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Abstract 

 

Oropharyngeal Dysphagia Treatment: A Review of Transcutaneous 
Electrical Stimulation Effectiveness 

 

Ashley Elizabeth Wood, M.A. 

The University of Texas at Austin, 2012 

 

Supervisor:  Thomas P. Marquardt 

 

Abstract: Transcutaneous electrical stimulation (TNES) is a controversial 

treatment method for oropharyngeal dysphagia. Currently, few studies support the 

effectiveness of TNES for the treatment of dysphagia. This study examines the available 

research regarding the effectiveness of TNES for the treatment of oropharyngeal 

dysphagia. 
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Chapter 1: Introduction 

Dysphagia is a swallowing disorder characterized by a delay in the propulsion of 

food from the mouth to the stomach and/or misdirection of a bolus to the upper airway 

and/or lungs. While the exact prevalence of dysphagia is unknown, epidemiologic studies 

show prevalence may be as high as 22% in individuals over age 50 (Groher & Crary, 

2010; Howden, 2004). Currently accepted non-surgical treatments for dysphagia include 

swallowing exercises, dietary modification, and postural changes and maneuvers. The 

effectiveness of these treatment methods ranges from poor to fair to good (Miller & 

Langmore, 1994). In patients with severe dysphagia, defined by unsafe toleration of all 

solids and liquids, existing treatments such as physical maneuvers, thermal-tactile 

stimulation, biofeedback and other traditional therapy methods generally are ineffective 

(Freed, Freed, Chaturn, & Christian, 2001; Langmore & Miller, 1994; Neumann, 

Bartolome, Buchholz, & Prosiegel, 1995; Rosenbek, Robbins, Fishback & Levine, 1991) 

and involve long treatment times leading to potential risks such as interference with 

treatment of other medical problems (Freed et al., 2001).  An alternative, more effective, 

and minimally invasive approach to dysphagia management is needed.  

Transcutaneous electrical stimulation (TNES) as a treatment option has received 

increased attention for adults and children with dysphagia. Transcutaneous electrical 

stimulation previously was used in rehabilitation medicine to prevent disuse atrophy 

through exercise of striated muscle, but mixed research findings indicate that there is an 

ambiguous explanation for the clinical application for TNES. There also is limited 

evidence of how TNES affects the muscles of the swallowing mechanism (Ayala & Cruz, 

2008). The purpose of this report is to review current research on the effectiveness of 

TNES as a treatment option for oropharyngeal dysphagia in adults.  
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Chapter 2: Anatomy and Physiology of the Normal Swallow 

To better understand what happens when a person cannot swallow, discussion of 

the anatomic and physiologic aspects of a normal swallow as described by Groher and 

Crary (2010) will be discussed to serve as a reference for impairment. Swallowing can be 

divided into three stages: oral, pharyngeal, and esophageal. The oral stage includes 

anticipating the food, manipulation of the food in the mouth during the process of bolus 

formation, and getting the food to the back of the oral cavity with the tongue. The 

coordinated action of the tongue and jaw to move the bolus laterally onto the molars for 

deformation is accomplished through the primary muscles of chewing, which include the 

masseter, temporalis, and pterygoid muscles. The masseter closes the jaw while the 

temporalis moves it up, forward, and backward. The medial pterygoid muscles work 

bilaterally to elevate the mandible while also shifting the jaw to the opposite side 

unilaterally. The lateral pterygoid muscles work together, pulling down or forward while 

moving the jaw or chin to the opposite side unilaterally. Both of the pterygoid muscles 

work together to grind in mastication. The facial nerve also assists in the oral stage by 

innervating the lower facial muscles attached to the maxillae and mandible (buccinator 

muscles) which compress the lips and flatten the cheeks for the movement of food across 

the teeth. The tongue’s main role in the oral stage is to manipulate, shape, hold, and then 

transfer the bolus into the oropharynx. This is accomplished by the hypoglossal nerve that 

innervates the tongue, which has four distinct intrinsic muscle masses that affect the 

shape, contour and function of the tongue. 

  Once the bolus is prepared, the tongue tip is elevated to the alveolar ridge, and the 

tongue retracts via the extrinsic tongue muscles: digastricus, mylohyoid, and the 

geniohyoid. At that time respiration stops and the arytenoid cartilage approximate, 
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followed by true vocal fold adduction. The tongue base retraction applies positive 

pressure by contact with the velum and posterior pharyngeal wall, allowing the bolus to 

move rapidly through the pharynx into the open upper esophageal sphincter (UES). 

Several groups of muscles work together to elevate the tongue base and draw the hyoid 

bone up and forward. These muscles include: the mylohyoid (elevates tongue and floor of 

mouth; depresses jaw when hyoid bone is in fixed position), anterior belly of the digastric 

(raises hyoid bone if jaw is fixed; depresses jaw if hyoid bone is fixed), geniohyoid 

(draws hyoid bone forward; depresses mandible when hyoid bone is fixed), stylohyoid 

(elevates hyoid and tongue base), and the styloglossus (elevates tongue up and back). 

These muscles are important since the tongue is connected to the hyoid bone, and the 

hyoid bone is connected to the thyroid and cricoid cartilages, which ultimately lead to the 

upward and forward movement of the larynx needed to open the UES for a safe and 

adequate swallow. As the larynx rises the epiglottis retroverts over the top of the airway, 

completing the airway protection mechanism that allows the bolus to be directed toward 

the esophagus rather than into the trachea.  

Groher and Crary (2010) state that the pharyngeal stage begins when the bolus 

arrives at the level of the vallecula. This stage involves the pharynx shortening and 

narrowing, velum elevating, and pharyngeal peristalsis. The superior, middle, and inferior 

constrictor muscles of the pharynx are activated sequentially to narrow and shorten the 

pharynx and aid in transport of the bolus toward the esophagus, the process known as 

pharyngeal peristalsis. Other muscles involved in this process include: the 

palatopharyngeus (draws velum down), stylopharyngeus (elevates the pharynx), and 

salpingopharyngeus (draws lateral walls of pharynx up). During pharyngeal transport, the 

hyoid bone continues its upward and forward movement, tilting the larynx upward and 

forward to prevent the bolus from entering the airway. The airway protection mechanism 
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mentioned previously is an important component during this stage in preventing 

penetration or aspiration of food or liquid. It includes: upward and forward movement of 

the larynx, epiglottis retroversion over the larynx, and closure of the internal laryngeal 

structures from inferior to superior (true vocal folds, false vocal folds, aryepiglottic 

folds). The upward and forward movement of the larynx also causes the UES to relax and 

open. Once the bolus enters the UES, the esophageal stage begins and the UES closes, the 

airway reopens, and the hyoid bone returns to its resting position.  
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Chapter 3: Etiologies of Dysphagia 

Oropharyngeal dysphagia is any difficulty with bolus propulsion from the mouth 

to the esophagus, and usually is caused by reduced or delayed laryngeal elevation, 

decreased base of tongue movement, swallow trigger delay, decreased pharyngeal wall 

movement, and/or decreased laryngeal airway closure (Groher & Crary, 2010; Ayala & 

Cruz, 2008). Depending on the anatomical and physiological impairments causing 

oropharyngeal dysphagia, the treating speech-language pathologist will determine which 

treatment options are appropriate. 

Dysphagia is not a primary medical diagnosis but a symptom of an underlying 

disease process. The disorder is described by its clinical signs and symptoms, which 

include: coughing and choking during or after a meal, food sticking, regurgitation, 

odyonphagia, drooling, unexplained weight loss, and nutritional deficiencies (Groher & 

Crary, 2010). There are several causes of dysphagia. Neurologic disorders such as stroke, 

Parkinson’s disease, multiple sclerosis, traumatic brain injury (TBI) and amyotrophic 

lateral sclerosis (ALS) cause swallowing disorders that reflect the underlying 

sensorimotor characteristics of the neurologic deficit. Although functional consequences 

vary depending on the location and severity of damage, commonly observed 

oropharyngeal stage deficits include: delayed initiation of pharyngeal swallow, reduced 

pharyngeal peristalsis, increased pharyngeal transit time, inadequate laryngeal elevation, 

and penetration and/or aspiration.  

