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Abstract 

 

The Efficacy of Electrical-Stimulation for Acquired Dysphagia: A 

Critical Literature Review 

 

Jennifer Naomi Spivack, M.A. 

The University of Texas at Austin, 2012 

 

Supervisor: Thomas P. Marquardt 

    

 Electrical stimulation has been a controversial treatment option for acquired 

dysphagia since the initial study by Freed, Freed, Chatburn, and Christian (2001).  

This report investigates the efficacy of electrical stimulation by addressing three 

issues related to the use of this technique: 1) the movement of the hyolaryngeal 

complex during stimulation, 2) the population(s) for which electrical stimulation 

is efficacious, and 3) the necessity of combining electrical stimulation with 

traditional treatments for the treatment to be effective.  Twenty-two studies were 

evaluated and revealed overall positive findings for the use of electrical 

stimulation as a treatment technique.  To further analyze the strength of these 

findings, the studies were evaluated for methodological limitations with regards to 

participant selection, treatment design, and outcome measure selection.  This 

analysis revealed two main methodological limitations: 1) a lack of established 

treatment protocol which led to differences in how and with what other techniques 

electrical stimulation was used and 2) an absence of follow-up measures.  While 

these factors do not appear to affect the applicability of the study findings, future 
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research should focus developing a treatment protocol and investigating the long-

term benefits of electrical stimulation treatment. 
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Chapter 1: The History of Electrical Stimulation 

Electrical stimulation—which refers to the use of low voltage electrical currents 

to stimulate the sensory neurons or muscle tissues—can be traced back to 47 A.D. with a 

report by Scribonis Largus of Anteros, a man whose gout pains were cured by coming in 

contact with a live electric ray (Clark, 2003; Steele, Thrasher, & Popovic, 2007; Stillings, 

1975).  Scribonis Largus also suggested that this technique could be used to cure 

headache pains and these beliefs persisted through the Middle Ages (Stillings, 1975).  

The first controlled artificial production of electricity was created in the 17
th

 century by 

Otto Von Guericke using an electrostatic sulfur sphere and a Leyden Jar and was later 

elaborated by F. Hauksbee in the 18
th

 century.  John Wesley, an electrotherapist in the 

18
th

 century, suggested that electrical stimulation is effective in treating pain because it 

dilates vessels and capillaries that separates clogging and allows blood to flow freely.  

The 18
th

 century also brought the first use of electrical stimulation to induce muscle 

contraction with Luigi Galvani using electrical current on the leg muscles of a frog 

(Gater, Dolbow, Tsui, & Gorgey, 2011).  As the 19
th

 century approached, changes were 

made to electrical stimulation for both pain and muscle function. 

The 19
th

 century saw a growth in the popularity of not only electrical stimulation, 

but also acupuncture (Stillings, 1975).  Since both techniques were used to cure pain, J.B. 

Sarlandiere and L.V.J. Berlioz thought to combine them and created the first intra-

muscular electrical stimulation systems.  Not only did these men report a decrease in 

inflammation after one use, but also they stated that muscle contraction also occurred.  

Guillaume-Benjamin Duchenne used this technique in the mid-19
th

 century to stimulate 

facial muscle contractions, while Robert Bartholow was able to induce muscle 

contractions by stimulating the cancerous brain of a live woman (Gater et al., 2011).  

Duchenne later created a surface electrical stimulation machine which used electrodes 

that could be placed on the skin instead of directly into the muscles.  While the use of 

electrical stimulation for pain continued to grow in popularity during the 19
th

 century, the 
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use of this technique for muscle contractions did not become popular until the 1960’s 

with the Russian experiments. 

The 1960’s brought the “Russian currents,” which is an electrical stimulation 

treatment regime created by Yakov Kots (as cited in Ward & Shkuratova, 2002).  This 

treatment regime consists of alternating currents at a frequency of 2.5 kHz that are burst 

modulated by a frequency of 50 Hz with a 50% duty cycle.  The stimulus is applied for 

10 seconds followed by 50 seconds of rest for a total of 10 minutes and is referred to as 

the “10/50/10” regime.  This technique was designed to be used with athletes to increase 

muscle strength and force, thereby improving performance.  Kots claimed that electrical 

stimulation would increase muscle strength by targeting Type II fast-twitch, fast-fatigable 

motor units associated with sudden and rapid movements, precise motor control, and 

gracefulness of movement. This is the opposite of volitional exercises, which target Type 

I motor units first and then Type II motor units for additional force or speed (Clark, 

2003).  Since electrical stimulation recruits these muscle units in the reverse order—

targeting Type II units first because they produce higher forces—greater gains in strength 

would be seen (Suiter, Leder, & Ruark, 2006).  Kots also stated that combining electrical 

stimulation with exercise would produce the optimal force-enhancing regimen, because 

the voluntary exercise would produce gains in muscle force and bulk while the electrical 

stimulation would elicit athletic skill and coordination gains (as cited in Ward & 

Shkuratova, 2002).  Kots reported gains of 40% in elite athletes that were treated with 

this technique.  While this result was rarely replicated in English-language studies with 

healthy individuals and athletes, the initial study by Kots has led to numerous studies to 

determine the various uses of electrical stimulation as a therapy technique to improve 

muscle function.   

The electrical stimulation technique used by Kots is currently referred to as 

neuromuscular electrical stimulation, functional electrical stimulation, or motor level 

stimulation.  Electrodes applied to the skin produce an electrical current which selectively 

targets muscles innervated by nerves to recruit Type II motor units (Carnaby-Mann & 

Crary, 2007; Ryu et al., 2009; Ward & Shkuratova, 2002).  Muscle contractions are 
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caused by the bypassing of the injured central circuitry and depolarizing the nerve fibers 

in the region under the electrodes (Langdon & Blacker, 2010; Suiter, Leder, & Ruark, 

2006).  Studies have shown this type of stimulation to be effective in increasing muscle 

strength and coordination for various disorders including spinal cord injury (Gater et al. 

2011), severe congestive heart failure or severe obstructive lung disease (Neder et al., 

2002), stroke (Burridge, Taylor, Hagan, Wood, & Swain, 1997; Kottink et al., 2004; 

Waters, McNeal, & Perry, 1975), cerebral palsy (Carmick, 1993a; Carmick, 1993b; 

Cauraugh & Naik, 2010; Kerr, McDowell, & McDonough, 2004), and multiple sclerosis 

(Wahls, Reese, Kaplan, & Darling, 2010) .   

Electrical stimulation for pain control continues to be used and is currently 

referred to as transcutaneous electrical nerve or sensory level stimulation (Nolan, 1988).  

This type of stimulation is applied to the sensory neurons and along with controlling pain 

has been shown to increase sensory awareness (Carmick, 1993b), support circulation to 

the muscles (Carnaby-Mann & Crary, 2007; Steele et al., 2007), and decrease atrophy 

following surgery (Snyder-Mackler, Delitto, Bailey, & Stralka, 1995; Snyder-Mackler, 

Delitto, Stralka, & Bailey, 1994; Delitto et al., 1988) or prolonged disuse of muscles 

(Gater et al., 2011; Glanz, Klawansky, Stason, Berkey, & Chalmers, 1996; Needham, 

Troung, & Fan, 2009).  These factors have been shown to increase the likelihood for later 

use of targeted muscles. With the effectiveness of electrical stimulation seen in the 

physical therapy field, Freed, Freed, Chatburn, and Christian (2001) speculated that this 

technique may be beneficial as a treatment for severe dysphagia.  
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Table 1. 

Dysphagia Scales 
Scale Description 

Freed et al. (2001) 

 

From 0 to 6 that uses the consistency of liquid that the patient 

can safely swallow to determine score 

 

Kiger et al. (2006) 

 

From 1 to 7 that uses the amount of difficulty at each phase of 

swallowing to determine score 

 

Functional Oral Intake Scale (FOIS) 

Crary et al. (2005) 

 

From Level 1 to Level 7 that uses the amount of solids and 

liquids an individual can safely swallow to determine the 

level 

 

Dysphagia Severity Scale 

Enderby (1992) 

From 1 to 5 that uses the consistency of material aspirated to 

determine score 

 

Penetration-Aspiration Scale (Pen-Asp) 

Rosenbek et al. (1996) 

 

From 1 to 8 that is used to judge the amount of material 

entering the laryngeal and tracheal areas 

Functional Dysphagia Scale (FDS) 

Han et al. (2001) 

Used to quantify 11 different physiologic parameters of a 

videofluoroscopic swallow study 

 

Clinical Dysphagia Scale (CDS) 

Jung et al. (2005) 

 

Used to quantify 8 different clinical variables 

ASHA National Outcome Measurement 

System Swallowing Level Scale (ASHA-

NOMS) 

ASHA (1998) 

 

From Level 1 to Level 7 that uses the amount of solids and 

liquids an individual can safely swallow to determine the 

level 

M.D. Anderson Dysphagia Inventory  

Chen et al. (2001) 

 

19-item questionnaire that assesses effect of dysphagia on the 

quality-of-life of patients with head and neck cancer 

Swallowing Quality of Life Questionnaire 

(SWAL-QoL) 

McHorney et al. (2000) 

 

44-item questionnaire that assesses the effect of dysphagia on 

ten quality-of-life concepts 

National Institute of Health Swallowing 

Safety Scale (NIH-SSS) 

Ludlow et al. (2007) 

 

Used to judge 6 different areas of penetration and aspiration 

Dysphagia Outcome and Severity Scale 

(DOSS) 

O’Neil et al. (1999) 

 

From Level 1 to Level 7 that uses amount of oral intake, 

difficulty at each phase of swallowing, consistency 

restrictions, and amount of assistance to determine level 

Standardized Swallowing Assessment 

(SSA) 

Smithard et al. (1998); Perry (2001) 

 

Used to assess patient’s cognitive level, muscle strength and 

support for swallowing, and swallowing abilities with water 

Actual Nutrition Status (ANS) scale  

Bulow et al. (2008) 

 

From 0 to 6 that uses the amount of oral intake, 

compensation, and consistency restrictions to determine score 

 

Oral Motor Function Test (OMFT) 

Bulow et al. (2008) 

From 0 to 4 that assesses 7 different oral motor functions 

associated with dysphagia 
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Table 2.  

