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INTRODUCTION

Dysphagia is a common disorder associated with a 
large number of etiologies like aging, stroke, trau-
matic brain injury, head and neck cancer, neurode-
generative disorders, structural changes or congenital 
abnormalities1-5. The reported incidence of swallow-
ing disorders is up to 70% in patients post-stroke6,7, 
65% in patients with traumatic brain injury8 and of 
almost 22% in adults over 50 years old9.

The swallowing process can be divided into three 
phases: oral, pharyngeal and esophageal. Either of 
them can be affected and responsible for the installa-
tion of dysphagia. During swallowing, the larynx ele-
vates and protects the upper airways, while the upper 
esophageal sphincter relaxes and opens. It is consid-
ered that the most severe dysphagia appears the mo-
ment laryngeal elevation is reduced or delayed, due 
to the high risk of aspiration10,11.

Taking into consideration that dysphagia is associ-
ated with a high mortality, an increased morbidity 
(malnutrition, dehydration, aspiration), and depen-
dence on feeding tubes, an efficient treatment is nec-
essary. In the literature, a high variety of treatment 

modalities for dysphagia are presented1,10,12. The type 
of the treatment and its results depend on the type, 
severity and the cause of dysphagia. 

The primary goal of dysphagia treatment is to im-
prove the swallowing process and decrease the risk 
of aspiration. Each treatment protocol for swallow-
ing disorders has three important components: res-
titution, compensation, adaptation13. Restitution 
implies the total or partial recovery of swallowing 
and it consists in thermal and/or tactile stimulation, 
mobilization and movement exercises (for the lips, 
the tongue and the larynx). Different swallowing 
manoeuvres, like normal or effortful swallowing, 
Mendelsohn manoeuvre, Masako manoeuvre, supra-
glottic swallowing, or posture changes (head flexion 
or rotation, chin-tuck) are compensatory strategies 
which can improve the existing swallowing func-
tions. An important part of the dysphagia treatment 
is the adaptation of food consistency, chewing time 
to the existing disabilities.

Along with the existing rehabilitation swallowing 
treatments, new adjunctive therapy options devel-
oped, one of them being the neuromuscular electrical 
stimulation.
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THE PRINCIPLES OF NEUROMUSCULAR 
ELECTRICAL STIMULATION

Neuromuscular electrical stimulation (NMES) 
therapy represents the application of an electrical 
current to the periphery of a certain target5. The first 
studies date from the ’90s. In 1996, Freed introduced 
the transcutaneous NMES of the neck in dysphagia 
patients14. One year later, Park et al.15 used a palatal 
prosthesis to deliver an electrical impulse while swal-
lowing. The second study results showed an increase 
in post-stroke swallowing function in almost 50% of 
the studied patients.

From the physiologic point of view, swallowing is a 
complex process that involves the activity and coordi-
nation of no more than 26 muscles and 5 cranial 
nerves. All these anatomical structures are involved 
in at least one of the three phases of swallowing. In 
this context, NMES aims to strengthen the swallow-
ing musculature and avoid muscle atrophy by causing 
contraction, and to stimulate the sensory pathways 
involved in the swallowing process1,5. 

The sensorial threshold is identified at the lowest 
electrical current intensity at which the patient feels a 
tingling sensation on the skin. It was demonstrated 
that this therapeutic stimulation is useful in the long-
term reorganization of the cortex, this process being a 
key in the rehabilitation of the swallowing action16-18. 

The motor threshold is the second step one should 
take when using NMES. The contraction of the muscle 
is used for strengthening the muscles and protecting 
them from fibrosis or atrophy. It is well known that the 
neuromuscular electrical stimulation influences the 
contractions of the type II muscle fibres, which are 
involved in forceful and high-speed contractions10,16,19. 
On the other hand, the type I muscle fibres are acti-
vated by the traditional rehabilitation swallowing ther-
apy. So, one can say that the combination of the two 
treatment methods implies the activation of both mus-
cle fibres types and in this way it may increase the pos-
itive results of the rehabilitation process10,16. From our 
experience, using both NMES and classical exercises 
(head rotation and flexion, chin-tuck, supraglottic 
swallowing, Mendelsohn manoeuvre , Masako ma-
noeuver) gives better results in what the dysphagia 
patients’ recovery is concerned than NMES alone. The 
voluntary muscle contraction associated with the elec-
trical stimulation seems to produce a higher activation 
of the central nervous system than the electrical stimu-
lation alone20. By using corticobulbar motor evoked 
potentials, Doeltgen21 presented better results in those 
patients in whom NMES was associated with voluntary 
muscle contraction, with a persistence of high poten-
tials even one hour after the treatment. 