Another cause of dysphagia is head and neck cancer and the treatments for cancer 

(surgery, radiation therapy, and/or chemotherapy). The specific characteristics of 

dysphagia resulting from treatments for head/neck cancer vary depending on the type and 

extent of the treatment. In general, patients present with reduced movement within the 
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swallowing mechanism that contributes to reduced swallowing efficiency (i.e. post-

swallow oral and pharyngeal residue and delayed triggering of swallow), which both put 

the patient at an increased risk for penetration/aspiration (Mittal et al., 2003; Kotz, 

Abraham, Beitler, Wadler, & Smith, 1999). Additionally, dysphagia can be of idiopathic 

or iatrogenic origin such as undetected vascular deficits, decompensation with advancing 

age, and decompensation in complex medical conditions, medication-induced changes, 

initial symptoms of a progressive disease, and postsurgical changes (Buchholz, 1994; 

Buchholz, 1995). Often, idiopathic or iatrogenic dysphagia can resemble neurogenic 

dysphagia and leads to similar symptoms such as delayed initiation of pharyngeal 

swallow, reduced pharyngeal peristalsis, increased pharyngeal transit time, inadequate 

laryngeal elevation, and increased risk of penetration and/or aspiration.  
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Chapter 4: Deficits Caused by Dysphagia 

Dysphagia also can lead to an increased risk of malnutrition, dehydration, 

aspiration, respiratory compromise and a general decline in quality of life because 

patients may not be able to eat or drink items of their choice, and may avoid social 

settings involving eating and drinking (Marik & Kaplan, 2003; Palmer, Drennan, & 

Baba, 2000; Lovell, Wong, Loh, Ngo, & Wilson, 2005). Thus, finding an effective 

treatment to restore safe swallowing is important because of the medical and 

psychosocial consequences associated with dysphagia.  

The speech-language pathologist’s (SLP) role in treatment of dysphagia is to 

manage its adverse effects, typically through a variety of behavioral (e.g. change in 

posture, strengthening muscles, or compensatory swallow strategies), environmental (one 

to one supervision or least distracting environment), medical (e.g. changing interfering 

medications or placing feeding tube), surgical (e.g. mobilization of weak vocal fold or 

placement of gastrostomy tube) and/or diet interventions (e.g. modifying texture, taste, or 

volume) (Groher & Crary, 2010). For treatment to be effective, the SLP should focus on 

maximizing adequate airway protection and helping the patient maintain adequate 

nutrition and hydration. In selecting the appropriate therapy the SLP should consider the 

objective of their therapy. In other words, the clinician must have a clear understanding 

of the underlying conditions contributing to dysphagia in each individual patient. Since 

dysphagia is the result of an underlying disease or disorder, the SLP needs to consider the 

nature of the swallowing deficit. This includes which stage(s) of the swallow are affected 

and how events occurring in one anatomic area have potential to affect performance in 

another (Groher & Crary, 2010). Also, effectiveness of treatment can be measured by 

examining the patient’s clinical outcomes, including: decreases in pharyngeal swallow 
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delay time, increases in frequency of spontaneous swallows, advancement to oral 

feedings, upgrades in food or liquid textures, reduction in degree of required supervision, 

improved nutritional status, and decreases in the time required to eat meal safely. All of 

these measures of improvement were considered when evaluating the effectiveness of 

TNES for the treatment of dysphagia. 
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Chapter 5: What is Transcutaneous Electrical Stimulation (TNES)? 

Transcutaneous electrical stimulation (TNES) uses surface electrodes to deliver 

electrical stimulation to muscles, which in turn causes muscle contractions through 

depolarization of nerve fibers (Suiter, Leder & Ruark, 2006). Electrical stimulation 

increases muscle strength, but the method by which muscles are strengthened is not clear. 

Two explanations are suggested: One proposes TNES works similar to voluntary exercise 

through low repetitions with higher external weight and high force of muscle contraction. 

A second theory states that TNES activates type II striated muscle fibers. Type II fibers 

are voluntary muscles that produce high force but are more easily fatigued. The 

recruitment of type II muscle fibers may result in greater muscle strength compared to 

voluntary exercise alone (Suiter et al., 2006; Ayala & Cruz, 2008; Lake, 1992). These 

principles behind TNES application in other rehabilitative fields contribute to the main 

idea underlying TNES in the treatment of dysphagia; that electrical stimulation will 

enhance muscle function during swallowing activity and the patient will experience 

improved swallowing ability. In particular, Freed et al. (2001) theorized that TNES 

would target type II muscle fibers, which are the key fibers that participate in the high-

speed, forceful contractions of several muscles involved in swallowing. Additionally, 

since type II fibers are the first to experience disuse atrophy, it is important to target 

them, which is what TNES is said to do (Korfage, Schueler, Brugman & Van Eijden, 

2001; Stal, 1994). Since traditional swallowing rehabilitation exercises do not recruit type 

II muscle fibers, unless vigorous exercise is implemented, traditional swallowing therapy 

would only improve type I fibers (Shaw et al., 2007). For that reason, using TNES in 

conjunction with traditional swallowing therapy would direct attention to both muscle 

fiber types and is likely to lead to greater improvement of dysphagia. 
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Chapter 6: Transcutaneous Electrical Stimulation and VitalStim in 
Dysphagia Therapy 

Transcutaneous electrical stimulation (TNES) for treatment of oropharyngeal 

dysphagia is typically administered by a speech-language pathologist (SLP). In general, it 

involves the simultaneous administration of small electrical impulses to the mylohyoid 

and thyrohyoid muscles through two sets of electrodes that are placed anteriorally to the 

submental and laryngeal regions of the neck. In accordance with the VitalStim training 

manual guidelines four different electrode configurations are recommended on the basis 

of patient response and perceived deficits. These placements include: (A) two electrodes 

above, and two electrodes just below the thyroid notch in one vertical line at midline, (B) 

same as placement A, except top electrode is slightly higher, closer to anterior belly of 

digastric, (C) two electrodes horizontally, immediately above thyroid notch and two 

electrodes parallel, below notch; electrode pairs connected vertically, and (D) two 

electrodes horizontal above thyroid notch, near anterior belly of digastric and two 

electrodes vertical just below thyroid notch (Wijting & Freed, 2003; Shaw et al., 2007). 

The electrical current travels to peripheral tissue aiming to improve function by 

strengthening the swallowing musculature. Current intensity is set to the patient’s 

tolerance and comfort level, which differs among individuals. Ideally, the intensity level 

of the current is increased until the client feels a sensation described as “muscle 

grabbing”, which is called the motor level of stimulation. Muscle grabbing is a perceived 

strong vibration or sensation that the electrodes are coming loose from the neck (Freed, 

Freed, Chatburn, & Christian, 2001).  The electrical current cycles off for 1 second every 

minute throughout 1 hour of therapy. The current can be administered while the muscles 

are at rest or during voluntary contractions (dry swallow); stimulation while swallowing 
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is recommended for movement retraining (Ayala & Cruz, 2008; Clark, Lazarus, 

Arvedson, Schooling, & Frymark, 2009).  