Abbreviated Terms 

Abbreviation Full Term 

CVA 

TBI 

Cerebrovascular accident 

Traumatic brain injury 

MS Multiple sclerosis 

ALS Amyotrophic lateral sclerosis 

PD Parkinson’s disease 

sEMG Surface electromyography 

FEES Fiberoptic endoscopic evaluation of swallowing 

VFSS Videoflouroscopic swallow study 

MBSS Modified barium swallow study 

NMES Neuromuscular electrical stimulation 

RT Radiation therapy 

CRT  Chemoradiation therapy 

OMEs Oral motor exercises 

LEs Laryngeal exercises 

OTT Oral transit time 

PTT  Pharyngeal transit time 

PDT Pharyngeal delay time 

SRT  Swallow response time 

LCD Laryngeal closure duration 

NPO  Nothing per oral (nothing by mouth) 

PEG Percutaneous endoscopic gastrostomy tube 

UES Upper esophageal sphincter 
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Chapter 2: The Beginning of Electrical Stimulation In Dysphagia 

Treatment 

Dysphagia is a disorder of swallowing that leads to an inability to stay well-

nourished and hydrated through oral means and can affect any stage of the swallowing 

process (D. Granof, CSD 293E.1 lecture, August 25, 2011).  Approximately 10 million 

people are evaluated each year for swallowing difficulties with a prevalence suggested to 

be as high as 22% in people over 50 years of age (ASHA, 2008).  Dysphagia results from 

a number of etiologies including stroke, traumatic brain injury, head and neck cancer, and 

degenerative neurologic diseases (i.e. MS, ALS, etc.) (Huckabee & Doeltgen, 2007).  

Deficits can include difficulties with bolus formation by the oral structures, bolus 

transportation by the oral and pharyngeal structures, airway protection, and esophageal 

opening to allow food to be transported to the stomach.  These deficits predispose this 

population to increased risk for dehydration, malnutrition, and medical complications 

such as aspiration pneumonia (Freed et al., 2001).  Along with the physical complications 

of dysphagia, patients often suffer emotional consequences from the loss of the social 

aspect of eating.  Because of the significant impact that dysphagia has on a person’s life, 

it is important to develop treatments that are effective for as many patients as possible. 

A variety of treatments have traditionally been used to improve dysphagia 

symptoms such as bolus variation, which includes thickening food and liquids for better 

bolus control; positional changes, which includes head rotation to change the physiology 

and movement of the bolus through the system; environmental changes, which includes 

cognitive stimulation to improve the anticipatory stage of eating; strengthening exercises 

for the oral and pharyngeal stages, such as the Mendelsohn maneuver to increase 

laryngeal elevation or effortful swallowing to increase tongue base retraction; and 

stimulation techniques, which includes oral stimulation or thermal-tactile stimulation to 

increase sensory input (D. Granof, CSD 293E.1 lecture, October 13, 2011).  While these 

methods have been shown to be beneficial for patients with mild-moderate dysphagia, 

they are often ineffective for those patients with severe dysphagia (Freed et al., 2001; 
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Ryu et al., 2009).  Many patients with dysphagia also are unsuitable for certain treatment 

techniques, such as strengthening exercises and positional changes, due to age or 

neurological status or both which results in decreased effectiveness of therapy techniques 

(Leelamanit, Limsakul, & Geater, 2002).  These limitations in treatment have led to the 

use of electrical stimulation in the treatment of dysphagia (Freed et al., 2001). 

In the first study conducted using electrical stimulation for dysphagia, Freed et al. 

(2001) addressed the most commonly reported swallowing problems, delayed initiation 

of pharyngeal swallow and reduced strength of swallow, which is characterized by 

reduced excursion of the hyolaryngeal complex and the presence of residue in the 

pharyngeal space (Steele et al., 2007).  The study compared neuromuscular electrical 

stimulation applied to the neck to stimulate contraction of the digastric and thryohyoid 

muscles (muscles used to elevate the hyolaryngeal complex) and thermal-tactile 

stimulation of the anterior faucial arches (sensory trigger for swallow) (Freed et al, 2001).  

Both techniques were combined with swallowing of various bolus types.  Ninety-nine 

participants, with the primary diagnosis of stroke, were randomly assigned into either the 

experimental group—which received electrical stimulation—or the control group—which 

received thermal-tactile stimulation.   

Participants in both groups were asked to swallow during treatment.  Treatment 

was given until a pre-determined criterion was achieved using a swallow scale created by 

the authors (Refer to Table 1 for dysphagia scale descriptions).  For in-patients the 

predetermined criteria was a swallow score of 5 (minimal deficit) or until discharge, 

while the out-patient predetermined criteria was a swallow score of 6 (normal 

swallowing) or until it was judged that no more progress would be made.  Since the 

majority of participants had initial swallow scores of 0 or 1—which represented an 

inability to swallow any solids or liquids safely—treatment was considered successful if a 

swallow score of 2 was reached because paste consistencies were tolerated and a PEG 

tube (Refer to Table 2 for abbreviated term descriptions) was not required.  The mean 

pre-treatment swallow scores for the experimental and control group were comparable at 

0.76 and 0.75, respectively.  Patients in both groups showed improvement following 
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treatment, but the participants receiving electrical stimulation showed greater 

improvement with 95% of patients experiencing successful treatment with a post-

treatment mean swallow score of 4.52.  Only 52% of patients receiving thermal-tactile 

stimulation had successful treatment with a post-treatment mean swallow score of 1.39.  

This study, along with a larger study conducted by Freed (2001), led to the 2001 FDA 

approval of the VitalStim device- the only commercially-manufactured electrical 

stimulation device available to practicing clinicians (Chattanooga Group, Hixson, TN; 

Langdon & Blacker, 2010).   

While the initial study showed promising results for the use of electrical 

stimulation in the treatment of dysphagia, a closer look revealed significant 

methodological flaws (Coyle, 2002).  Freed et al. (2001) stated that the participants were 

randomly assigned to either the experimental or control group, but participants that saw 

no benefits from conventional therapy were automatically placed in the experimental 

group (Coyle, 2002).  The control group also contained a higher number of participants 

with a co-morbid cancer diagnosis which could have affected improvement due to the 

effects of chemotherapy and radiation on the swallowing process.  Finally, there was no 

training of the raters and while the radiologists providing the narrative about the MBSS 

were blind to the group assignment, the speech-language pathologist assigning the 

swallowing score knew which patients were assigned to which group.  These 

methodological flaws caused an initial controversy over the efficacy of electrical 

stimulation as a dysphagia treatment. 

The debate about the use of electrical stimulation also revolves around which 

muscles are targeted, how those muscles are targeted, and which populations would 

benefit most from this treatment (Clark, 2003; Humbert & Ludlow, 2004; Suiter et al., 

2006).  Because the electrodes used to treat dysphagia are placed on the surface of the 

skin, the skin and the most superficial muscles get the greatest stimulation followed by 

slightly deeper muscles when the intensity of the current in increased (Steele et al., 2007).  

This means that the nerve endings in the skin and the platysma--the muscle that is located 

directly below the neck and tightens the neck when it contracts--are most stimulated, 
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neither of which are involved in elevating the hyoid or larynx during swallowing 

(Ludlow, 2008; Ludlow, 2010).  The muscles that are involved in the elevation on the 

hyolaryngeal complex are deep muscles that receive little-to-no amount of stimulation. 

There is also controversy surrounding the order in which electrical stimulation 

targets Type I and Type II muscle fibers. Electrical stimulation first targets Type II 

muscle fibers followed by Type I fibers, which is the opposite of volitional exercise 

(Clark, 2003).  However this reverse muscle unit recruitment contradicts the motor 

learning principle which states that an effective exercise program must closely match the 

target behavior (Suiter et al. 2006).  The gains in strength acquired during electrical 

stimulation may not carry over to functional activities.  Combining electrical stimulation 

with functional activities (i.e. swallowing exercises) may be the most beneficial 

treatment, but not all patients have the ability to produce these functional activities, such 

as patients with cognitive deficits (Clark, Lazarus, Arvedson, Schooling, & Frymark, 

2009).  Because dysphagia is seen in populations with cognitive deficits, it is necessary to 

see if electrical stimulation alone will increase swallow safety. 

Cognitive deficit is just one consideration when choosing the population(s) that 

could receive benefit from electrical stimulation.  Dysphagia severity must also be taken 

into account.  Freed et al. (2001) suggested that electrical stimulation would be applicable 

to patients with even the most severe dysphagia, characterized by aspiration on saliva, 

without a theoretical basis to explain this effect.   The nerve supply to both the muscles 

and sensory system must be intact for electrical stimulation to have an effect, but it is 

unclear if that is the only criterion when deciding whether this treatment would be 

beneficial (Langdon & Blacker, 2010; Ludlow, 2008).   

Etiology must also be taken into account when making treatment decisions.  

While electrical stimulation may be beneficial for certain types of acquired dysphagias--

those caused by an event (i.e. stroke, TBI, cancer, etc.)--it may be detrimental to 

dysphagia caused by neuro-degenerative diseases, such as ALS and MS (Clark, 2003).  

These disease processes significantly impede or prevent the recovery process associated 

with muscle fatigue caused by electrical stimulation.  This would lead to decreased 
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muscle strength and increased nerve degeneration.  Even with this knowledge recent 

studies have been conducted to see the effects, and possible benefits, of electrical 

stimulation for patients with neurodegenerative diseases (Baijens, Speyer, & Pilz, 2011; 

Bogaardt et al., 2009; Shaw, et al., 2007). 

A survey of speech-language pathologists with an interest in swallowing and 

swallowing disorders revealed that not being comfortable with the published data and a 

need to know more about the method were the main reasons for not employing electrical 

stimulation (Crary, Carnaby-Mann, & Faunce, 2007).  The purpose of this review is to 

address the efficacy of electrical stimulation by discussing issues related to the use of this 

technique for dysphagia treatment.  Four clinical questions were targeted in this review: 

1.  What is the movement of the hyolaryngeal complex during electrical 

      stimulation?  

2.  For which population(s) is electrical stimulation efficacious? 

3.  Is electrical stimulation effective alone or does it have to be combined with  

     traditional treatment to be effective? 

4. What are the methodological limitations, if any, of the studies presented in this 

     review and how does that affect the applicability of the findings? 