While performing the combined therapy (NMES 
and voluntary contractions), the so-called motor ad-

aptation/recalibration appears and it can last a long 
time after the cessation of the treatment. When a 
deficit in the hyolaryngeal excursion and/or the lar-
ynx closure is present, the electrical stimulation of 
the muscles responsible for the larynx elevation or 
the closure of the laryngeal vestibule determines a 
motor recalibration, which improves the larynx 
movement during the pharyngeal phase of swallow-
ing22. These phenomena are influenced by the elec-
trodes and their placement.

The electrode placement is very important in 
transcutaneous neuromuscular electrical stimula-
tion. The most important stimulated area is the ante-
rior neck region – the upper submental region and 
the inferior throat region located under the hyoid 
bone. The submental region is the area which lies 
between the mandible and the hyoid bone. When ap-
plying the electrical stimulation, the superficial mus-
cles are first stimulated. As the intensity of the 
stimulus rises, the profound muscular layers will be 
reached. Depending on the region the electrodes are 
placed, different muscle groups are stimulated and 
different swallowing mechanisms are influenced. 

The stimulation of the submental region supports 
the laryngeal elevation during swallowing. The tar-
geted group muscles in this region are: the anterior 
belly of the digastric muscle, which elevates the hyoid 
bone when the teeth are closed, the mylohyoid mus-
cle involved in the raise of the hyoid bone toward the 
mandible, the geniohyoid muscle that is responsible 
for the hyoid anterior and upward movement23. 

In case of infrahyoid muscles electrical stimula-
tion, we refer to the sternohyoid muscle which pulls 
the hyoid bone towards the sternum, the omohyoid 
muscle that is responsible for moving the hyoid later-
ally and downwards, the thyrohyoid muscle involved 
in the larynx elevation23. All these muscles are re-
sponsible for the closure of the vocal folds and for 
lowering the larynx. 

The neuromuscular electrical stimulation can be 
also used on facial muscles which are involved in the 
oral phase of the swallowing process24,25. The facial 
muscles (buccinator, orbicularis oris, risorius) contrib-
ute to mastication, bolus manipulation and formation 
of the intraoral pressure during the oral phase. 

In the literature, many benefits of neuromuscular 
electrical stimulation therapy are described. It was 
shown that NMES can improve swallowing, both sen-
sorial and motor functions, and it can help the pa-
tient gain a better coordination during the swallowing 
process1,26,27. But there are also authors who do not 
present conclusive results in what this therapy is con-
cerned. The main perceived disadvantage of NMES 
is the high cost related to the device and the consum-
ables, followed by the electrode placement and time-
consuming nature of the rehabilitation programme1.
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PRO AND CONS OF NMES 

In the literature, there are several studies analys-
ing the effect of neuromuscular electrical stimulation 
in treating dysphagia patients.

Some studies sustain the positive effect of the 
swallowing rehabilitation by using NMES10,13,20,28-32. 
Ludlow et al.28, in a study conducted in 2007 on 11 
patients with pharyngeal dysphagia of different eti-
ologies, reported a decrease in aspiration phenom-
ena and penetration after electrical stimulation, by 
measuring with videofluoroscopy the hyoid move-
ment and the subglottic air column position. They 
used for the stimulation the VitalStim® device, on 
both maximum tolerated intensity level and lowest 
sensory level. Also by using VitalStim® therapy on 
patients with chronic dysphagia of different etiolo-
gies, Carnaby-Man and Crary showed an improve-
ment in the swallowing ability and the functional 
oral intake29. The first two studies had no control 
group included. If we take into consideration this 
aspect, in 2009, Lim et al.30 evaluated the effect of 
neuromuscular electrical stimulation on patients 
with dysphagia post-stroke. They compared the ef-
fect of electrical stimulation with VitalStim® (using 
the sensory threshold) combined with thermal-tac-
tile stimulation, with the effect of thermal-tactile 
stimulation only. The results suggested that the 
combined therapy presents better results than ther-
mal-tactile stimulation alone. 

In a study performed in 2011, Verin et al.31 evalu-
ated the achievement of submental sensitive transcu-
taneous electrical stimulation applied during 
swallowing in patients with chronic neurologic disor-
ders. After a six-week treatment, the swallowing coor-
dination improved and the aspiration decreased.