According to Ayala and Cruz (2008) TNES stimulates the thyrohyoid muscle with 

the intention of inducing contraction of the mylohyoid (submentally to elevate the hyoid 

bone) and thyrohyoid (in the neck to elevate the larynx). However, because TNES current 

density of the electrodes is greatest at the surface of the skin and decreases with depth as 

it travels through the skin, subcutaneous fat, and platysma muscle (Sobotta, 1990), deeper 

muscles may be recruited less efficiently. Such muscles include the anterior belly of the 

digastric (lowers mandible or pulls hyoid upward), and the mylohyoid and geniohyoid 

(pull hyoid upward and forward).  The thyrohyoid also lies deep beneath the sternohyoid 

and omohyoid muscles, and TNES is more likely to recruit these muscles instead of the 

thyrohyoid. Recruitment of these muscles will lead to hyoid bone descent into the neck 

(sternohyoid muscle), hyoid bone movement posteriorly (omohyoid muscle), and larynx 

descent (sternohyoid or sternothyroid muscles), none of which are beneficial for 

improving swallow safety (Ludlow et al., 2007). Additional studies report that TNES 

causes downward movement of the hyoid during swallowing secondary to stimulation of 

the sternohyoid muscle rather than the thyrohyoid muscle (Logemann, 2007; Ludlow, 

Humbert, Poletto, Sonies & Crujido, 2007). Certainly, the effects of TNES on the 

swallowing musculature and resulting swallow function are not fully understood. 

Despite limited and inconsistent evidence to support the effectiveness of TNES as 

a treatment option for dysphagia, many clinicians continue to utilize the treatment 

paradigm. Choosing a treatment option like TNES despite the lack of strong and positive 

empirical evidence may be attributed to clinicians implementing treatment according to 

their own clinical experience and/or the opinions of colleagues as opposed to research 

studies or clinical practice guidelines (Zipoli & Kennedy, 2005). Selecting treatment 
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options based on anecdotal evidence and opinions of others is troublesome because not 

using or ignoring current best evidence to make clinical decisions can result in clinicians 

using familiar and/or comfortable treatments that might be less effective in achieving 

desired outcomes. Therefore, the physiological effects of TNES on the swallowing 

mechanism and the functional outcomes following therapy will be reviewed to determine 

if TNES is an effective treatment method for oropharyngeal dysphagia. 
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Chapter 7: Transcutaneous Electrical Stimulation in Treatment of 
Dysphagia 

The most current evidence and articles about the effectiveness of transcutaneous 

electrical stimulation as a treatment for dysphagia from the last ten years (2001-2011) 

were reviewed. Terms searched included: “dysphagia,” “neuromuscular electrical 

stimulation,” “transcutaneous electrical stimulation,” and “VitalStim.” Only articles 

describing TNES for the treatment of oropharyngeal dysphagia were included. A total of 

12 articles were identified. Six articles presented evidence that supported the use of 

TNES for treatment of oropharyngeal dysphagia (Blumenfeld et al., 2006; Freed, Freed, 

Chatburn & Christian, 2001; Gallas, Marie, Leroi & Verin, 2010; Leelamanit, Limsakul, 

& Geater, 2002; Lim, Lee, Lim, & Choi, 2009; Permsirivanich et al., 2009), one study 

showed that TNES helped those with mild to moderate dysphagia only (Shaw et al., 

2007), one study showed that TNES had the same positive therapy effects as tradition 

therapy (Bulow, Speyer, Baijens, Woisard & Ekberg, 2008), and three studies found that 

TNES did not improve oropharyngeal dysphagia (Humbert et al., 2006; Kiger, Brown, & 

Watkins, 2006; Suiter et al., 2006).  Because there were mixed findings across the articles 

about the effects of TNES, further investigation of the effectiveness of TNES for the 

treatment of oropharyngeal dysphagia is warranted. 
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Chapter 8: Synopsis of Findings on Transcutaneous Electrical 
Stimulation for Treatment of Dysphagia 

The research articles were reviewed for evidence relating to the effectiveness of 

TNES as a treatment for oropharyngeal dysphagia. Areas of particular interest included: 

sample size, types of dysphagia, subjects with a normal swallow versus subjects with 

dysphagia, and methodology. Table 1 shows information about each study’s treatment 

protocol and limitations.  
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Table 1: A summary of number of participants, the year of publication, number of 
treatment sessions, treatment minutes per session, and electrical stimulation 
protocol for studies using TNES. 

Authors Title Year Number of 
Participants 

Number of Sessions/Minutes 
per Session 

Hz of Electrical 
Stimulation 

Study Limitations 

Gallas, Marie, 
Leroi, & 
Verin. 

Sensory 
transcutaneous 
electrical stimulation 
improves post-stroke 
dysphagic patients. 

2010 11 D 5 sessions (EG) 
(No CG) 

 
60 minutes (EG) 

(No CG) 

80 Hz; pulse 
duration not 

specified 

Uncontrolled study; no 
CG to rule out 
nonspecific effects; 
small number of 
participants; role of 
lesion sites and time 
from stroke not 
accounted for. 

Lim, Lee, 
Lim, & Choi. 

Neuromuscular 
electrical and thermal-
tactile stimulation for 
dysphagia caused by 
stroke: A randomized 
controlled trial. 

2009 28 D 
 
 

2-30 days depending on 
severity 

 
60 (EG) 

Not specified (CG) 

Not specified Small number of 
subjects; short follow-
up period; effects on 
swallowing physiology 
of changing variables 
of ES (frequency and 
amplitude) not yet 
established; number of 
treatment sessions 
varied; frequency of 
current not provided. 

Permsirvanich
, Tipchatyotin, 
Wongchai, 
Leelamanit, 
Setthawatchar
awanich, 
Sathirapanya, 
Phabphal, 
Juntawises, & 
Boonmeeprak
ob. 

Comparing the effects 
of rehabilitation 
swallowing therapy vs. 
neuromuscular 
electrical stimulation 
therapy among stroke 
patients with persistent 
pharyngeal dysphagia: 
A randomized 
controlled study. 

2009 23 D Average of 17.25 sessions 
(EG) 

Average of 18.36 sessions 
(CG) 

 
60 minutes (EG) 
60 minutes (CG) 

80 Hz and fixed 
pulse duration of 

700 
microseconds 

Need more studies to 
explore effects of 
TNES on specific 
biomechanical aspects 
of pharyngeal 
swallowing and 
appropriate protocol 
and dosage of TNES; 
no swallow disorders 
reported; fairly small 
sample size. 

Bulow, 
Speyer, 
Baijens, 
Woisard, & 
Ekberg. 

Neuromuscular 
electrical stimulation 
(NMES) in stroke 
patients with oral and 
pharyngeal 
dysfunction. 

2008 25 D 15 sessions (EG) 
15 sessions (CG) 

 
60 minutes (EG) 
60 minutes (CG) 

Not specified Did not assess swallow 
function over a period 
of time; frequency of 
electrical stimulation 
not defined; only 
subjects with 
hemispheric stroke; 
Visual Analog Scale 
gave false sense of 
recovery; no swallow 
disorders reported. 

Ludlow, 
Humbert, 
Saxon, 
Poletto, 
Sonies, & 
Crujido. 

Effects of surface 
electrical stimulation 
both at rest and during 
swallowing in chronic 
pharyngeal dysphagia. 

2007 11 D 1 session (EG) 
(No CG) 

 
Not specified (EG) 

(No CG) 

Not specified No swallow disorders 
reported; small subject 
size and no control 
group; only one or two 
trials evaluated in each 
subject for each 
condition b/c of need 
to limit radiation 
exposure; further 
assessment of 
individual items on 
NIH-SSS scale 
needed. 
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Table 1 Continued 

Shaw, 
Sechtem, 
Searl, Keller, 
Rawi, & 
Dowdy. 

Transcutaneous 
neuromuscular 
electrical stimulation 
(VitalStim) curative 
therapy for severe 
dysphagia: Myth or 
reality? 