 

 

 

 

 

 

 

 

 

 

 

 



 11 

Chapter 3: Literature Search 

 A systematic search was conducted to identify all studies that investigated the use 

of electrical stimulation for treatment of dysphagia published or presented at a conference 

between January 2001 and January 2012.  The search was conducted using Web of 

Knowledge, MEDLINE, and PubMed. In order to be considered for the review, studies 

had to meet the following criteria: (1) Included 10 or more participants, (2) Participants 

were 18 years of age or older, (3) Used electrical stimulation applied to the surface of the 

chin/throat regions, and (4) Evaluated the effects of electrical stimulation alone, in 

comparison to traditional therapy, or in addition to traditional therapy (including 

swallowing of a bolus while stimulation was activated).  Reference lists of review articles 

and posters published in conference proceedings also were evaluated from relevant 

publications.  Using the terms electrical stimulation, dysphagia, swallowing, and 

treatment, 79 studies were found, of which 18 primary research articles, 3 research 

posters, and 1 research paper met the criteria and were available. 
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Chapter 4: Hyolaryngeal Complex Movement During Electrical 

Stimulation 

Swallowing is a complex process that involves the coordination of many muscles 

not only to move the bolus into the esophagus, but also to protect the airway and 

respiratory system.  This airway protection is caused by contraction of muscles to move 

the hyoid and larynx in an anterior and superior direction which closes off the laryngeal 

vestibule by bringing the arytenoids to the epiglottis.  This allows a substance (i.e. food 

or liquid) to pass around the vocal folds and trachea into the esophagus.  The muscles that 

move the hyoid bone are located in the submental region and include the mylohyoid, the 

geniohyoid, and the anterior belly of the digastric muscle while the thyrohyoid, located in 

the neck moves the larynx (Ludlow, 2010).  Decreased strength of these muscles leads to 

the inability to move the hyolaryngeal complex upward and forward to close off the 

laryngeal vestibule, which increases the risk of a substance entering the laryngeal 

vestibule and passing through the vocal folds into the airway.  The rationale behind using 

electrical stimulation for dysphagia is to stimulate and increase the strength of the 

muscles that elevate the hyolaryngeal complex, but it is unclear if these muscles are 

actually activated. 

Electrical stimulation for dysphagia is surface stimulation, meaning the electrodes 

are placed on the surface of the skin instead of being hooked into the targeted muscle.  

Because the electrodes are on the surface, the parts of the neck closest to the surface are 

targeted which include the skin and the muscles directly under the skin (Steele et al., 

2007).  In a 2006 study, Humbert et al. investigated the effects of 10 different electrode 

placements on the hyolaryngeal complex of healthy individuals at rest and during 

swallowing.  The four electrode placements outlined by VitalStim were used, along with 

6 other placements determined by the authors (Humbert et al., 2006; Wijting & Freed, 

2003).  Nine electrode placements included stimulation of the neck region with or 

without the submental region, while one placement involved just stimulation of the 

submental region.  The results of the study showed that any placement involving the neck 
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region caused downward movement of the hyoid bone at rest and decreased the swallow 

safety in healthy individuals.  When the submental region was stimulated alone, there 

was insignificant superior movement of the hyoid bone at rest, which would not increase 

the safety of a swallow.  The authors suggested that the reason for the hyoid bone 

descent--with or without the stimulation of the submental region--was that the larger, 

more superficial omohyoid, sternohyoid, and sternothyroid muscles were being 

stimulated while the thyrohyoid muscle, which is the targeted muscle for laryngeal 

elevation, was getting little to no stimulation.  They also suggested that this downward 

descent of the hyoid bone caused the increased aspiration risk.  In a related study, Park et 

al. (2009a) investigated the hyoid excursion and submental muscle electrical activity 

using surface electromyography (sEMG) of 16 healthy individuals following electrical 

stimulation combined with swallowing.  Participants were randomly assigned into the 

motor level stimulation group—meaning stimulation intensity was increased until muscle 

contraction was visible—or the sensory level stimulation group—meaning stimulation 

intensity was below the level of producing muscle contraction.  Electrodes were placed 

on the infrahyoid area to stimulate the sternohyoid muscles and treatment consisted of 

stimulation plus an effortful swallow of 2mL of water every 10 seconds.  Treatment was 

received for 20 minutes per weekday for 2 weeks.  Study results revealed that change was 

only experienced by participants in the motor level group with a non-significant increase 

on sEMG levels and a significant increase in hyoid bone elevation.  Following two weeks 

of no treatment all outcome measures were repeated which showed that treatment effects 

had faded.  The authors concluded that the downward movement of the hyolaryngeal 

complex caused by electrical stimulation—as shown in Humbert et al. (2006)—acted as a 

type of resistance training when stimulation was combined with swallowing.   During a 

volitional swallow the muscles that elevate the hyolaryngeal complex had to overcome 

the resistance which caused an increase in hyoid elevation following electrical 

stimulation treatment, but these effects may not be maintained once treatment is 

discontinued. 
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Ludlow et al. (2007) produced findings that coincided with the results of both 

Humbert et al. (2006) and Park et al. (2009a) in a study that investigated the electrical 

stimulation-induced effects on the hyolaryngeal complex of 11 chronic dysphagia 

patients at rest and during swallowing.  Stimulation was conducted at both the sensory 

level and the motor level during swallowing. Using an electrode placement described as 

effective by the VitalStim training program, two electrodes were placed horizontally 

across the submental region and two on either side of the thyroid cartilage (Ludlow et al. 

2007; Wijing & Freed, 2003).  All the patients had dysphagia for at least 6 months from a 

variety of etiologies including stroke, traumatic brain injury (TBI), and Parkinson’s 

disease, a severely restricted diet and/or enteric feeding, and showed risk of aspiration for 

liquids on a videofluoroscopic swallow study (VFSS).  The results showed downward 

movement of the hyoid bone at rest and either no change or decreased risk of aspiration 

during stimulation.  While anterior or superior hyoid excursion was not reported, the 

authors stated that patients in the motor stimulation group who experienced the greatest 

hyoid depression at rest showed the greatest improvement during swallowing.  These 

findings are similar to Park et al. (2009a) and suggest that the downward movement of 

the hyoid caused by electrical stimulation acts as resistance when combined with 

swallowing.  This resistance causes increased activation of the muscles that elevate the 

hyoid, which leads to upward and forward movement of the hyoid during swallowing and 

increased safety of the swallow.  

Even though certain patients saw improvement in the Ludlow et al. (2007) study, 

not all individuals with dysphagia may be able to overcome the downward descent of the 

hyoid bone caused by stimulation to the neck region.  Stimulation to just the submental 

region was thought to be an alternative placement, but Humbert et al. (2006) observed 

minimal elevation of the hyolaryngeal complex—only 1mm—when electrodes were 

placed horizontally across the region.  Stating that this placement does not take the 

direction of the muscles into account, Kim and Han (2009) studied the effects of 

stimulating the submental region with the direction of muscles as a factor.  Two 

electrodes were placed at the midpoint between the chin and the bilateral edges of the 
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hyoid and two at the midpoint between the chin and the mandibular edges.  The study 

compared the movement of the hyoid bone, larynx, and epiglottis during stimulation to a 

normal swallow in healthy individuals.  During stimulation the hyoid bone elevated 

66.8% and moved anteriorly 45.2% relative to a normal swallow.  The subglottic air 

column (the larynx) also moved at a smaller degree than during a normal swallow with 

elevation at 40.1% and anterior movement at 46.5%.  The epiglottis only rotated 24% of a 

normal swallow during stimulation, which would be inadequate for treatment purposes.  

The authors found that during a normal swallow the larynx elevated more than the hyoid 

bone but during electrical stimulation the hyoid bone elevated more than the larynx.  

They suggested that this is because the thyrohyoid muscle is not stimulated when 

electrodes are placed on the submental region alone.  Because the results of this study 

showed that the hyolaryngeal complex moves in the same trajectory but to a smaller 

degree, the authors proposed that combining this type of stimulation with voluntary 

swallowing would be an effective treatment for dysphagia. 

While the results of the Kim and Han (2009) study are promising, correct 

electrode placement required the use of VFSS which was time-consuming and not 

practical for real-life clinical situations.  More research is required to determine if it is 

possible to place electrodes without instrumentation.  This placement has also not been 

accepted into the training for VitalStim, which is required of all clinicians using electrical 

stimulation (Witjing & Freed, 2003).  All placements endorsed by VitalStim include 

stimulation of the neck region, which was shown to depress the hyoid and larynx 

(Humbert et al. 2006; Ludlow et al., 2007).  Since the placement of electrodes for 

electrical stimulation has been largely determined by the trainers for VitalStim—the most 

widely-used, commercially-manufactured equipment—it is important to determine which 

patients would or would not benefit from these electrode placements. 
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Chapter 5: Populations 

ETIOLOGY 

Dysphagia caused by an event (i.e. stroke, TBI, respiratory failure, etc.) composes 

the majority of patients seen for treatment (Crary, 2010a).  Because of the large number 

of patients with these diagnoses, it is important to determine if electrical stimulation 

would be a beneficial treatment.  Leelamanit, Limsakul, and Geater (2002) investigated 

the use of electrical stimulation with various etiologies including stroke, aging, C-spine 

surgery, syringomyelia, post radiation, and atrophic brain.  Some of the patients in the 

study had dysphagia resulting from unknown etiology.  Patients were at least 3 months 

post-onset and demonstrated moderate-to-severe dysphagia with reduced laryngeal 

elevation.  Treatment consisted of electrical stimulation for 4 hours per day with 

electrodes placed overlying both sides of the thyrohyoid muscle.  Patients received 

treatment until they fulfilled the criteria for successful treatment (improved swallow) or 

until evaluation indicated that other intervention was necessary.  The swallow was 

considered to be improved if the patient met the following criteria:  increased ability to 

swallow more than 3 mL of water without aspiration or coughing, adequate oral intake 

and weight gain, and a VFSS showing no laryngeal penetration or aspiration with an 

obvious improvement in the elevation of the larynx and an increase in the width of the 

upper esophageal sphincter (UES) opening.  Of the 23 patients participating, 20 saw 

improvement.  Patients with moderate dysphagia typically reached “improved 

swallowing” criteria within 2-4 days and patients with severe dysphagia met criteria 

within 3-30 days.  Six patients experienced relapse 2-9 months following the conclusion 

of the study, but received a second course of treatment which was determined to be 

successful.  While this study suggests promising results for the use of electrical 

stimulation for various etiologies, further analysis revealed that the etiology for the 

majority of patients was aging.  Research has shown that while changes to swallowing 

are observed as people age, these changes are not considered dysphagia but instead are 

secondary alterations in sensory perception (i.e. smell and taste) and decreased muscle 
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strength (Groher, 2010).  Because the patients in the Leelamanit et al. (2002) study with 

the etiology of aging had a normal, but slowed swallow the resistance training effects of 

electrical stimulation may have caused improved swallowing.  An analysis of the 

treatment results of patients with known etiologies (i.e. stroke, C-spine surgery, atrophic 

brain, post-radiation, and syringomyelia) revealed that these patients improved less than 

those with swallowing changes due to aging.  Also, two patients with true dysphagia 

experienced failed treatment and four relapsed following the first round of treatment.  Of 

these 6 patients, three had dysphagia caused by a stroke.  The Agency for Health Care 

Policy and Research showed most cases of dysphagia occur following a stroke, so it is 

vital to determine if electrical stimulation is a viable treatment option for this population 

(as cited by Groher & Puntil-Sheltman, 2010). 