Evaluating the effect of motor electrical stimula-
tion versus sensory electrical stimulation, Park et al.32 
combined each stimulation type with effortful swal-
lowing in a randomized controlled study in patients 
with post-stroke dysphagia. The results showed a sig-
nificant increase in the displacement of the larynx 
(p<0.05), in the vertical displacement of the hyoid 
bone and the width of the upper esophageal sphinc-
ter (p=0.066) in the experimental group (effortful 
swallow combined with motor electrical stimulation) 
and no increase in the control group (effortful swal-
low and sensory electrical stimulation).

In a study performed on healthy subjects, Watts et 
al.20 present the effect of NMES on the laryngeal ves-
tibule closure. Associating dry swallows with subman-
dibular muscle electrical stimulation, the authors 
indicate a significant effect of stimulation on the la-
ryngeal vestibule closure reaction time and duration 
after the stimulation compared with pre-stimulation 
measurements.

There are also many studies presenting a negative 
effect of neuromuscular electrical stimulation or no 
significant difference between electrical stimulation 
therapy and traditional dysphagia treatment13,33-37. 
Studying the effect of surface electrical stimulation in 
normal volunteers, with the placement of different 
electrodes, Humbert et al.33 concluded that surface 
stimulation “would not be an acceptable alternative 
to the more invasive intramuscular stimulation for 
enhancing the hyolaryngeal elevation in dysphagia”. 
Evaluating the effect of NMES on the submental mus-
cle activity in patients with pharyngeal dysphagia, 
Suiter et al.34 stated that the benefit of this therapy is 
not supported. 

Comparing the therapeutic effects of electrical 
stimulation with those of conventional dysphagia 
management, Boem et al.35 demonstrated no signifi-
cant difference between the two patient groups in 
what the videofluoroscopic dysphagia scores and the 
ASHA level are concerned. In 2012, Heijnen et al.36 
evaluated the quality of life in patients with Parkin-
son’s disease after neuromuscular electrical stimula-
tion versus traditional therapy. They randomly 
formed three patient groups: one group received 
traditional logopedic dysphagia treatment, the sec-
ond and the third group received traditional therapy 
combined with sensor, respectively motor electrical 
stimulation. At the end of the treatment, a significant 
improvement in Dysphagia Severity Scale scores was 
seen in all groups and restricted improvements in pa-
tients’ quality of life. But, there was no significant dif-
ference between the three groups.

Following the same idea, Kiger et al.37 compared 
the outcomes using VitalStim® therapy versus tradi-
tional swallowing therapy. They used two groups – 
the experimental group that received VitalStim® 
therapy and the control group that received tradi-
tional therapy. The analysed parameters were rep-
resented by changes in the oral and pharyngeal 
phase, dysphagia severity, dietary restrictions, pro-
gression from non-oral to oral intake. The results 
showed no statistically differences between the two 
therapies outcomes.

OUR EXPERIENCE

Starting from October 2017, we have been using in 
our clinic the transcutaneous neuromuscular electri-
cal stimulation for the rehabilitation of dysphagia pa-
tients and facial nerve palsy. In Romania, the ENT 
Sarafoleanu Medical Clinic from Bucharest has the 
first otorhinolaryngological medical team who per-
forms NMES in patients with different grades and 
causes of dysphagia. 

The rehabilitation therapy is performed by using 
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the VitalStim® Plus Electrotherapy System (Chatta-
nooga Group, Chattanooga, TN, USA), a 2-channel 
surface electromyography (sEMG) and 4-channel elec-
trotherapy (Figure 1). 

The therapy protocol is in accordance with the indi-
cations offered by the developers of the technique10,38. 
The electrode placement depends on the swallowing 
deficits of each patient and can involve only 2 channels 
of all 4. According to the certification course and train-
ing manual, the number of sessions after which patients 
can see good results of the therapy stands between 5 
and 12, 1 hour/session/day, 5 days/week10,38. In Roma-
nia, the costs of this kind of therapy are not supported 
by the health insurance, the consequence being a high 
cost of the treatment. For these economical reasons, till 
now we performed for each patient 4 therapy sessions, 
1 hour/day, 4 consecutive weeks, with good results. The 
protocol consists in VitalStim® therapy, manual control 
mode, phase duration 300μs, frequency 80pps, ramp 
time 0.5 seconds, the stimulation being at the motor 
thresholds. We can also use sEMG work / rest assess-
ment for evaluating the patient progress.