2007 18 D 7 to 28 sessions (EG) 
(No CG) 

 
60 minutes (EG) 

(No CG) 

Not specified No swallow disorders 
reported; small sample 
size; need larger, more 
objective clinical 
studies to determine 
which patients will 
most likely succeed 
with this technique; no 
control group. 

Blumenfeld, 
Hahn, LePage, 
Leonard, 
Belafsky. 

Transcutaneous 
electrical stimulation 
versus traditional 
dysphagia therapy: A 
nonconcurrent cohort 
study. 

2006 80 D 5 to 15 sessions (EG) 
6 to 20 sessions (CG) 

 
30 minutes (EG) 
30 minutes (CG) 

80 Hz and fixed 
pulse duration of 

700 
microseconds 

No swallow disorders 
reported; retrospective 
review; individuals 
performing the 
swallow evaluations 
administered 
treatment; potential 
bias; participation bias 
because clinicians less 
likely to perform 
TNES on individuals 
with poorer prognosis; 
participants in long 
term care fairly 
homogenous (e.g. 
disease acuity and 
rehab potential); no 
generalization to other 
individuals in greater 
or poorer health; study 
needs to be confirmed 
with prospective 
randomized, placebo-
controlled clinical trial 
in individuals of 
varying disease 
severity and rehab 
potential. 

Humbert, 
Poletto, 
Saxon, 
Kearney, 
Crujido, 
Wright-Harp, 
Paynge, 
Jeffries, 
Sonies, & 
Ludlow. 

The effect of surface 
electrical stimulation 
on hyolaryngeal 
movement in normal 
individuals at rest and 
during swallowing. 

2006 29 NS 
 

1 session (EG) 
(No CG) 

 
Minutes per session not 

specified 

80 Hz and fixed 
pulse duration of 

700 
microseconds 

Study does not 
evaluate VitalStim 
treatment condition; 
only tested effect of 
electrical current 
applied at max 
intensity (significantly 
higher than that used 
during VitalStim); 
effects of NMES on 
normal swallowing 
individuals. 
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Table 1 Continued 

Key: D= Dysphagia; NS= Normal Swallow; EG= Experimental Group; CG= 

Control Group 

 

Kiger, Brown, 
& Watkins. 

Dysphagia 
management: An 
analysis of patient 
outcomes using 
VitalStim therapy 
compared to traditional 
swallow therapy. 

2006 22 D 2 to 13 sessions (EG) 
1 to 6 sessions (CG) 

 
35 to 60 minutes (EG) 
15 to 45 minutes (CG) 

 

Not specified No swallow disorders 
reported; Used non-
validated swallow 
scales; non-validated 
evaluation procedure 
and inconsistently 
applied; some received 
FEES and others an 
MBSS; difference in 
chronicity and non-
validated outcome 
tools; difficult to draw 
meaningful 
conclusions. 

Suiter, Leder, 
& Ruark. 

Effects of 
neuromuscular 
electrical stimulation 
on submental muscle 
activity. 

2006 10 NS 10 sessions (EG) 
(No CG) 

 
60 minutes (EG) 

(No CG) 

80 Hz and fixed 
pulse duration of 

700 
microseconds 

Limited sample of 
normal healthy adults; 
80 Hz stimulation 
level based on physical 
therapy protocols and 
on patients' reports of 
comfort level rather 
than specific swallow-
related behaviors; 
further investigation 
needed to determine 
appropriate stimulation 
frequency; no control 
group. 

Leelamanit, 
Limsakul, & 
Greater. 

Synchronized 
electrical stimulation 
in treating pharyngeal 
dysphagia. 

2002 23 D 2 to 30 sessions (EG) 
(No CG) 

 
240 minutes (EG) 

(No CG) 
 

60 Hz; pulse 
duration not 

specified 

No control group; need 
long-term follow-up 
and a larger group of 
subjects; electrical 
stimulation level 
different from 
VitalStim protocol and 
pulse duration not 
specified. 

Freed, Freed, 
Chatburn, & 
Christian. 

Electrical stimulation 
for swallowing 
disorders caused by 
stroke. 

2001 99 D Number of sessions not 
specified 

 
60 minutes (EG) 
60 minutes (CG) 

 

80 Hz and fixed 
pulse duration of 

300 
microseconds 

No randomization of 
two treatment groups; 
swallow function scale 
was not validated; 
amplitude and current 
of VitalStim not 
reported; initial SLP 
assessed and provided 
treatment; discrepancy 
in number of treatment 
sessions between two 
groups; no swallow 
disorders reported. 
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SAMPLE SIZE  

The studies reviewed consisted of varying sample sizes, ranging from 10 to 99 

subjects. Only two out of 12 of the studies had over 30 participants (Blumenfeld et al. 

2006; Freed et al., 2001), while the 10 of the 12 studies had between 10 to 30 participants 

(Bulow et al., 2008; Gallas et al., 2010; Humbert, et al., 2006; Kiger et al., 2006; 

Leelamanit, et al., 2002; Lim et al., 2009; Ludlow et al., 2007; Permsirvanich et al., 2009; 

Shaw et al., 2007; Suiter et al., 2006). Since the majority of studies reviewed had small 

sample sizes, results have to be interpreted cautiously. Another difference between 

studies was that 50% did not include a control group to rule out nonspecific effects such 

as improvement in overall medical status leading to spontaneous recovery of dysphagia, 

medical complications disrupting planned treatment, or improvement of swallowing by 

other implemented techniques (swallowing exercises, postural changes, diet 

modification) used during transcutaneous electrical stimulation administration (Gallas et 

al., 2010; Humbert, et al., 2006; Leelamanit, et al., 2002; Ludlow et al., 2007; Shaw et al., 

2007; Suiter et al., 2006). Confounding factors not accounted for by the absence of a 

control group need to be considered when determining the effectiveness of TNES. 

Without more data based on large, randomized, and controlled samples, any positive or 

negative findings should be interpreted with caution when evaluating the effectiveness of 

TNES. 

 

TYPE OF DYSPHAGIA 

Successful treatment of dysphagia should be based on a patient’s underlying 

swallow physiology, or the patient’s anatomical and physiological impairments, and the 

etiology of the patient’s dysphagia (Logemann, 1998). Without this information, 

choosing the most effective treatment option for a patient with dysphagia is difficult 
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because differing etiologies will affect the swallowing system differently. Defining the 

type of dysphagia demonstrated by the participants, and their specific diagnoses, is 

critical in determining effectiveness of transcutaneous electrical stimulation as a 

treatment option for dysphagia. For example, the VitalStim treatment protocol considers 

the following factors to be contraindications: dementia and exhibition of nonstop 

verbalization, significant reflux, dysphagia due to drug toxicity, agitation, decreased level 

of consciousness, noncompliance, or pregnancy (Kiger et al., 2006). Therefore, a patient 

with dysphagia caused by dementia and displaying diminished cognition may not be an 

appropriate candidate for TNES therapy, even though he or she displays the 

oropharyngeal deficits commonly targeted by TNES therapy. This is why it is important 

to consider both the physiological impairments and the underlying etiology of dysphagia 

before TNES is considered an appropriate treatment method. 