Permsirivanich et al. (2009) investigated the benefits of electrical stimulation in 

stroke patients with persistent pharyngeal dysphagia, with persistent being defined as 

dysphagia for more than 2 weeks.  Twenty-three patients were randomly assigned to two 

groups; rehabilitation swallowing therapy and neuromuscular electrical stimulation 

(NMES). They received 60 minutes of treatment for 5 consecutive days with 2 days off 

for 4 weeks.  The electrodes were placed in a vertical line over the thyroid notch.  

Patients in the NMES group had a pre-treatment Functional Oral Intake Scale (FOIS) 

score of 2.2, which represents a severe dysphagia diagnosis.  After treatment the FOIS 

scores of this group increased to 5.4, representing dysphagia symptoms had improved to 

mild.  Similar results were shown by Xia et al. (2011) in a randomized controlled study 

with 120 post-stroke dysphagia patients.  Treatment was initiated 48 hours after the 

presence of stable vitals and the absence of neurological signs, which usually occurred 8-

9 days post-onset.  A variety of measurements were used including a standardized 

swallowing assessment (SSA), a Dysphagia Outcome and Severity Scale (DOSS) score 

obtained using VFSS, sEMG measurement of swallowing muscles, and the Swallowing-

related Quality of Life questionnaire (SWAL-QOL).  Prior to treatment, all 

measurements revealed moderate-to-severe dysphagia severity.  Patients received 30 

minutes of treatment twice a day for 5 days for 4 weeks with varying electrode placement 
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based on VFSS scores, patient tolerance, and condition of the patient.  Following the 

treatment all measures changed to a statistically significant degree with final scores 

revealing no-to-mild dysphagia.  While these results appear to show that electrical 

stimulation can improve swallowing ability in this population, all the patients included in 

these studies were two weeks or less post-onset and could have experienced spontaneous 

recovery.  Although chronic dysphagia caused by stroke is seen in a significantly smaller 

percentage of patients than acute dysphagia (3-9% vs.43-51%), persistent dysphagia has a 

negative effect on quality of life so finding a treatment that will improve swallowing in 

this population is essential (Gordon, Langton, & Wade, 1987 as cited by Groher & 

Puntil-Sheltman, 2010; Mann, Hankey, & Cameron, 1999 as cited by Groher & Puntil-

Sheltman, 2010; Smithard, O’Neill, & England, 1997 as cited by Groher & Puntil-

Sheltman, 2010).  

Dysphagia is considered to be chronic when symptoms persist for at least six 

months (Crary, 2010a).  Gallas, Marie, Leroi, and Verin (2010) investigated the use of 

sensory level electrical stimulation with chronic dysphagia.  All patients had dysphagia 

for 6 or more months and displayed alterations in the oral stage, increased pharyngeal 

transit time, and a delay in swallow response time but were still able to eat some 

substances orally.  Electrodes were placed on the submental region in front of the 

mylohyoid muscles and the intensity was set just below motor response level.  Patients 

were told to swallow when they felt the stimulation and received treatment for 1 hour per 

day for 5 days.  Results showed improved swallowing coordination with a decrease in 

swallow response time, improvement in the presence of residue and amount of aspiration, 

and self-reported decrease in swallowing impairment by the patients.  The findings of this 

study suggest that electrical stimulation, at least at the sensory level, may be a feasible 

treatment for patients with chronic dysphagia caused by stroke. 

An additional etiology included in the Leelamanit et al. (2002) study that needed 

further investigation was head/neck cancer.  Dysphagia in this population is not only an 

effect of surgery, but also of chemoradiation therapy which can be detrimental to 

swallowing ability (Crary, 2010b; Peng, Masood, & Sinha, 2008).  Since the dysphagia 
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typically seen in this population is severe it is important to determine if electrical 

stimulation can overcome these interacting factors to improve swallowing abilities.  Ryu 

et al. (2009) conducted a study with patients suffering from dysphagia as a treatment 

complication following surgery and/or radiation.  Patients received 30 minutes of 

electrical stimulation followed by 30 minutes of conventional dysphagia treatment, five 

times a week for 2 weeks.  A variety of measurements were used including the Functional 

Dysphagia Scale (FDS), the Clinical Dysphagia Scale (CDS), the ASHA National 

Outcome Measurement System Swallowing Level Scale (ASHA-NOMS), and the M.D. 

Anderson Dysphagia Inventory Scales.  Following treatment patients saw a significant 

change on the FDS, but no significant change on the CDS, ASHA-NOMS, and M.D. 

Anderson.  The authors suggest that the reason greater change was not seen is due to the 

anatomic restrictions resulting from surgery.  Because these altered anatomical changes 

contribute to dysphagia, head and neck cancer patients may be less likely to have 

physiologic capability to change swallow behaviors.   

Lin et al. (2011) conducted a similar study for patients with nasopharyngeal 

carcinoma who had completed radiation therapy one year prior.  This study also included 

multiple assessments including the M.D. Anderson, the Penetration-Aspiration Scale 

(Pen-Asp), and a VFSS to look at a variety of oral and pharyngeal parameters.  

Participants received 15 sessions, each lasting 60 minutes, with electrodes placed above 

the hyoid and between the hyoid and the thyroid cartilage to stimulate suprahyoid 

muscles.  Results of the study showed a significant increase on the M.D. Anderson and in 

the VFSS parameters of velocity of hyoid movement, duration of hyoid displacement 

with thin liquids, and residue in the pyriform sinuses with paste consistency.  There was 

improvement on the Pen-Asp, but it was not significant.  No real change was noted in 

VFSS temporal parameters (oral transit time, pharyngeal transit time, and pharyngeal 

delay time) or hyoid displacement.  The authors suggested that electrical stimulation may 

help with fibrosis typically seen in this population following radiation therapy, allowing 

the hyoid bone to move faster and resulted in increased airway protection, decreased 

aspiration, and less residue. 
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Peng et al. (2008) presented results of a study that investigated the development 

of fibrosis during radiation therapy (RT) and the effects of using electrical stimulation 

during treatment.  The researchers compared the levels of TGF---which may contribute 

to excessive fibrosis by blocking MyoD expression—in patients pre- and post-radition 

that had or had not received NMES during RT.  While all patients had higher levels of 

TGF- following RT, those patients that received concurrent electrical stimulation had 

decreased amounts of fibrosis than those patients that underwent RT alone.   

Ouyoung, Villegas, and Sinha (2011) also showed that the use of NMES 

combined with the McNeill Dysphagia Training Program during chemoradiation therapy 

(CRT) resulted in improved swallowing abilities in 14 tongue cancer patients.  Patients 

received treatment, which combined NMES and exercises, two times per week for one 

hour for 8-12 weeks.  Pre-treatment FOIS scores were 1.7 which represents severe 

dysphagia, while post-treatment FOIS scores were 6.11 representing mild dysphagia.  A 

separate group of patients were given treatment six months after CRT was completed.  

These patients also showed improvement, but less than the group receiving treatment 

concurrent with CRT.  Maintenance was observed for both groups at a 6 month follow-

up.  Results of this study suggest that using NMES during CRT improves a patient’s 

swallowing ability and allows these individuals to continue an oral intake diet.  While the 

reasons for the lesser improvement of the patients treated 6 months post-radiation were 

not discussed, one reason may be an increase in fibrotic muscle.  These studies show 

promising results for the use of electrical stimulation with this population, especially 

when used concurrently with chemoradiation therapy. 

Neurodegenerative diseases—such as multiple sclerosis (MS), Parkinson’s 

disease (PD), and amyotropic lateral sclerosis (ALS)—frequently cause dysphagia.  

While it is counterintuitive to use electrical stimulation with these populations, due to the 

muscle fatigue caused by muscle contractions, studies have included these individuals as 

participants.  Kiger, Brown, and Watkins (2006) included a patient with Parkinson’s 

disease who also had experienced a stroke and was 207 days post-onset.  The patient had 

mild dysphagia, as represented by an oral and pharyngeal score of 6 on the swallowing 
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severity scale created by the authors.  Treatment consisted of electrical stimulation with 

electrodes placed vertically above and below the thyroid notch.  The authors stated that 

VitalStim protocol was used, which suggests the electrical stimulation was combined 

with oral and laryngeal exercises, but this was not explicitly said.  The patient only 

improved 1 point on the oral scale and showed no improvement on the pharyngeal scale, 

but advanced to a regular diet with thin liquids.  While it appears this patient improved 

functionally, very little change was seen on the severity scales, which could be due to 

spontaneous recovery since the patient was within the 6 month window of recovery.  No 

follow-up was conducted to see if improvements were maintained, which is important 

due to the deterioration that can be seen with Parkinson’s disease.  Shaw et al. (2007) 

included a patient with Parkinson’s disease and a patient with ALS in their study in 

which treatment consisted of electrical stimulation plus swallowing of tolerated 

consistencies.  Post-treatment measures showed that both patients had improved 

swallowing abilities, with dysphagia severity changing from significant dysphagia to 

moderate dysphagia.  Follow-up telephone surveys were conducted 1-21 months post-

treatment to see if patients perceived improvements following treatment and if those 

improvements had been maintained.  Results of the follow-up interviews revealed that the 

patient with Parkinson’s disease expressed feelings of improvement both immediately 

following treatment and at the time of the interview, while the patient with ALS 

expressed a feeling of deterioration immediately following treatment.  While the 

deterioration experienced by the patient with ALS could have been due to the rapid 

progression of this disease, it could have also been due to increased muscle fatigue 

caused by electrical stimulation.  Additional studies (Ludlow et al., 2007; Verin et al., 

2011) have included participants with neurodegenerative diseases, but the results were 

unclear regarding whether these patients saw improvement or deterioration due to lack of 

information.   

Due to vague and conflicting results shown in studies with a limited number of 

patients with neurodegenerative diseases, studies have been conducted that include only 

individuals from this population.  Bogaardt et al. (2009) investigated the effects of 
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electrical stimulation on individuals with mild dysphagia due to MS.  Seventeen patients 

were included with the average time since diagnosis of MS being 16.5 years.  Treatment 

was provided twice a week for 3 weeks with electrodes place on the submental region, 

stimulating the digastric and mylohyoid muscles, and above the thyroid cartilage, 

stimulating the thyrohyoid muscle.  Prior to treatment all patients presented with a score 

of 2 on the Dysphagia Severity Scale and the Pen-Asp, which represents mild dysphagia.  

Results of the study showed a significant change on both scales, with the majority of 

patients (59%) improving to a normal swallow with decreased aspiration on both thin and 

thick consistencies.  Six patients also saw a significant decrease in the amount of saliva 

pooling in the pyriform sinuses.  While the results of this study suggest that electrical 

stimulation may be beneficial to patients with MS, there is no mention of long term 

effects of the treatment which leads to uncertainty about maintained improvement.   