Each patient with swallowing disorders is evaluated 
by performing a flexible laryngeal endoscopy to evalu-
ate the local status, the existence of associated pathol-
ogy like vocal fold paresis or hypotonic pharyngeal 
wall, the presence of endolaryngeal penetration and 
aspiration, salivary stasis. 

The pretreatment evaluation consists also in the 
evaluation of patients’ dietary status, aspiration pres-
ence, swallowing delay, laryngeal elevation, and sub-

jectively by using the Functional Oral Intake Scale 
(FOIS) for the diet, the Eating Assessment Tool (EAT-
10) to assess the swallowing difficulties.

In all patients we use combined therapy – neuro-
muscular electrical stimulation and voluntary con-
tractions during the session (water and food 
ingestion, Masako manoeuvre, supraglottic swallow-
ing), home exercises.

We present the preliminary outcomes of NMES 
therapy in patients with pharyngeal dysphagia of dif-
ferent etiologies and severity grades. For this, the pa-
tients were included in distinctive categories: 
dysphagia secondary to neurosurgical interventions 
(e.g. vagus nerve schwannoma surgery, glomus jugu-
lare tumor surgery), dysphagia secondary to neuro-
logic disorders (Parkinson’s disease, amyotrophic 
lateral sclerosis, post stroke), dysphagia secondary to 
autoimmune diseases (like Sjogren’s syndrome, poly-
neuropathy), dysphagia secondary to ENT surgery, 
dysphagia secondary to radiotherapy.

Before the treatment, dysphagia was associated with 
the sensation of food sticking in the throat, post-inges-
tion cough, aspiration and penetration phenomena. 
There were cases in which dysphonia was present, due 
to a vocal fold paralysis, or facial nerve palsy. 

The flexible laryngeal endoscopy revealed salivary 
stasis at the level of the pyriform sinuses and/or val-
lecula, endolaryngeal penetration and aspiration and, 
in postradiotherapy cases, edema of the arytenoids 
and interarytenoid mucosa.

The initial FOIS scores varied between 4 (total oral 

Figure 1  VitalStim® Plus Electrotherapy System (Chattanooga Group, Chattanooga, TN, USA), a 2-channel surface electromy-
ography (sEMG) and 4-channel electrotherapy.
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Figure 3  4a and 3 b electrode placement in a patient with dysphagia and left facial nerve paresis.

Figure 4  The 4a electrode placement graph according to the device software38.

Figure 2  The 3b electrode placement (a. on a patient; b. electrode placement graph according to the device software38.
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intake of a single consistency) and 6 (total oral intake 
with no special preparation but must avoid specific 
foods or liquid items), and the EAT-10 scores be-
tween 8 and 34.

The swallowing rehabilitation therapy consisted in 
4 sessions, 60 minutes/session, one session per week, 
of VitalStim® stimulation. We used two or four stimula-
tion channels. The electrodes were placed in accor-
dance with the 3b placement (Figure 2) or a 
combination of 3b and 4a (Figure 3). For the 3b place-
ment, the first electrode pair was placed in the sub-
mental region stimulating the anterior belly of the 
digastric muscle, the geniohyoid and the mylohyoid 
muscles. The submental electrode can be used for 
sEMG. The second electrode pair was placed over the 
thyroid to stimulate the infrahyoid muscles. 

The 4a position implies two electrodes on each buc-
cal branch of the facial nerve (right, respectively the 
left one), for the stimulation of the orbicular oris, buc-
cinator muscles (Figure 4). 

The stimulation threshold intensity varied between 
4mA and 11mA.

After 4 sessions of NMES swallowing rehabilitation 
and home exercises, the patients related an improve-
ment in the swallowing process and coordination, less 
or no coughing episodes after food ingestion, a de-
crease in the sensation of food stuck in the throat. A 
change in dietary consistency and variability was also 
present – the Functional Oral Intake Scale scores var-
ied between 5 (total oral intake of multiple consisten-
cies requiring special preparation) and 7 (total oral 
intake with no restriction).

The fiberoptic laryngeal examination revealed a sig-
nificant reduction or absence of the salivary stasis and 
the endolaryngeal penetration and aspiration. There 
was no change in the vocal fold paresis, but with a 
good compensation by the normal movement of the 
contralateral vocal fold.

The EAT-10 presented an important decrease, the 
score variyng between 4 and 20.

The therapy progression was also demonstrated by 
the sEMG rest/work assessment (Figure 5). In those 
cases with dysphagia secondary to neurologic pathol-
ogy, like amyotrophic lateral sclerosis and Parkinson’s 
disease, the assessment showed an increase in work – 
swallowing efficiency and coordination, and an in-
crease in the delay onset of swallowing, which can be 
attributed to the natural evolution of the neurologic 
disorder (Figure 6, Figure 7). 