 

EVALUATION PROCEDURES 

According to Wijting & Freed (2003), the speech-language pathologist determines 

which musculature would benefit from administration of transcutaneous electrical 

stimulation through a patient evaluation (VFSS and/or FEES), and then implements 

TNES with the goals of increasing muscle strength, accelerating cortical reorganization, 

and increasing the effectiveness of the exercise therapy. TNES can be administered for 

dysphagia caused by varying etiologies as long as the clinician has adequate information 

from the assessment to determine appropriate administration of electrical stimulation. Of 

the studies reviewed, five of the 10 used TNES for patients with a primary diagnosis of 

chronic stroke (at least six months post) (Bulow et al., 2008; Freed et al., 2001; Gallas et 

al., 2010; Lim et al., 2009; Permsirivanich et al., 2009) and four of the 10 included 

subjects with varying etiologies for dysphagia such as: chronic stroke, respiratory failure, 
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sepsis, pneumonia, carcinoma of the tongue, traumatic brain injury, Parkinson’s disease, 

craniotomy, vagal nerve neuropathy, iatrogenic causes, drug-induced causes, cervical 

trauma, amyotrophic lateral sclerosis, viral encephalopathy, previous radiotherapy for 

laryngeal cancer, and/or other non-specified chronic conditions (Blumenfeld et al., 2006; 

Kiger et al. 2006; Ludlow et al., 2007; Shaw et al., 2007). While the studies contained 

participants with varying etiologies, they all determined appropriate use of TNES by 

conducting either a VFSS and/or a FEES to examine the anatomy and physiology of the 

oral cavity and pharynx during eating. These measures should allow therapists to identify 

the disorders in movement patterns or oropharyngeal structures that control the bolus and 

cause aspiration or inefficient swallowing, and help to identify treatment strategies that 

will eliminate aspiration and increase swallowing efficiency. However, none of these 

nine studies described the anatomical and physiological results of the VFSS or FEES 

evaluations, resulting in the absence of information regarding patients’ swallowing 

physiology. Without this information, the specific measures of improvement after 

administration of TNES are vague.   

  Only one of the 10 studies classified dysphagia by the presenting physiological 

deficit: reduced laryngeal elevation (Leelamanit et al., 2002). More studies similar to 

Leelamanit and colleagues’ (2002) study with evidence about how TNES affects 

swallowing function and not just reports of the functional improvements after TNES 

therapy would help better determine if TNES is an effective treatment for dysphagia. The 

authors administered TNES uniformly to target reduced laryngeal elevation. By 

narrowing the population to a specific physiological deficit, results are more specific and 

provide more informative data regarding the specific effects of TNES on the 

biomechanical aspects of the pharyngeal swallow.  
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The introduction of VitalStim offers SLP’s a more uniform treatment procedure 

for dysphagia. A more uniform treatment procedure can lead to a less careful assessment 

of the patient’s swallow physiology and etiology that is important in the treatment of 

dysphagia (Logemann, 2007). For example, while the implementation of a compensatory 

maneuver such as the Masako maneuver targets a specific deficit (base of tongue 

weakness) associated with specific etiologies of dysphagia, TNES seems to be more 

vague in its targeted physiological movement. Limited evidence of the patient population 

that may or may not benefit from TNES makes it even more important for the treating 

clinician to thoroughly evaluate and understand the underlying disease’s impact on 

swallowing function before considering TNES an effective treatment for dysphagia. 

Without more detail as to how TNES improves swallowing function and in which 

specific underlying swallow physiologies TNES is most effective, justifying TNES as an 

effective treatment method is complicated. Restated, if the current research does not 

report specific physiological effects seen with administration of TNES, such as the 

elevation of the hyoid bone and larynx, then concluding what is leading to recovery in the 

patients is not possible. Is improvement of dysphagia accomplished by spontaneous 

recovery, physical maneuvers accompanying the TNES, or the electrical stimulation to 

the thyrohyoid and mylohyoid muscles leading to elevation of the larynx and hyoid bone 

respectively that causes an improvement in dysphagia? 

  

PATIENTS WITH DYSPHAGIA VS. NORMAL SWALLOW  

Two of the 12 studies evaluated transcutaneous electrical stimulation for 

participants with a normal swallow function (Humbert et al., 2005; Suiter et al. 2006). 

Results of these studies warrant discussion because of their negative findings. Suiter and 

colleagues (2006) found no significant gains or reductions in muscle activity following 
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TNES over two weeks and concluded that TNES to submental muscles with the goal of 

improving pharyngeal swallow was not supported. Humbert and colleagues (2005) found 

that TNES was harmful to swallowing safety because it resulted in reduced hyolaryngeal 

elevation during the swallow. These findings are in contrast to other evidence that TNES 

is an effective treatment method for dysphagia (Blumenfeld et al., 2006; Freed et al., 

2001; Gallas et al., 2010; Leelamanit et al., 2002; Lim et al., 2009; Permsirivanich et al., 

2009; Shaw et al., 2007). Conflicting results suggest that the effects of TNES on specific 

biomechanical characteristics of the pharyngeal swallow are not fully understood. 

Equally, negative results of TNES in normal individuals may be due to normal muscle 

function precluding gains following TNES, or that individuals with normal muscle 

function may respond differently to TNES than individuals with impaired functioning 

because of neurologic disease or comorbidities (Suiter et al., 2006). However, results that 

suggest TNES is decreasing hyolaryngeal elevation during a normal swallow should not 

be ignored. Initially, because of the possibility that TNES may result in reduced 

hyolaryngeal elevation during swallowing and would be detrimental to hyolaryngeal 

elevation in dysphagic individuals, especially those with already reduced volitional 

hyolaryngeal elevation (Humbert et al., 2005). Secondly, this data further emphasizes 

how important more consistent evidence of how and why TNES affects the 

biomechanical aspects of swallowing. Such evidence would not only make the 

effectiveness of TNES apparent, but also would help to better determine which patients 

may benefit from this particular therapy modality, and which patients are not appropriate 

candidates.  
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Chapter 9: Methodology  

TREATMENT PROTOCOL 

Optimal placement and number of electrodes used, electrical current 

administered, and the number of treatment sessions varied in the studies reviewed. 

According to the VitalStim training manual (Freed & Wijting, 2004) the clinician 

chooses one of the four different electrode arrangements based on the patient’s response 

and swallowing deficits. Typically, electrical stimulation is directed toward the elevators 

of the larynx above and below the hyoid bone, but depending on the electrode array, 

TNES can also stimulate the middle and inferior constrictors (Freed & Wijting, 2004). 

Because the placement of electrodes impacts which swallowing muscles are stimulated, it 

is crucial to choose an appropriate electrode array according to the specific etiology and 

physiological symptoms of each patient’s dysphagia.  

ELECTRODE PLACEMENT 

Of the 10 studies assessing TNES effectiveness in patients with dysphagia, six 

used two sets of electrodes (four total) in positions that targeted both submental and 

laryngeal regions on participants with dysphagia caused by stroke (Permsirivanich et al., 

2009; Bulow et al., 2008; Lim et al., 2009), on patients with dysphagia caused by 

multiple etiologies (stroke, structural, neurogenic and iatrogenic origins, other illnesses 

and diseases) (Blumenfeld et al., 2006; Ludlow et al., 2007), and on patients with 

dysphagia caused by reduced laryngeal elevation (Leelamanit et al., 2002).  Within this 

group, four out of six studies showed positive findings of TNES for treatment of 

dysphagia, but no pattern of best electrode placement by etiology emerged, suggesting 

electrode placement may be patient-specific despite similar etiologies (Lim et al., 2009; 

Leelamanit et al., 2002; Permsirivanich et al., 2009; Blumenfeld et al., 2006).  Freed and 

colleagues (2001) also targeted both submental and laryngeal regions in patients with 
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dysphagia caused by stroke, but only used one pair of electrodes (two total), and found 

positive results for TNES as a treatment method for dysphagia in patients with chronic 

stroke.   

Only one study reported detail about how they based their electrode arrangements 

on patient response and perceived deficits in subjects with dysphagia caused by varying 

etiologies (Shaw et al., 2007). However, while they explained the different options for 

electrode placement and what muscles each placement targets, they did not include 

information about which subjects received which electrode array, nor if this influenced 

improvement of dysphagia. Since they only found improvement in patients with mild to 

moderate dysphagia and not in those with severe dysphagia, knowledge of which 

electrode arrays were used on which group may have helped provide better understanding 

of which electrode configuration works best for each population.  