In a similar study Baijens, Speyer, and Pilz (2011) investigated the use of 

electrical stimulation with the Parkinson’s population.  Patients were randomly assigned 

to three groups—traditional treatment, sensory level electrical stimulation, and motor 

level electrical stimulation—and received treatment daily for 15 days.  Electrodes were 

placed to stimulate the suprahyoid muscles.  Using both VFSS and fiberoptic endoscopic 

evaluation of swallowing (FEES) the authors found few significant effects.  While none 

of the patients experienced deterioration immediately following treatment, no follow-up 

data was provided.  Like the individuals with MS, these patients may have experienced a 

decline in swallowing ability due to fatigue caused by overuse and the inability to regain 

strength lost.  Further research is needed that compares the rate of decline seen in patients 

that did and did not receive electrical stimulation to see if this technique can extend the 

length of time that these individuals experience functional swallowing.  Follow-up should 

also be conducted to not only see how long the benefits of electrical stimulation last, but 

also to determine if patients that received electrical stimulation decline faster than those 

patients that did not receive treatment.  
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SEVERITY  

Freed et al. (2001) noted that electrical stimulation would benefit patients with 

even severe dysphagia characterized by aspiration on their own saliva.  Various studies 

have been conducted to determine if this observation is correct (Blumenfled et al., 2006; 

Leelamanit et al., 2002; Ludlow et al., 2007; Permsirivanich et al., 2009; Shaw et al., 

2007).  While all the studies have shown positive results, three of the studies-- 

Blumenfled et al., 2006; Leelamanit et al., 2002; Permsirivanich et al., 2009—used 

patients who had dysphagia for less than 6 months and may have experienced 

spontaneous recovery.  Ludlow et al. (2007) investigated the use of electrical stimulation 

on patients with chronic dysphagia at the motor stimulation level at rest and during 

swallowing, as well as at the sensory stimulation level during swallowing.  While the 

results at rest showed a downward movement of the hyoid bone, which suggests an 

increased risk of aspiration, patients did not demonstrate this during sensory level or 

motor level stimulation paired with swallowing.  Patients treated with sensory level 

stimulation did not improve on their Pen-Asp scores, but showed improvement on the 

NIH Swallowing Safety Scale (NIH-SSS) which captured more of the abnormalities seen 

in the patients’ swallow (i.e. pooling and lack of esophageal entry with and without 

penetration and aspiration).  The results suggest that sensory level stimulation may be 

somewhat helpful in those patients with reduced ability to clear the bolus from the 

airway.  Patients treated with motor level stimulation showed no group change on either 

scale, suggesting that motor level stimulation may not improve or worsen swallowing 

abilities.  While there was no group change, patients with some ability to volitionally 

elevate their hyoid and that experienced the greatest hyoid depression at-rest showed the 

most improvement following motor level stimulation.  This finding led the authors to 

suggest that for patients that have some volitional swallowing abilities, the downward 

movement of the hyoid bone caused by electrical stimulation acts as resistance which 

improves hyoid elevation and swallow safety.  

Shaw et al. (2007) showed similar results in a retrospective analysis on the use of 

VitalStim protocol.  Patients with various severity levels were included and separated 
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into 4 groups: (1)Mild—near normal swallow, (2)Moderate—needing compensation, 

(3)Severe—feeding tubes and minimal oral intake, and (4)Profound—feeding tube only.  

There was no mention of time post-onset that electrical stimulation treatment occurred.  

While 50% of patients showed improvement, the patients categorized as severe showed 

the most impressive improvement.  Of the seven patients in this group, six were able to 

discontinue enteral feedings and two returned to “normal.”  Patients in the profound 

group, in contrast, showed very little improvement and none were able to become 

independent of the enteral feedings.  The only difference between the groups was that the 

severe patients had some oral intake, meaning they had some ability to elevate their 

hyolarygneal complex, while the patients with profound dysphagia did not have this 

ability.  These results further emphasize the principle that electrical stimulation needs 

innervated muscle to increase strength.  The patients in the profound group had no 

muscle innervation—leading to the inability to volitionally elevate their hyolaryngeal 

complex—so electrical stimulation did not have an effect, while the patients in the severe 

group did have muscle innervation and were able to benefit from treatment.  Follow-up 

telephone surveys also were conducted to see if patients perceived improvement 

immediately following treatment and if those improvements were maintained.  Of the 11 

patients that were reached, seven expressed feelings of improvement in their swallowing 

at the end of therapy.  Of those seven patients, six stated that they felt their improvement 

was maintained. 

 Freed et al. (2001) suggested that electrical stimulation should be used with 

patients that did not see benefit from traditional treatment, however it is important to see 

if patients with mild-moderate dysphagia could also be candidates.  Only 50% of patients 

in groups 1 and 2 saw improvement in the Shaw et al. (2007) retrospective analysis.  

Kiger et al. (2006) and Xia et al. (2011) conducted studies involving patients with 

moderate-to-severe dysphagia and treatment consisting of electrical stimulation with the 

addition of traditional treatment.  While both studies reported that patients exhibited no-

mild dysphagia following treatment, spontaneous recovery was possible because patients 

were 8-30 days post-onset.  Gallas et al. (2010) investigated the use of sensory level 
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stimulation on the submental region in patients with chronic moderate dysphagia.  All 

patients showed alterations in the oral and pharyngeal stage and treatment consisted of 

swallowing during the electrical stimulation.  Following treatment, patients saw 

improvement in swallowing coordination, a decrease in swallow response time, and a 

significant decrease in the amount of residue and aspiration.  Patients also had decreased 

scores on the Deglutition Handicap Index, which is associated with a decrease in 

swallowing impairment and nutritional and respiratory consequences.  Verin et al. (2011) 

showed similar results using sensory level stimulation of the submental region with 

patients with mild-to-moderate dysphagia at home.  Patients were taught how to use the 

electrical stimulation unit and then told to use it for 30 minutes during meals for 6 weeks.  

Prior to treatment patients showed alterations in the oral and pharyngeal phases, 

including increased pharyngeal transit time and swallow response time, pharyngeal stasis, 

and aspiration on liquids.  Results of the study showed significantly improved 

swallowing coordination when the electrical stimulation was applied as well as a decrease 

in the swallow response time and the presence of aspiration on liquids.  Patients also had 

improvement on their SWAL-QoL scales, indicating less burden, fatigue, and pharyngeal 

symptoms.   

 The overall findings with regards to population suggest that electrical stimulation 

treatment can improve swallowing abilities in individuals with various etiologies, but the 

improvements may be more limited depending on the severity level.  Improvements were 

seen in patients with dysphagia due to an event in the acute and chronic stages, head and 

neck cancer, and neurodegenerative diseases.  With regards to severity, individuals with 

mild to severe dysphagia benefited from treatment but those with severe dysphagia 

showed the most gains as long as they had some volitional hyoid elevation.  The 

differences in improvement based on severity level could be an effect of variations in 

dysphagia symptoms (i.e. oral versus pharyngeal stage deficits) or in response to 

treatment (i.e. the amount of downward movement of the hyolaryngeal complex caused 

by electrical stimulation).   Though individuals with mild or moderate dysphagia did not 
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experience the same degree of benefit as those with severe dysphagia, improvements 

were noted suggesting that electrical stimulation could be a viable treatment option.  
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Chapter 6: Treatment 

ELECTRICAL STIMULATION PLUS TRADITIONAL TREATMENT 

Since VitalStim is the most widely-used commercially-manufactured electrical 

stimulation device, most speech-language pathologists using this treatment have attended 

training provided by this company (Chattanooga Group, Hixson, TN).  The VitalStim 

protocol states that electrical stimulation should be combined with volitional exercises 

which include oral motor exercises (OMEs) and laryngeal elevation exercises (LEs), such 

as effortful swallows, the Mendelsohn maneuver, and the Masako technique (Wijting & 

Freed, 2003).  The increased cost of VitalStim certification and equipment makes it 

important to determine if this treatment is not only effective in improving swallowing 

abilities but also if it is more effective than traditional treatment alone. 

 Ouyoung et al. (2011) showed the benefits of treatment consisting of electrical 

stimulation and traditional treatment in 14 patients with base of tongue cancer.  Patients 

were seen either during CRTor six months post-CRT.  Treatment for both groups 

consisted of electrical stimulation to suprahyoid region and traditional oral motor and 

laryngeal elevation exercises for 1 hour a day, 2 times per week for 8-12 weeks. The 

average FOIS score prior to treatment was 1.7, which represents a severe dysphagia 

diagnosis.  For patients seen during CRT the average post-treatment FOIS score was 

6.11, which represents a mild dysphagia and was a statistically significant change.  While 

patients seen six months post-CRT also showed a statistically significant gain, the 

average gain was only 3 points on the FOIS.  This less substantial change could be due to 

muscle fibrosis typically seen following CRT (Lin et al., 2011).  During follow-up 

sessions, maintenance was observed for both groups suggesting that this treatment 

technique has long-term benefits (Ouyoung et al., 2011).  While the results of this study 

show that electrical stimulation with the addition of traditional treatment was effective in 

improving swallowing abilities, a control group receiving only traditional treatment was 

not included.  The absence of a control group makes it unclear if the improvements seen 
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from the treatment provided are better than improvements from traditional treatment 

alone. 

Ryu et al. (2009) investigated the use of electrical stimulation with additional 

traditional treatments with patients experiencing dysphagia as a result of surgery and/or 

radiation for head/neck cancer. Patients were randomly assigned to either an experimental 

or a control group.  While patients in the experimental group received both electrical 

stimulation and traditional treatment, the protocol was different than that outlined by 

VitalStim (Chattanooga Group, Hixson, TN).  Patients in the experimental group received 

30 minutes of electrical stimulation followed by 30 minutes of traditional treatment, 

which consisted of OMEs, LEs, compensatory strategies, thermal-tactile stimulation, and 

diet-texture modification.  The control group received 30 minutes of sham stimulation 

followed by 30 minutes of traditional treatment consisting of the same elements as the 

experimental group.  Information regarding which traditional treatments each patient 

received was not provided.  Treatment was provided five times per week for two weeks 

and results were measured using the FDS, CDS, ASHA-NOMS, and M.D. Anderson.  

While the patients in the experimental group showed greater improvement on all scales 

following treatment, a statistically significant difference was only seen on the FDS.  The 

authors suggested that electrical stimulation plus traditional treatment is more effective 

than traditional treatment alone, even though this conclusion does not seem appropriate 

given the limited support from the results of the study. 

