned a “swallow function score”
from 0 to 6. The methodology of the study included different durations and frequencies of
treatment blocks to patients, while patients were recruited with a variable level of dysphagia
severity and length of dysphagia symptoms. A total of 99 patients completed this study and
both groups ended with a higher swallow function score, but after 2 years, 89% of e-stim
patients retained the improved swallow function score, while only 67% of thermal-tactile
patients retained their improved status. The authors concluded that surface e-stim was a safe
and effective treatment modality for dysphagia caused by stroke and that surface e-stim
resulted in better swallowing outcomes than thermal-tactile stimulation to the posterior oral
cavity (faucial pillars). These findings are confounded with limitations, however, since in
some patients the data were collected during the time of spontaneous recovery (acute phase),
which might have accounted for some of the improvement. Also, the authors did not report
randomization of patients to treatment groups and blinded scoring.

Table 2 summarizes the results of studies investigating the long-term effects of blocks of e-
stim as a therapeutic regime. All but one of the patient studies included functional changes
as an outcome measure. Fewer included physiological measures, and only two studies have
reported either quality of life or neurophysiological outcomes. Gallas et al examined the
neurophysiological effects of submental transcutaneous e-stim, showing no significant
change in measurements of excitability of the activation of cortical areas involved in
swallowing.33 Apart from the Freed et al (2001) study, the remainder were performed with a
small number of patients (varying from 6 to 25 patients in the studies), minimizing robust
conclusions about the effects of e-stim.
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Only two studies have investigated longer term effects of e-stim on a healthy population.
Park et al studied the effects of effortful swallowing with concurrent e-stim below the hyoid
bone (causing hyolaryneal descent) in healthy adults.2> They reported that 20 minutes of e-
stim for 2 weeks caused greater hyoid elevation, but no change in forward hyoid excursion
was evident. However, results faded within 2 weeks posttreatment. Both Park et al and
Suiter et al found no significant difference in electromyography signal between the control
group and the e-stim group after e-stim treatment in healthy adults.34

Most long-term studies included the stroke population or mixed etiologies, but only two
studies included samples of over 40 patients. The most frequently used treatment for the
control group was traditional dysphagia therapy (i.e., application of the behavioral and
compensatory techniques). Blindedness of the patients and the investigators continues to be
an important issue in this group of studies, as is the various electrode placements and
durations of therapeutic regimes (i.e., Bllow et al: 15 therapeutic sessions; Ryu et al: 20
therapeutic sessions, etc.).3%:36

In summary, there are many limitations to the current treatment studies. Studies using
different electrode placements limit a clear consensus on whether swallowing is enhanced,
unaffected, or negatively influenced by combined supra- and infrahyoid electrode
placements. Also, interpreting functional outcome measures that do not objectively quantify
changes in swallowing biomechanics must be done with caution. Very few patient studies
have objectively quantified specific outcome measures such as the degree of hyolaryngeal
excursion or changes in muscle activation as a result of surface e-stim. Findings from
treatment studies could be combined, yielding stronger overall conclusions about e-stim if
they included: (a) an appropriate control group; (b) a randomized process for the treatment
group assignment; (c) a stable population (i.e., chronic dysphagia) or a very homogeneous
population in both treatment groups; and (d) explicit reporting that all analyses or clinical
decisions were done while blinded to the treatment group.

DISCUSSION: CLINICAL IMPLICATIONS FOR USING ELECTRICAL
STIMULATION

Successful rehabilitation of pharyngeal phase impairments presents a unique challenge for
clinicians, and will continue to do so without a more thorough understanding of how the
nervous system initiates and completes this phenomenon. More challenges ensue since
pharyngeal swallowing is not readily seen without imaging technology (i.e.,
videofluoroscopy, fiberoptic endoscopic evaluation of swallowing).

Perhaps the greatest challenge for clinicians and researchers is to determine the parameters
for judging the utility of a given treatment methodology. Efficacy studies are challenging,

costly and time intensive due to the need for a robust control group, a strict randomization
process, researcher and patient blinding, and a large, homogeneous sample of patients.

We need to improve our understanding of the effects of e-stim in specific types of disorders
and specific levels of severity before we can widely apply the treatment to the general
dysphagic population. The three important principles that guide evidence-based practice are
client and patient values, clinical expertise, and current best evidence. The Clark et al
review® concludes that surface e-stim to the neck for muscle strengthening has been most
often studied, yielding the most promising outcomes, but controlled trials are needed for
evidence of efficacy.

In the meantime, clinicians must take the necessary time to determine the effectiveness of a
given treatment as an individualized approach, always keeping the clinical goal for the

Semin Speech Lang. Author manuscript; available in PMC 2012 October 18.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Humbert et al.

Page 8

patient in mind. If surface e-stim is a treatment consideration, its physiological effects must
be assessed with imaging, similarly to other compensatory mechanisms (i.e., chin tuck) or
per-oral trials of various consistencies. This will provide an objective baseline from which
change can be measured against.

Of course, the importance of having a solid knowledge of swallowing anatomy and
physiology cannot be overstated for any swallowing clinician—whether e-stim is being used
or not. As research advances, it is each clinician’s duty to stay current with new findings in
the use of surface e-stim and to be vigilant in critiquing experimental designs and the
analysis of data. Together, the future of swallowing research and clinical practice has
enormous potential for developing effective management strategies for dysphagia. This can
be achieved with progressive partnerships among highly skilled clinicians and experienced
researchers to ascertain the full potential and limitations of e-stim as well as other
swallowing management options that are both known and not yet discovered.
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