CONCLUSIONS

Even if our experience in using transcutaneous 
neuromuscular electrical stimulation in the swallow-
ing rehabilitation is limited till now, we can state that 

this new therapy in an important and efficient tool in 
helping dysphagia patients. 

The positive results depend on the severity and the 
causes of dysphagia. We sustain the idea that more 
than four therapy sessions are needed in moderate 
and severe cases. 

As described in the literature, we also confirm that 
the combined therapy – NMES and voluntary contrac-
tions – brings the best results in treating dysphagia 
patients. The association of home exercises can be the 
key for the positive results in the swallowing rehabilita-
tion process.

Conflict of interest: The authors have no con-
flict of interest. 

Contribution of authors: All authors have 
equally contributed to this work.

REFERENCES

1. Shune S, Moon JB. Neuromuscular electrical stimulation in dysphagia man-

agement: clinician use and perceived barriers. Contemporary Issues in Com-

munication Science and Disorders. 2012;39:55-68.

2. Ashford J, McCabe D, Wheeler-Hegland K, Frymark T, Mullen R, Musson N, 

et al. Evidence-based systematic review: Oropharyngeal disphagia behavioral 

treatments. Part III – Impact of dysphagia treatments on populations with 

neurological disorders. J Rehab Res Develop. 2009;46(2):195-204.

3. Huckabee ML, Doeltgen S. Emerging modalities in dysphagia rehabilitation: 

Neuromuscular electrical stimulation. The New Zeeland medical Journal. 

2007;120(1263):U2744.

4. McCabe D, Ashford J, Wheeler-Hegland K, Frymark T, Mullen R, Musson N, 

et al. Evidence-based systematic review: Oropharyngeal dysphagia behavioral 

treatments. Part IV – Impact of dysphagia on individuals’post-cancer treat-

ment. J Rehab Develop. 2009;46(2):205-14.

5. Ding R, Ma F. Effectiveness of neuromuscular electrical stimulation on dyspha-

gia treatment in patients with neurological impairments – a systematic review 

ant meta-analysis. Ann Otolaryngol Rhinol. 2016;3(12):1151. 

6. Mann G, Hankey GJ, Cameron D. Swallowing function after stroke: prognosis 

and prognostic factors at 6 months. Stroke. 1999;30:744-8.

7. Terre R, Mearin F. Resolution of tracheal aspiration after the acute phase of 

stroke-related oropharyngeal dysphagia. Am J Gastroenterol. 2009;104:923-32.

8. Terre R, Mearin F. Prospective evaluation of oro-pharyngeal dysphagia after 

severe traumatic brain injury. Brain Inj. 2007;21:1411-7.

9. Lindgern S, Janzon L. Prevalence of swallowing complaints and clinical find-

ings among 50-70 year old men and women in an urban population. Dyspha-

gia. 1991;6:187-192.

10. Shaw GY, Sechtem PR, Searl J, Keller K, Rawi TA, Dowdy E. Transcutaneous 

neuromuscular electrical stimulation (VitalStim) curative therapy for severe 

dysphgia: myth or reality? Annals of Otology, Rhinology & Laryngology. 

2007;116(1):36-44.

11. Burnett TA, Mann EA, Cornell SA, Ludlow CL. Laryngeal elevation achieved 

by neuromuscular stimulation at rest. J Appl Physiol. 2003;94:128-34.

12. Permisirivanich W, Tipchatyotin S, Wongchai V, Leelamanit V, Setthawatchar-

awanich S, Sathirapanya P, et al. Comparing effects of rehabilitation swallow-

ing therapy vs. neuromuscular electrical stimulation therapy among stroke 

patients with persistent pharyngeal dysphagia: A randomized controlled study. 

J Med Assoc Thai. 2009;92(2):259-65.

13. Miller S, Jungheim M, Kuhn D, Ptok M. Electrical stimulation in treatment of 



Sarafoleanu et al   Preliminary outcomes in transcutaneous neuromuscular electrical stimulation use in patients with dysphagia 173

Figure 5  sEMG rest/work assessment – improvement in swallowing timing and coordination.

Figure 6  sEMG work/rest assessment results in dysphagia associated with amyotrophic lateral sclerosis – delay in deglutition onset, an improvement in the 
swallowing duration.