Gallas and colleagues (2010) placed electrodes to target the submental regions, 

targeting the mylohyoid muscles used during swallowing on patients with dysphagia 

caused by stroke. They found that this sensitive submental electrical stimulation during 

swallowing tasks helped to improve dysphagia by improving swallowing coordination. 

Specifically, patients showed a significant decrease in swallow response time for liquid 

and paste and significant reduction in aspiration and residue scores. However, oral transit 

time, pharyngeal transit time and laryngeal closure duration measures did not change 

significantly. Although results should be interpreted with caution because of the absence 

of a control group and small sample size, results suggest submental electrical stimulations 

in post-stroke patients may help improve dysphagia symptoms, mainly the coordination 

between the oral and pharyngeal stages. 

Only one of the studies (Kiger et al., 2006) did not specify electrode placement. 

The study found no significant difference between TNES and traditional swallow 
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therapy, but without more data on how they administered TNES, clinical applicability is 

limited. 

 The majority of studies failed to report logical indications for the best electrode 

placement during administration of TNES, or how electrode placement may influence 

improvement or lack of improvement in dysphagia. The studies should have provided 

more information about how and why they based electrode placement on the patient’s 

response and perceived deficits and report these details in their methodology as well as 

the results section. More thorough methodological data would improve clinical 

applicability and provide more information regarding the effectiveness of TNES based on 

of electrode placement. 

ELECTRICAL CURRENT ADMINISTRATION 

The frequency of electrical current administered varied across studies. Only four 

of the articles reported use of the VitalStim protocol of 80 Hz and fixed pulse duration of 

700 microseconds, two of which were examining TNES on subjects with a normal 

swallow (Humbert et al., 2006; Suiter et al., 2006), one investigating patients with 

multiple etiologies (Blumenfeld et al., 2006), and one examining patients with dysphagia 

caused by stroke (Permsirvanich et al., 2009). Both Blumenfeld et al. (2006) and 

Permsirvanich et al. (2009) showed positive findings, suggesting that TNES administered 

at 80 Hz and fixed pulse duration of 700 microseconds may be the optimal level of 

electrical stimulation for patients with dysphagia caused by stroke and other non-

progressive illnesses. However, other studies with positive findings did not use this level 

of electrical stimulation. Freed and colleagues (2001) administered TNES at 80 Hz and a 

fixed pulse duration of 300 microseconds in patients with dysphagia caused by stroke and 

Leelamanit and colleagues (2002) administered TNES at 60 Hz, but did not report the 

specific pulse duration in patients with dysphagia caused by reduced laryngeal elevation. 
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Differing administration levels of electrical stimulation make clinical application of the 

positive findings challenging. A specific protocol that is most effective to use during 

treatment cannot be reliably determined if the electrical stimulation level is not 

consistent, and no explanation is provided for the difference in electrical stimulation 

levels from the VitalStim protocol. Even more important than being unable to determine 

the optimal frequency level of TNES is the effect of different frequencies of TNES on the 

facilitation levels of the stimulated muscle group. Lower frequencies have been found to 

be inhibitory, which suggests that clinicians should not use these lower frequencies when 

treating dysphagia (Doeltgen, Huckabee, Dalrymple-Alford, Ridding, & O’Beirne, 2008). 

Also, several studies did not specify the electrical current administered (Bulow et al., 

2008; Gallas et al., 2010; Kiger et al., 2006; Lim et al., 2009; Ludlow et al., 2007; Shaw 

et al., 2007). Without this crucial information, results from these studies cannot be 

applied clinically.  

 

NUMBER AND LENGTH OF TREATMENT SESSIONS 

 The studies varied in the number and length of treatment sessions. There were 

studies that administered as few as one treatment session of transcutaneous electrical 

stimulation (Humbert et al., 2006; Ludlow et al., 2007) and others that administered up to 

30 sessions (Leelamanit et al., 2002; Lim et al., 2009). The average number of TNES 

treatment sessions for those with dysphagia caused by stroke and other varying etiologies 

was 10.8 sessions, which is near the training manual’s recommendation of 12 sessions 

(Wijting & Freed, 2003). The differences in treatment sessions administered to 

participants across studies make it difficult to extrapolate optimum numbers of treatment 

sessions for participants, a factor important in evaluating the effectiveness of TNES. 

While there was a lack of information about why the number of treatment sessions 
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varied, researchers provided a rationale for variations in treatment sessions. Often, the 

number of treatment sessions depended on either how fast a patient improved or the 

severity of their dysphagia. This was a positive finding because it showed that TNES 

treatment was tailored to each individual client and was not applied as an unvarying 

treatment.  

Time of TNES application was consistent among the studies. Of the ten studies 

that reported minutes of TNES application, the majority (6/10) reported administering 

treatment for 60 minutes (Bulow et al., 2008; Freed et al., 2001; Gallas et al., 2010; Lim 

et al., 2009; Permsirvanich et al., 2009; Shaw et al., 2007). Of these six studies, 5/6 

(83%) found positive effects of TNES, suggesting that 60 minutes of treatment may be an 

optimal amount of time per session.  

The other three studies had varying treatment times (Blumenfeld et al., 2006; 

Kiger et al., 2006; Leelamanit et al., 2002) and the fourth study did not indicate the 

minutes of treatment provided per session (Ludlow et al., 2007). Blumenfeld and 

colleagues (2006) did not provide an explanation as to why they chose a 30-minute 

treatment session instead of the recommended 60-minute. However, their findings that 

TNES is superior to traditional dysphagia therapy alone in a long-term acute care facility 

for the treatment of dysphagia caused by multiple etiologies may suggest TNES can be 

administered for a more efficient time of 30-minutes. Conversely, verification of these 

findings with a prospective, placebo-controlled, randomized clinical trial is necessary 

before any determination regarding both the effectiveness of TNES and the optimal 

session length can be established. 

Kiger and colleagues (2006) justified their variation in treatment times. First, they 

stated that two of the subjects had particular difficulty tolerating VitalStim and therefore 

treatment sessions were reduced to 35 minutes. While they made efforts to follow the 
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recommended regimen of 60 minutes for VitalStim treatment, other medical 

complications such as dialysis, transportation issues, and other factors interfered with the 

planned treatment lengths. Future research should focus on the impact of TNES duration 

on the improvement of dysphagia to find the most beneficial length of treatment. If 

reducing the amount of time TNES is administered has a significant negative effect on 

improvement of dysphagia then TNES is neither appropriate nor effective for patients 

who are more medically compromised or who have more difficulty tolerating the 

electrical stimulation. 

Lelamanit and colleagues (2002) used synchronized electrical stimulation (SES) 

to treat their patients with dysphagia resulting from reduced laryngeal elevation. This 

particular technique timed electrical stimulation of laryngeal elevation with initial 

movement of the posterior tongue. While results of the study were positive, 

administration time was quite prolonged at 240 minutes. This length of administration 

time may reduce the efficiency of TNES, especially since results of SES were not any 

better than those of nonsynchronized stimulation (Shaw et al., 2007). 

The majority of the studies used the recommended VitalStim protocol of 60-

minute treatment sessions, but none investigated or reported the impact of frequency and 

duration of TNES on outcomes. The influence of frequency and duration of TNES 

administration is important to examine to better determine the most efficient and effective 

treatment time that would lead to the greatest functional improvements in patients with 

dysphagia caused by multiple etiologies.   