Permsirivanich et al. (2009) also investigated the additional benefits of electrical 

stimulation with patients experiencing severe dysphagia as a result of stroke.  Patients 

had similar dysphagia characteristics and were randomly assigned into the experimental 

group, which consisted of electrical stimulation plus traditional treatment (OMEs and diet 

modification) or the control group, which consisted of traditional treatment alone (OMEs, 

LEs, diet modification, tactile-thermal stimulation, and positioning changes).  Pre-

treatment FOIS scores were similar for the groups, with the experimental group average 

score at 2.2 and the control group average score at 2.4 which represented severe 

dysphagia. Patients received 60 minutes of treatment for five consecutive days with two 
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days off for 4 weeks.  Both groups showed improvement following treatment, but the 

experimental group showed statistically greater results with an average increase of 3.17 

points and an average severity of mild-to-moderate while the control group had an 

average increase of 2.46 and an average severity of moderate dysphagia.  Though the 

results of this study appear promising for the additional benefits of using electrical 

stimulation, the participants of the study were an average of 24 days post-onset which 

means the improvement seen could be due to spontaneous recovery.   

Xia et al. (2011) conducted a similar study which explored not only the difference 

between traditional treatment with or without the addition of electrical stimulation, but 

also the effects of electrical stimulation alone.   Patients were randomly assigned to three 

groups—traditional treatment alone, electrical stimulation alone, and electrical 

stimulation plus traditional treatment—with no group differences in age, gender, cause of 

dysphagia, duration of dysphagia (8-9 days post-onset), and severity of dysphagia 

(moderate-to-severe).  Multiple outcome measures were used including a SSA, a DOSS 

score obtained using VFSS, sEMG of the hyoid bone muscles, and the SWAL-QoL.  

Patients received treatment twice a day for 30 minutes, 5 days per week for 4 weeks and 

all showed significant improvement on all measures following treatment.  Along with 

pre- and post-treatment analysis for each group, the authors conducted a between-group 

analysis.  This analysis revealed that patients in the electrical stimulation plus traditional 

treatment group did significantly better—with the average post-swallowing ability within 

functional limits—than  patients in the other groups—with the average post-swallowing 

ability at mild dysphagia.  While the patients in this study were within the 6 month 

recovery period, the results were comparable to previous studies suggesting that the 

addition of electrical stimulation to traditional treatment may improve swallowing 

abilities more rapidly in the acute setting than either treatment alone. 

Kiger et al. (2006) found contradictory results in a retrospective study comparing 

VitalStim treatment to traditional treatment in patients within the 6 month recovery 

period.  Twenty-two charts were reviewed of patients that received either the 

experimental treatment—which consisted of electrical stimulation with electrodes placed 
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in a vertical line over the thyroid notch in combination with traditional treatment—or the 

control treatment—which involved a combination of OMEs, LEs, compensatory 

strategies, and thermal stimulation using deep pharyngeal neuromuscular stimulation 

(DPNS).  Separate swallow severity scores were established for the oral and pharyngeal 

phases using a 7-point scale developed by the authors and VFSS or FEES imaging.  

While initial pharyngeal scores were comparable for both groups (experimental: 3.6, 

control: 3.1), the control group presented with slightly more severe oral dysphagia (4.5) 

than the experimental group (5.1).  Patients received various amounts of treatment with 

the experimental group generally having longer sessions and treatment times.  Final 

swallow severity scores revealed that patients in both groups improved but that the 

patients in the control group showed greater improvement in both the oral and pharyngeal 

stage, though there was not a statistically significant difference.  Patients in both groups 

also advanced in their diets with no statistically significant difference in the type of 

consistency or the length of time to change from “nothing by mouth” (NPO) to oral 

intake.  The authors suggest that the additional costs of electrical stimulation—therapist 

certification, equipment purchase, ongoing electrode supply—may not be worth it 

because patients saw better results with traditional treatment alone.  Baijens et al. (2011) 

showed comparable results in a study, which was presented as a poster at the Dysphagia 

Research Society Conference, that investigated the effect of traditional treatment versus 

electrical stimulation plus traditional treatment at the motor level and sensory level with 

109 PD patients.  Patients were randomly assigned to groups and received treatment that 

consisted of diverse maneuvers and OMEs with or without electrical stimulation at the 

motor or sensory level for 3 weeks.  Results of the study showed few significant effects 

on VFSS or FEES variables, without a consistent pattern.  While studies presented 

differing outcomes, the majority reported greater improvements when electrical 

stimulation was used with traditional treatments than when traditional treatments were 

used alone which suggests that electrical stimulation may provide additional benefits. 
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ELECTRICAL STIMULATION ALONE 

Within the dysphagia population there are patients that are unable to participate in 

traditional rehabilitation treatment, which increases the likelihood of persisting problems.  

Electrical stimulation may be a viable option if it could be used alone but the manner of 

motor recruitment by electrical stimulation has caused controversy.  Electrical 

stimulation recruits motor units in the reverse order of volitional exercises which goes 

against the motor learning principle and could affect the carry over to functional gains 

(Suiter et al., 2006).  Researchers demonstrated the lack of carry over by examining the 

sEMG of the submental muscles in healthy individuals. Participants were assigned to the 

AB or BA design with A being two weeks without treatment and B being two weeks with 

treatment.  Treatment consisted of 1 hour of electrical stimulation to the submental region 

for 10 days with no additional exercises.  Participants were asked to do three swallows of 

5mL of water at baseline, the end of condition A, and the end of condition B with the 

peak maximum amplitude taken for each swallow.  Results of the study revealed no 

significant difference in the mean sEMG amplitude between any conditions.  Participants 

saw no increase in strength following 10 sessions of electrical stimulation, which is 

slightly less than 13-15 sessions specified by VitalStim protocol (Wijting & Freed, 2003).  

While the authors recommended that combining electrical stimulation with volitional 

exercises for the most effective treatment, they also suggested that gains may not have 

been seen due to the participants being healthy individuals and that studies including 

patients with dysphagia should be conducted.   

Blumenfeld, Hahn, Lepage, Leonard, and Belafsky (2006) explored the use of 

electrical stimulation alone in patients with dysphagia in a retrospective study comparing 

this technique to traditional treatment.  The authors reviewed the charts of 80 patients—

40 consecutive patients receiving electrical stimulation and 40 consecutive patients 

receiving traditional treatment.  Patients in the experimental group received 30 minutes of 

continuous electrical stimulation with electrodes placed horizontally just above the 

thyroid notch.  Those in the traditional treatment group received 30 minutes of daily 

treatment that consisted of exercises, compensatory strategies, and diet/texture 
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modifications.  A target consistency of regular or mechanical-soft was determined prior 

to treatment and treatment was discontinued when target was achieved or the patient 

plateaued.  Swallow severity scores were based on the scale created by Freed et al. (2001) 

and were obtained using VFSS and FEES.  Initial swallow severity scores for patients in 

both groups were consistent with profound dysphagia.  Following treatment patients in 

the electrical stimulation group had a significantly greater improvement with a swallow 

severity score of mild-to-moderate dysphagia, while patients in the traditional treatment 

group still had substantial dysphagia.  Results of the retrospective study also revealed that 

the electrical stimulation group required fewer sessions and there was a trend towards a 

shorter length of hospitalization.  Xia et al. (2011) showed comparable results for this 

treatment technique with patients in the electrical stimulation alone group improving their 

swallowing ability from moderate-to-severe dysphagia to mild dysphagia.  While the 

positive effects seen could have been due to spontaneous recovery, the findings suggest 

that patients may experience faster recovery when electrical stimulation is used. 

ELECTRICAL STIMULATION PLUS SWALLOWING 

 The combination of electrical stimulation and swallowing could also be a viable 

treatment option for patients unable to comply with many of the traditional treatment 

practices.  Promising results have been shown for this type of treatment—both at the 

motor (Leelamanit et al., 2002) and sensory levels (Gallas et al., 2010)—but patients had 

to synchronize their swallow with the electrical stimulation which may be difficult for 

certain patients.  Park et al. (2009a) showed positive results with healthy individuals 

when motor level stimulation was combined with effortful swallowing.  Participants were 

asked to swallow 2mL of water every 10 seconds during stimulation and received 

treatment for 20 minutes per weekday for 2 weeks.  Following treatment participants 

showed significantly increased hyoid elevation and non-significantly increased sEMG 

levels of the submental muscles, but these effects had faded after two weeks of no 

treatment.  The results suggest electrical stimulation plus swallowing can increase muscle 

strength in healthy individuals, but this increase may not be maintained.  Because the 

healthy individuals had normal swallowing abilities before treatment, the increase in 
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muscle strength was not necessary so the effects faded.  Since patients with dysphagia 

need the increased muscle strength to improve their swallowing abilities, it is important 

to determine if electrical stimulation plus swallowing can produce this increase as well as 

if the benefits of this treatment are maintained. 

Lin et al. (2011) compared the effects of electrical stimulation with the addition of 

continuous swallowing to a home rehabilitation program on patients with dysphagia due 

to head/neck cancer.  Patients were assigned by the method of sex-stratified 

randomization and then matched by DOSS score within one unit in order to compare 

groups by same sex and similar DOSS.  Patients ranged in severity from mild to severe, 

with an average dysphagia severity of mild-to-moderate.  Several measures were used 

including the M.D. Anderson, the Pen-Asp, and a VFSS to see temporal measures (oral 

transit time [OTT], pharyngeal transit time [PTT], and pharyngeal delay time [PDT]), 

anterior and superior displacement of the hyoid bone, velocity of the hyoid movement, 

duration of hyoid displacement, and stasis.  Patients in the stimulation group received 15 

sessions of 60 minutes, 1-3 times per week and were asked to swallow continuously 

during stimulation.  Patients in the home rehabilitation program were given strengthening 

exercises to do on their own twice a day and were called every 2 weeks for 

encouragement.  A significant improvement on M.D. Anderson scores and the amount of 

stasis in the pyriform sinuses was seen for the electrical stimulation group, while patients 

in the home rehabilitation program had significantly increased superior hyoid movement 

for paste and duration of hyoid displacement for liquids.  When the group results were 

compared, patients in the electrical stimulation group had significantly better 

improvement on the Pen-Asp and velocity of hyoid movement for thin liquids.  Even 

though improvement was not seen on all parameters, the authors suggested that electrical 

stimulation with the addition of swallowing is a feasible treatment option—at least for 

this population—because the of the better moving hyoid bone, decreased stasis, and 

better quality of life.   