 

METHODS TO EVALUATE SWALLOWING IMPROVEMENT 

There are several modalities of treatment for dysphagia, and each technique has a 

different purpose and impact on the swallowing mechanism. The primary goal of 
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transcutaneous electrical stimulation is to strengthen the swallowing musculature and 

restore normal swallowing function. Specifically, to stimulate the thyrohyoid and 

mylohyoid muscles and elevate the larynx and hyoid bone respectively. Therefore direct 

effects of TNES should be measured by looking for improvement of biomechanics and 

physiological changes via an instrumental exam. Secondary changes in health status 

(weight, hydration, complications), safe oral intake, and psychosocial aspects also are 

important, but do not reveal if TNES provided its intended purpose of enhancing muscle 

function during swallowing. 

Various methods within and across studies were used to measure improvement in 

swallow function before and after administration of TNES therapy. With the exception of 

Suiter and colleagues (2006), every study used videofluoroscopic swallow studies 

(VFSS) and/or fiberoptic endoscopic evaluations of swallowing (FEES) with statistical 

analysis and/or swallow severity scales to measure improvement after administration of 

TNES. Only two of the studies used the National Institute of Health-Swallowing Safety 

Scale (NIH-SSS) to assess swallow severity and improvement, along with other 

assessment measures. Humbert and colleagues (2006) explained the effects of TNES on 

normal participants without dysphagia. They used a VFSS to measure hyoid bone and 

laryngeal movements from resting position and while swallowing, with and without 

stimulation. Data analysis revealed that laryngeal and hyoid descent occurred with 

stimulation at rest, and that reductions in both larynx and hyoid bone peak elevation 

during stimulated swallows occurred. The stimulated swallows also were judged to be 

less safe than nonstimulated swallows when using the NIH-SSS.  

Similar results were found in Ludlow and colleagues’ (2007) study of TNES on 

patients with dysphagia caused by stroke or other neurogenic disease. The VFSS was 

used to measure hyoid movements in the superior-inferior and anterior-posterior 
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dimensions and laryngeal position with and without stimulation. Blinded speech-

language pathologists tallied the frequency of aspiration, penetration, pooling, and 

esophageal entry from the VFSS. Statistical analyses revealed hyoid depression during 

stimulation at rest, suggesting stimulation was either too weak or not deep enough to 

stimulate the axons innervating muscles that produce hyolaryngeal elevation (i.e. 

mylohyoid and thyrohyoid muscles). The NIH-SSS along with the Penetration-Aspiration 

scale (Rosenbek, Robbins, Roecker, Coyle & Wood, 1996) showed that despite hyoid 

bone depression at rest the risk for aspiration and swallowing safety did not worsen 

during stimulation. Statistical analysis also revealed that patients with the greatest hyoid 

depression at rest had the greatest reduction on the Pen-Asp scale during TNES while 

swallowing, which may indicate that stimulation acted to resist the patients’ natural hyoid 

elevation during swallowing. Even though hyoid bone depression did not increase 

dysphagia signs, this evidence should be considered contradictory to the aims of TNES 

and indicates the possibility of interference of electrical stimulation with hyolaryngeal 

excursion that is required for airway protection during swallowing in patients with 

dysphagia. 

Several other studies used VFSS or FEES with ordinal, non-standardized swallow 

severity scales to determine swallowing severity and improvement after TNES therapy. 

These scales base improvement on ability to safely swallow different consistencies (e.g. 

thin/thick liquid, solids, pudding, etc.) without aspiration, and assign a numeric severity 

score accordingly. Blumenfeld and colleagues (2006) used a swallow severity scale that 

ranged from 0-6, with zero indicating profound level of impairment and six indicating 

normal swallow. While both the traditional swallowing therapy group and TNES group 

showed improvement in swallow severity score after treatment, the TNES group 
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displayed significantly more improvement compared to the traditional swallowing 

therapy group. 

Freed and colleagues (2001) administered a VFSS and used a non-standardized 

swallow function scoring system that ranged from 0-points (profound) to 6-points 

(normal). While both the thermal-tactile stimulation (TS) and the TNES groups showed 

improvement in swallow score, the TNES group had more people with higher final 

swallow scores and 98% showed some improvement. Also, 95% of the TNES group 

experienced successful treatment (defined as starting at swallow score of 0 or 1 and 

achieving swallow score of 2), and were more successful compared to the TS group 

(defined as achieving swallow score of 6).  

Kiger and colleagues (2006) used a VFSS or FEES with a similar ordinal scale 

that rated swallowing severity from 1 (profound) to 7 (normal/minimal). The authors 

calculated change scores from pre- and post-severity ratings. Results showed that the 

traditional swallowing therapy (TST) group exhibited more change in both oral and 

pharyngeal scores; however, results that the TST made more improvements than the 

TNES group were not significant. Diet consistency advancement and progression from 

non-oral to oral intake also were analyzed, but no statistically significant differences in 

outcomes between the two groups were found.  

Shaw and colleagues (2006) used an VFSS or FEES to evaluate and statistically 

analyze pre- and post-therapy rating scale values of the group receiving TNES based on 

six parameters: diet intake, laryngeal elevation, penetration/aspiration, residue severity, 

swallow delay, and overall severity. They also divided the group into lesser and greater 

dysphagia severity ratings according to pre-therapy scores, and compared pre-therapy and 

post-therapy values for the six parameters studied. They found that 61% of the patients 

had improvement in their overall dysphagia score, but that 0% of the severe patients 
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showed improvement. Results also showed that 33% of the group improved enough to no 

longer require a feeding tube after receiving TNES. 

  Another subset of the studies used VFSS and ordinal scales, along with other 

descriptive scales investigating oral intake/weight gain, discomfort, satisfaction with 

TNES, self-evaluation of impairment, nutrition status improvement, and oral motor 

improvement. Two of these studies also examined bolus transit measurements more 

specifically. Gallas and colleagues (2010) used a VFSS to evaluate swallowing function, 

looking specifically at oral transit time, swallow response time, pharyngeal transit time, 

laryngeal closure duration, penetration/aspiration, and pharyngeal stasis. Aspiration was 

scored using the validated Rosenbek eight-point Penetration-Aspiration scale and 

pharyngeal stasis was evaluated on a 5-point scale where zero corresponded to no stasis 

and four to major stasis (Rosenbek et al., 1996). The authors also recorded pharyngeal 

motor evoked potentials. Lastly, they administered the French validated questionnaire, 

which is composed of 30 statements on deglutition-related aspects of daily life related to 

physical, functional, and emotional consequences, according to a 5 point-rating scale 

(Woisard, Andrieux, & Puech, 2006). Results of this study showed a decrease in 

swallowing impairment and nutritional and respiratory consequences according to the 

swallowing scale. Also, following TNES, the VFSS showed that swallowing coordination 

improved with a decrease in swallow response time, and aspiration and residue scores 

also decreased significantly. Lim and colleagues (2006) also used the swallow function 

scoring system, Rosenbek Penetration-Aspiration scale and pharyngeal transit time (PTT) 

by VFSS to help determine if TNES improved swallow function compared to thermal-

tactile stimulation (TTS). They found that patients who received TNES had significantly 

higher score changes on the swallow function scoring system, significantly higher scores 
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on the Pen-Asp scale, and a significantly greater change in PTT compared to the TTS 

group. 

Bulow and colleagues (2008) used several different methods for evaluation. They 

administered a VFSS, focusing on dissociation between oral and pharyngeal stage, 

misdirected swallowing, pharyngeal retention, and width of pharyngeal esophageal 

sphincter (PES). They also used a visual analog scale (VAS) to compare differences 

between pre- and post-treatment, where 0 points = no difficulties and 10 points = 

maximum/unable to swallow. This scale also was used to compare patient’s subjective 

feelings and the objective pharyngeal function recorded by the VFSS. The Actual 

Nutrition Scale (ANS), which ranged from zero to 6 points, was used to compare pre- and 

post-treatment improvements in nutrition. Additionally, the authors administered the oral 

motor function test (OMFT) to determine if the patient had normal OMF (score of 0) or if 

OMF was impossible to perform (score of 4). The results showed that while both the 

TNES and traditional swallowing therapy groups had statistically significant positive 

effects from therapy, there were no statistically significant differences in therapy 

effectiveness between TNES and traditional swallowing therapy groups. Interestingly, the 

subjective improvements experienced with TNES that were displayed by the VAS did not 

correlate to the objective VFSS outcome.  

Permsirivanich and colleagues (2009) measured outcome in patients with 

dysphagia caused by stroke by investigating change in functional oral intake, 

complications related to treatment, and number of therapy sessions. The Functional Oral 

Intake Scale (FOIS) is a 7-point ordinal scale that describes the patient’s report of 

food/liquids safely ingested by mouth on a consistent basis. The authors did not find a 

significant difference in number of therapy sessions between the traditional swallowing 

therapy and TNES groups, nor any complications in either group. However, there was a 
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statistically significant positive change in the FOIS score for the TNES group, which led 

the authors to conclude that TNES is a superior treatment method compared to traditional 

swallowing therapy. 

Leelamanit and colleagues (2002) was the only study that used a VFSS with a 

non-standardized descriptive scale for patients with dysphagia that was caused by 

reduced laryngeal elevation. They defined successful treatment outcome as the ability to 

swallow more than 3 ml of water without aspiration, adequate oral intake with weight 

gain, and improved laryngeal elevation. According to their results, patients with moderate 

and severe dysphagia caused by reduced laryngeal elevation can benefit from TNES 

because it helps to restore normal swallowing function and decreases the incidence of 

nasogastric tube insertion and gastrostomy.  

Suiter and colleagues (2006) were the only study that examined the effects of 

TNES on normal patients by measuring myoelectric muscle activity via surface 

electromyography (sEMG). Results of this study failed to produce evidence that TNES to 

the submental muscles increased myoelectric muscle activity. Therefore, the authors 

suggest that the benefit of TNES to the submental muscles with the goal of improving the 

pharyngeal swallow is not supported.  

The purpose of TNES is to improve swallowing ability through enhancement of 

muscle function during swallowing activity. While several studies reported improvement 

in the overall swallow severity scores, diet upgrade, health status, safe oral intake, and 

even psychosocial aspects, reports of physiological or biomechanical changes were 

usually absent. In fact, the studies that reported more objective measures such as muscle 

activity, hyolaryngeal movement or other biomechanical actions often showed little or no 

positive effects of TNES (Kiger et al., 2006; Ludlow et al., 2007; Suiter et al., 2006). 

Additionally, varying measures used to evaluate improvement across studies may provide 
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general information that TNES can be an effective treatment method for dysphagia 

caused by multiple etiologies; however, a lack of consistency among the studies in what 

constitutes improvement of swallowing function makes applying their findings difficult.  

Studies that measured swallowing improvement based upon improved oral intake/weight 

gain, patient satisfaction/self-rating, nutrition status improvement, and/or oral motor 

improvement are not measuring the effectiveness of TNES as it was intended to be used. 

While all of these aspects are indications of swallowing function improvement, to say 

that TNES is what directly contributed to their improvement is not supportable. Inclusion 

of data that showed if TNES led to enhancement of muscles in the swallowing 

mechanism (elevation of hyoid bone and larynx) would provide more evidence of the 

effectiveness of TNES and better explain how and which biomechanical changes directly 

contributed to the secondary functional gains. There were only three studies that 

investigated the effects of TNES on swallowing muscle function (Humbert et al., 2006; 

Leelamanit et al., 2002; Suiter et al., 2006). Leelamanit and colleagues (2002) found that 

stimulating synchronous contraction of the thyrohyoid muscle by synchronous electrical 

stimulator during swallowing improves dysphagia resulting from reduced laryngeal 

elevation. However, the other two studies found negative effects on the normal swallow 

mechanism. Humbert and colleagues (2006) found significant laryngeal and hyoid 

descent with stimulation at rest and significant reductions in both the larynx and hyoid 

bone peak elevation during stimulated swallows. Because they found reduced 

hyolaryngeal elevation during swallowing with TNES in normal patients, they concluded 

that TNES would reduce elevation during swallowing treatment for individuals with 

dysphagia. Suiter and colleagues (2006) concluded that TNES to the submental muscles 

in normal participants with the goal of improving the pharyngeal swallow was not 

supported because there were no significant gains in myoelectric activity in the submental 
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muscles following TNES. Since little is known about the effects of TNES on specific 

biomechanical aspects of the pharyngeal swallow, the limited availability of this 

information across studies is unfortunate, especially since choosing an appropriate 

treatment protocol that is shaped to each patient is an important part of dysphagia 

treatment. Also, since two of the three studies that examined the physiological effects of 

TNES on the swallowing mechanism found negative results (Humbert et al., 2006; Suiter 

et al., 2006), more research on the physical effects of TNES should be investigated before 

TNES is considered an effective treatment method for dysphagia.  
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Chapter 10: Conclusion 

The use of transcutaneous electrical stimulation for treatment of dysphagia holds 

promise as an effective treatment method, however, empirical evidence in support of this 

treatment paradigm is ambiguous and inconclusive. Current studies lack consistent and 

strong evidence to support the clinical effectiveness of this technique. In particular, many 

scoring systems that have been utilized as outcome measures have lacked validity and 

objectivity. For example, studies that showed positive results of TNES often used non-

blinded subjective outcome measures, or non-validated rating scales (Blumenfeld et al., 

2006; Freed et al., 2001; Leelamanit et al., 2000), while studies that showed little or no 

positive results used blinded and more objective outcome measures such as muscle 

activity, hyolaryngeal movement, or other biomechanical actions (Kiger et al., 2006; 

Ludlow et al., 2007; Suiter et al., 2006). Clearly, more objective information on clinical 

outcomes is needed before TNES can be considered an effective treatment for dysphagia 

management. 

Another problem is related to methodology, which varied significantly between 

studies. Particularly in the of number of electrodes used and placement of electrodes, 

frequency of electrical current administered, length of current and number of sessions 

administered, and the particular muscle groups targeted during treatment. The best 

treatment protocol related to specific populations and outcome measures is vague because 

the research has inconsistent methodology. In addition to the methodological flaws, 

several studies had small sample sizes, participants with varying etiologies that were 

poorly defined, were conducted on subjects with normal swallow function, or participants 

that were much younger than the populations who experience the highest prevalence of 

dysphagia. Such diverse populations make determining specific dysphagia criteria for 
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application of TNES impossible to determine. Without providing more specific 

information describing the biomechanical deficits and how TNES targets these problems, 

positive results are not necessarily helpful in determining the effectiveness of TNES since 

the main principle of dysphagia management is application of appropriate treatment 

techniques based on a patient’s underlying swallow physiology.  

There also is presence of investigator bias, lack of systematic application of 

techniques, and lack of blinding. Many studies failed to include a follow-up period that 

addresses whether patients will experience loss of function once TNES is withdrawn. 

Future studies should specify criteria for inclusion in TNES therapy, include application 

of a detailed and consistent clinical protocol, use standard and accepted outcome 

measures, and systematically follow patients beyond the immediate post-therapy period. 

This type of data from more rigorous and well-designed studies will advance the 

understanding of whether TNES is an effective treatment for dysphagia.  

Without conclusive evidence, the administration of TNES may not be helpful, 

only be successful for certain groups, or may possibly be harmful to swallowing function. 

Positive findings for TNES treatment are encouraging, but negative results show the 

possibility of increased risk of aspiration with hyoid bone lowering. Improved 

understanding of the immediate effects of TNES should be sought in the presence of 

specific types of dysphagia before it is considered effective and applied to a wide range 

of patients.  
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