 Park et al. (2009b) showed comparable results in a study that compared the effects 

of motor level electrical stimulation to sensory level electrical stimulation, both with the 
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addition of swallowing on post-stroke dysphagic patients.  The electrodes were placed 

above the infrahyoid muscle with the current set so muscle contraction occurred in the 

motor group and just below that level for the sensory group.  Patients were asked to 

produce effortful swallows when the stimulation began and received a total of 12 sessions 

of 20 minutes of training over 4 weeks.  Outcome measures were biomechanical 

excursion of the hyoid bone and larynx and maximum UES opening.  Following 

treatment patients in the motor level group showed a significant increase in the maximum 

vertical displacement of the hyoid bone and the maximum anterior displacement of the 

larynx, while no change was seen in patients in the sensory level group. Unlike patients 

in the Lin et al. (2011) study, patients in this study did have improved hyolaryngeal 

displacement that could be due to differences in etiology and the fibrosis that can occur 

following chemoradiation therapy.  Ludlow et al. (2007) and Shaw et al. (2007) also 

showed that motor level electrical stimulation with the addition of swallowing can 

increase hyolaryngeal elevation in post-stroke dysphagia, but only in patients with severe 

dysphagia and some volitional hyolaryngeal elevation.  Ludlow et al. (2007) found that 

patients who were able to volitionally elevate the hyolaryngeal complex and had the 

greatest electrical stimulation-induced hyoid depression at rest had the most improvement 

on the Pen-Asp, while patients unable to volitionally elevate the hyolaryngeal complex 

had increased risk for aspiration during stimulation.  Along with results that coincided 

with the findings of Ludlow et al. (2007), Shaw et al. (2007) also showed that patients 

with mild or moderate dysphagia did not experience the amount of improvement as those 

patients with severe dysphagia.    

Improved swallowing abilities also were seen in MS patients with mild dysphagia 

when electrical stimulation—with electrodes placed under the chin and between the 

hyoid bone and thyroid cartilage—was combined with hard swallows, liquid swallows, 

and puree swallows (Bogaardt et al., 2009).  Following treatment, which occurred twice a 

week for 20 minutes for 3 weeks, a statistically significant improvement was seen on the 

Dysphagia Severity Scale, the Pen-Asp for liquids, and the amount of saliva pooling in 

the pyriform sinuses.  Patients also had a statistically significant improvement on a 
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quality of life questionnaire developed by the authors with the majority of participants 

giving the treatment positive reviews.   

While the previous studies showed positive results with motor level electrical 

stimulation, swallowing abilities have also been improved with sensory level stimulation 

which targets the afferent pathways.  Patients in the Ludlow et al. (2007) study did not 

improve on the Pen-Asp, but had improved NIH-SSS scores following sensory level 

stimulation which suggests that this technique may be helpful for patients with reduced 

ability to clear the bolus from the airway.  Verin et al. (2011) also showed improvement 

with sensory level stimulation in a study that investigated the effects of stimulation to the 

submental region during meals at home.  Twelve patients with chronic dysphagia caused 

by various etiologies were included in this study.  Patients and home-care nurses were 

taught how to use the device before bringing it home and were instructed to wear it for 30 

minutes during meals for 6 weeks.  Prior to treatment all patients demonstrated with 

alterations in the oral stage, increased PTT, decreased swallow response time (SRT), 

aspiration on liquids, stasis, and poor SWAL-QoL scores.  Post-treatment measures 

showed increased swallow coordination when the electrical stimulation device was on as 

well as decreased SRT for liquid and paste boluses.  Patients also had a significant 

decrease in aspiration and improved SWAL-QoL scores, especially on the burden scale, 

fatigue scale, and pharyngeal symptom scale.  No change was seen in the amount of 

stasis or the temporal measures of OTT, PTT, or laryngeal closure duration (LCD).   

Many researchers have recommended electrical stimulation plus swallowing as a 

possible treatment even though improvement was not seen on all measures (Lin et al., 

2011; Ludlow et al., 2007; Verin et al., 2011).  Contrary to these recommendations 

Bulow, Speyer, Baijens, Woisard, Ekberg (2008) suggest that the use of this technique 

may be detrimental to the health of patients following the results of their study.  Twenty-

five post-stroke patients with dysphagia ranging from mild to moderate were randomly 

assigned to two groups of electrical stimulation plus effortful swallowing—with 

electrodes placed on each side of midline, just at or above the thyroid notch over the 

thyrohyoid muscle—or traditional treatment—which consisted of diet modification, 
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maneuvers, and specific exercises.  Patients received treatment for 1 hour, 5 times per 

week for three weeks with patients in the traditional treatment group being told to do 

exercises at home when they were not able to participate in the full hour.  Outcome 

measures included actual nutrition (amount and type of oral intake), oral motor status, a 

visual analog scale (VAS) of the patient’s subjective self-evaluation of complaints, and a 

VFSS to determine the dissociation between the oral and pharyngeal phases, misdirected 

swallows, retention in throat, and UES width.  Final results of the VAS and VFSS were 

compared for all patients.  Following treatment a statistically significant effect was seen 

on the VAS, actual nutrition, and oral motor function of the entire group but not between 

groups, meaning that the treatments were equally effective for these variables.  No 

statistically significant change was seen on VFSS parameters; however, that did not 

correlate with the patients’ subjective experience of improvement.  The dissociation seen 

may be due to an increased awareness of how to eat and drink by patients without real 

improvement in swallowing abilities.  This could be harmful to patients who feel that 

they have improved and do not follow dietary modifications which could lead to 

increased aspiration and related illnesses. Though the cautionary message presented by 

Bulow et al. (2008) needs to be considered, the results of other studies that investigated 

electrical stimulation plus swallowing—especially those that used motor level 

stimulation—suggest that this treatment technique can lead to improved swallowing. 

The overall results suggest that electrical stimulation treatment is effective when 

used alone, in combination with swallowing, or in combination with traditional 

treatments.  Of particular importance are the findings with regards to the use of electrical 

stimulation alone or in combination with swallowing because of the high co-occurrence 

of dysphagia and cognitive deficits (i.e. following a stroke of TBI).  These findings 

suggest that even if the patient cannot actively participate in treatment by performing 

additional exercises, electrical stimulation treatment can still produce improved 

swallowing abilities.  As the patient recovers and is able to follow directions, traditional 

treatments (i.e. OMEs, LEs, and tactile stimulation) can be combined with the electrical 

stimulation to provide the most beneficial treatment. 
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Chapter 7: Study Strength and Methodological Limitations 

Since the majority of studies presented in the previous chapters reported 

improvement in swallowing ability following treatment with electrical stimulation, it 

could be suggested that this technique is an efficacious treatment for dysphagia.  

However the methodology of the presented studies must be examined before this 

conclusion can be confirmed.  The following chapter will review the overall strength of 

the studies—or the level of evidence—as well as methodological limitations in study 

design and outcome measures that could affect the applicability of the findings.    

LEVEL OF EVIDENCE 

 Level of evidence refers to a ranking system that rates studies based on the 

research design employed (Gillam & Gillam, 2006).  This allows clinicians to determine 

the quality of a study and only use the findings of the highest-ranked studies when 

making decisions about which interventions to implement.  The rating system presented 

by Gillam and Gillam (2006)—which was adopted from the Oxford Centre for Evidence-

Based Medicine (2001)—has become widely used within the field on speech-language 

pathology.  It includes five levels of evidence which are represented in Table 3. A review 

of the studies presented in this report revealed 11 Level I studies, 2 Level II studies, and 9 

Level III studies.  No Level IV or Level V studies were included in this report due to the 

initial criteria of at least 10 participants included in the study.  All of the studies 

represented in Level I were randomized controlled trials, meaning that participants were 

randomly assigned into either the experimental or control groups.  The two studies at 

Level II were nonrandomized retrospective studies.  The studies at Level III were 

multiple cases in which all the participants received the same treatment with no 

comparisons to a control group.  Overall the level of evidence presented in this report is 

moderate-to-high, which suggests that the findings can help in the clinical decision-

making process. 
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Table 3. 

Levels of Evidence 

Level Description  

I Randomized controlled trials 

(RCT) & Systematic review (SR) 

 

II Nonrandomized studies, multiple-

baseline designs, and SRs 

 

III Studies of multiple cases who 

receive the same treatment 

 

IV Single case studies  

V Expert opinion  

                                                                                           (Gillam & Gillam, 2006) 

METHODOLOGICAL LIMITATIONS 

Although the studies had an overall moderate-to-high level of evidence, further 

scrutiny revealed several methodological limitations.  Study design limitations were 

found regarding participant selection and treatment specifics.  Limitations regarding the 

outcome measures also were found and included the use of subjective measures, the 

description of results, and the use of follow-up measures.  These limitations could 

influence the strength of the studies and, in turn, affect the applicability of the findings to 

clinical decision-making. 

 A major limitation with regards to participant selection was the use of healthy 

individuals.  Since these individuals were not impaired, the effects of electrical 

stimulation treatment may not have been the same as with the dysphagia population.  

This can be illustrated in a comparison of Humbert et al. (2006) and Ludlow et al. (2007).  

Both studies investigated the influence of electrical stimulation on the hyolaryngeal 

complex at rest (without swallowing) and during swallowing with participants in 

Humbert et al. (2006) being healthy individuals and Ludlow et al. (2007) using patients 

with chronic dysphagia.  While both studies reported that electrical stimulation causes 

downward movement of the hyolaryngeal complex at rest, differences were seen in the 

effect of electrical stimulation during swallowing.  Humbert et al. (2006) showed reduced 

hyolaryngeal elevation and increased risk for aspiration, while Ludlow et al. (2007) 

reported improved swallowing and either no change or decreased risk of aspiration.  The 
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difference between healthy and impaired individuals can also be seen with studies that 

used sEMG amplitude of the muscles.  Park et al. (2009a) and Suiter et al. (2006) showed 

no to little change in sEMG amplitude of the submental muscles following electrical 

stimulation in healthy individuals, while Xia et al. (2011) found significantly increased 

sEMG amplitude in patients with acute dysphagia.  These differences seen in treatment 

effects are most likely because the healthy individuals did not need the additional muscle 

strength, while the increased muscle strength was necessary for patients with dysphagia 

to swallow safely.  Since studies that used participants with dysphagia reported increases 

in muscle strength and hyolaryngeal elevation, it appears that electrical stimulation 

treatment does improve swallow safety. 

Further analysis of the studies that used patients with dysphagia revealed another 

limitation in participant selection.  This limitation was that the majority of studies 

investigating the effects of electrical stimulation on patients with dysphagia due to an 

event (i.e. stroke, TBI, etc.) used participants that were within the 6 month post-onset 

time frame.  During the first 6 months post-onset patients can experience spontaneous 

recovery, which refers to the reemergence of abilities that were lost as a result of injury 

because the brain is recovering. While this period of spontaneous recovery makes it 

unclear if the improvements experienced by participants were due to the treatment or 

spontaneous recovery, it is important to see if electrical stimulation may lead to faster 

improvements.  Blumenfeld et al. (2006) showed that patients receiving electrical 

stimulation had significantly greater improvement than patients receiving traditional 

treatments, as well as needed fewer sessions and showed a trend of shorter 

hospitalization.  Permsirivanich et al. (2009) and Xia et al. (2011) showed similar results, 

with patients receiving electrical stimulation experiencing greater improvements than 

those receiving traditional treatments.  While these studies suggest that electrical 

stimulation may lead to faster or greater improvements for patients in the acute recovery 

phase, two studies (Bulow et al., 2008; Kiger et al., 2006) showed that electrical 

stimulation treatment was no more effective than traditional treatments though these two 

studies had additional participant flaws that could have contributed to these findings.  The 
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participants in the electrical stimulation group were generally more severe in the Bulow 

et al. (2008) study, while those in the Kiger et al. (2006) study were typically longer post-

onset than patients in the control group.  Because these additional study design flaws 

make the results of Bulow et al. (2008) and Kiger et al. (2006) questionable, it appears 

that treatment including electrical stimulation produces greater and faster improvements 

in the acute setting.    

Analysis of the studies that used participants who were at least 6 months post-

onset—where spontaneous recovery would not have been a factor—revealed that 

electrical stimulation treatment is also beneficial for patients in this population.  Ludlow 

et al. (2007) showed that patients that experienced the greatest depression of the 

hyolaryngeal complex during electrical stimulation showed significant improvement in 

swallowing abilities, as long as they had some volitional ability to raise the hyolaryngeal 

complex prior to treatment.  Gallas et al. (2010) and Verin et al. (2011) both showed 

improved swallowing coordination, swallow response time, decreased aspiration, and 

improved quality of life for patients with mild to severe dysphagia after sensory level 

electrical stimulation plus swallowing.  Though the participants in Gallas et al. (2010) 

and Verin et al. (2011) were volunteers—which could indicate that patients had greater 

motivation to improve—the findings of these studies suggest that electrical stimulation at 

both the motor and sensory levels could improve swallowing in patients with chronic 

dysphagia.   

 Many of the treatment design limitations were due to lack of knowledge regarding 

the use of electrical stimulation. One area in which there is a lack of information is the 

most effective level of electrical stimulation (i.e. motor level stimulation, sensory level 

stimulation, Hertz level, wave width, intensity level).  Though VitalStim protocol is 

motor level stimulation at 80 Hz with a wave width of 700µs, many studies used a 

different stimulation protocol and still showed positive results (Witjing & Freed, 2003).  

Session and treatment lengths were also different between studies.  VitalStim protocol 

recommends at least 12 sessions, but some studies showed improvement following 5-6 

sessions while other studies showed improvements following 30 sessions and others 
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showed no improvement after 15 sessions (Baijens et al., 2011; Bogaardt et al., 2009; 

Gallas et al. 2010; Leelamanit et al., 2002; Witjing & Freed, 2003).   

Inadequate description of traditional treatment methods was also noted.  Most 

studies stated that traditional treatments were used with the control group or in 

combination with electrical stimulation for the experimental group; however, there was 

no description of the specific traditional treatments employed.  This lack of description 

not only affects the replicability of a study, but could also suggest bias towards a specific 

treatment outcome.  With the increasing popularity of electrical stimulation for dysphagia 

treatment, further research is needed to establish a protocol—with regards to stimulation 

level, session/treatment length, and treatment combinations—that would produce the 

greatest improvements for the largest variety of individuals.   

 The major limitation regarding outcome measures was the use of subjective 

measures.  Subjective measures refer to outcomes that are based on the judgments of the 

examiners or participants and are usually based on rating scales and interviews.  With 

regards to dysphagia, subjective measures include rating scales that are based on the 

examiner’s interpretation of a VFSS (i.e. DOSS, FIOS, etc.), diet advancement, and 

patient questionnaires.  Seven of the twenty-two studies reviewed in this report 

(Blumenfeld et al., 2006; Bogaardt et al., 2009; Kiger et al., 2006; Ouyoung et al., 2011; 

Permsirivanich et al., 2009; Ryu et al., 2009; Shaw et al., 2007) used only subjective 

outcome measures which could affect the strength of their findings. This is particularly 

true regarding the use of patient questionnaires since Bulow et al. (2008) showed that 

patient beliefs of improvement did not match physiologic change.  The remainder of the 

studies reviewed used at least one objective measure, which refers to an outcome that is 

based on something measureable such as millimeter change in hyoid excursion or 

swallow response time.  An analysis of these studies revealed mixed results with the 

majority of studies showing improvements with regards to increased hyoid excursion 

(Ludlow et al., 2007; Park et al. 2009a; Park et al., 2009b), improved SRT, swallow 

coordination, or penetration and aspiration (Gallas et al., 2010; Leelamanit et al., 2002; 

Verin et al., 2011), and increased sEMG activity of the hyoid muscles (Xia et al., 2011), 
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while some studies showed no change in objective measures (Baijens et al., 2011; Bulow 

et al., 2008).  The mainly positive results of the objective measures coincide with the 

majority of studies that used subjective measures and suggest that electrical stimulation 

treatment improves swallowing by causing physiological changes, as opposed to just 

assumed improvements by examiners and patients.  The agreement between the objective 

and subjective measures increases the credibility of the subjective measures, which is 

important because these are typically used in the clinical setting. 

 Another limitation with regards to the outcome measures was in the description of 

the results.  Many studies that used participants with varied etiologies or severity levels, 

reported the results as a whole as opposed to breaking them down by participant severity 

or etiology.  All of these studies reported overall improvement in swallowing abilities, 

but the lack of result description with regards to severity or etiology leads to uncertainty 

about who improved and, in turn, who would be an appropriate candidate for electrical 

stimulation treatment.  While the use of these study results to make clinical decisions is 

not advised, other studies provide more information regarding which individuals would 

receive benefit from this treatment.  Leelamanit et al. (2002) and Shaw et al. (2007) 

included participants with varied severity levels and etiologies, but presented the results 

in a way that allowed for interpretation by category.  Results from both studies indicate 

that severity may affect treatment outcomes more than etiology, with patients with severe 

dysphagia—and some volitional hyoid elevation—experiencing greater improvements 

than those with mild or moderate dysphagia regardless of etiology.  While these findings 

suggest that individuals with mild to moderate dysphagia may not be candidates for 

electrical stimulation, other studies have shown significant improvement in this 

population (Bogaardt et al., 2009; Verin et al., 2011).  Results from studies that 

investigated the use of electrical stimulation with a specific etiology revealed that patients 

with dysphagia due to stroke (Gallas et al., 2010; Park et al., 2009b; Permsirivanich et al., 

2009; Xia et al., 2011), head and neck cancer (Lin et al., 2011; Ouyoung et al., 2011; 

Peng et al., 2008; Ryu et al., 2009), and multiple sclerosis (Bogaardt et al., 2009) 

benefited from treatment, while patients with Parkinson’s disease did not see 
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improvement (Baijens et al., 2011).  Overall these findings suggest that electrical 

stimulation may be effective for all severity levels, though individuals with severe 

dysphagia and some volitional hyoid movement may see the most improvement.   The 

overall findings also indicate that electrical stimulation produces improved swallowing in 

the majority of etiologies that cause dysphagia.   Future research should focus on 

investigating the effects of electrical stimulation with specific etiologies and severity 

levels to determine who would be the most appropriate candidates. 

Along with determining which patients would see benefit from electrical 

stimulation immediately following treatment, maintenance of improvements is also 

important to consider.  Lack of maintenance information was a major limitation of the 

studies reviewed.  Of the twenty-two studies included, only two studies provided 

information on follow-up measures.  Shaw et al. (2007) obtained follow-up information 

by conducting telephone surveys with 11 out of the 18 participants.  Of the 11 patients 

surveyed, 7 perceived improvement in their swallowing immediately following treatment 

and 6 stated that their improvements were maintained.  One patient expressed feelings of 

deterioration, but this patient had dysphagia due to ALS so it is unclear if the 

deterioration was due to the effects of treatment or because of the rapid disease 

progression.  Ouyoung et al. (2011) also showed maintenance of increased swallowing 

abilities in patients that received electrical stimulation treatment during and post-CRT.  

Follow-up was conducted 6 months post-treatment using a VFSS and the FIOS.  With 

this limited information regarding the long-term benefits of electrical stimulation, it is 

critical that future research focus on whether or not improvements of this treatment are 

maintained.  Continued research is also needed to determine the effects of treatment on 

patients with neurodegenerative diseases, particularly with regards to the ability of 

electrical stimulation to prolong functional swallowing without accelerating the 

progression of the disease.  
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Chapter 8: Conclusion 

Though the use of electrical stimulation as a dysphagia treatment has been 

surrounded by controversy since the initial study by Freed et al. (2001), the number of 

clinicians using this treatment continues to increase.  Because of the recent emphasis on 

using techniques supported by research, several studies have been conducted to determine 

the efficacy of electrical stimulation treatment.  This systematic review of electrical 

stimulation interventions targeted three questions regarding the effects and use of this 

treatment technique as well as any methodological limitations that could affect the 

applicability of the findings.   

The first question addressed was which muscles were targeted during electrical 

stimulation treatment and the effect on hyolaryngeal movement was investigated.  Studies 

showed that hyolaryngeal depressors are targeted by stimulation but that this downward 

movement could act as a type of resistance training for patients.  Next, the most 

appropriate candidate based on etiology and/or severity was examined.  Results showed 

that electrical stimulation is a feasible treatment for patients with dysphagia due to an 

event (i.e. stroke, vagal nerve neuropathy, etc.) and head and neck cancer, but the effect 

of treatment on patients with neurodegenerative diseases is still unclear.  It was also 

shown that this treatment can be used successfully in both the acute and chronic stages of 

dysphagia.  With regards to severity, patients with dysphagia ranging in severity from 

mild to severe all showed improvement but the greatest improvement appeared to be with 

patients with severe dysphagia as long as they had some volitional ability to elevate their 

hyolaryngeal complex.   

The next question addressed the effectiveness of electrical stimulation in three 

different treatment scenarios which included electrical stimulation used alone, in 

combination with swallowing, and in combination with traditional treatments.  Results 

showed that electrical stimulation produced improvements in swallowing abilities for 

each treatment scenario, particularly at motor level stimulation.  This suggests that 

electrical stimulation can be used with patients at various cognitive functioning levels.  

The overall positive findings of this review for the use of electrical stimulation as a 
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treatment for dysphagia coincide with previous systematic reviews (Carnaby-Mann & 

Crary, 2007; Clark et al., 2009).  Finally, the methodological limitations of the studies 

were evaluated.  The studies presented an overall moderate-to-high level of evidence with 

few methodological limitations that would affect the applicability of the findings.  The 

main limitations were the lack of treatment protocol and follow-up measures.  The lack of 

treatment protocol led to the use of varied stimulation levels, session/treatment lengths, 

and additional treatments (i.e. OMEs, LEs, swallowing, etc.) which makes it difficult to 

compare the study results or to determine which treatment is most effective.  The absence 

of follow-up measures leads to uncertainty about the long-term effects of treatment and 

improvement maintenance.  Future research should focus on creating a treatment protocol 

and on determining if patients experience long-term benefits of treatment. 
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