Figure 7  sEMG work/rest assessment in dysphagia associated with Parkinson’s disease – delay in deglutition onset, improvement in swallowing timing.



174 Romanian Journal of Rhinology, Volume 8, No. 31, July - September 2018

pharyngolaryngeal dysfunctions. Folia Phoniatr Logop. 2013;65:154-68. DOI: 

10.1159/000355562.

14. Freed M, Christian MO, Beytas EM, Tucker H, Kotton B. Electrical stimulation 

of the neck: a new effective treatment for dysphagia [Abstract]. Dysphagia. 

1996;11-159.

15. Park CL, O’Neill PA, Martin DF. A pilot exploratory study of oral electrical 

stimulation on swallowing function following stroke: an innovative technique. 

Dysphagia. 1997;12:161-6.

16. Poorjavad M, Moghadam ST, Ansari NN, Daemi M. Surface electrical stimula-

tion for treating swallowing disorders after stroke: A review of the stimulation 

intensity levels and the electrode placement. Stroke Research and Treatment. 

2014;918057. DOI: http://dx.doi.org/10.1155/2014/918057.

17. Hamdy S, Rothwell JC, Aziz Q, Singh KD, Thompson DG. Long-term reorga-

nization of human motor cortex driven by short-term sensory stimulation. J 

Neurophys. 1998;1(1):64-8.

18. Hamdy S, Rothwell JC, Aziz Q, Thompson DG. Organization and reorganiza-

tion of human swallowing motor cortex: implications for recovery after stroke. 

Clinical Science. 2000;99(2):151-7.

19. Stal P. Characterization of human oro-facial and masticatory muscles with re-

spect to fibres types, myosins and capillaries. Morphological, enzyme-histo-

chemical, immune-histochemical and biochemical investigations. Swed Dent 

J Suppl. 1994;98.

20. Watts C, Dumican M. The effect of transcutaneous neuromuscular electrical 

stimulation on laryngeal vestibule closure timing in swallowing. BMC Ear, 

Nose and Throat Disorders. 2018;18:5. DOI: https://doi.org/10.1186/s12901-

018-0054-3.

21. Doeltgen SH, Dalrymple-Alford J, Ridding MC, Huckabee ML. Differential 

effects of neuromuscular electrical stimulation parameters on submental 

motor-evoked potentials. Neurorehabil Neural Repair. 2010;24:519-27.

22. Humbert IA, Christopherson H, Lokhande A, German R, Gonzalez-Fernan-

dez M, Celnik P. Human hypo-laryngeal movements show adaptive motor 

learning during swallowing. Dysphagia. 2013;28(2):139-45.

23. Ludlow CL. Electrical neuromuscular stimulation in dysphagia: current status. 

Curr Opin Otolaryngol Head Neck Surg. 2010;18:159-64.

24. Wang JS, Lee JH, Kim NJ. Effects of neuromuscular electrical stimulation on 

masticatory muscles in elderly stroke patients. J Phys Ther Sci. 2015;27(9):2767-

70. DOI: 10.1589/jpts.27.2767.

25. Choi JB. Effect of neuromuscular electrical stimulation on facial muscle 

strength and oral function in stroke patients with facial palsy. J Phys Ther Sci. 

2016;28(9):2541-3. DOI: 10.1589/jpts.28.2541.

26. Carnaby-Mann GD, Crary MA. Examining the evidence on neuromuscular 

electrical stimulation for swallowing: a meta-analysis. Arch Otolaryngol Head 

Neck Surg. 2007;133(6):564-71.

27. Ryu JS, Kang JY, Park JY, Nam SY, Choi SH, Roh JL, et al. The effect of electri-

cal stimulation therapy on dysphagia following treatment for head and neck 

cancer. Oral Oncology. 2009;45:665-8.

28. Ludlow CL, Humbert I, Saxon K, et al. Effects of surface electrical stimulation 

both at rest and during swallowing in chronic pharyngeal dysphagia. Dyspha-

gia. 2007;22:1-10.

29. Carnaby-Mann GD, Crary MA. Adjumctive neuromuscular electrical stimula-

tion for treatment-refractory dysphagia. Ann Otol Rhinol Laryngol. 

2008;117(4):279-87.

30. Lim KB, Lee HJ, Lim SS, Choi YI. Neuromuscular electrical and thermal-tac-

tile stimulation for dysphagia caused by stroke: a randomized controlled trial. 

H Rehabil Med. 2009;41(3):174-8. DOI: 10.2340/16501977-0317.

31. Verin E, Maltete D, Ouahchi Y, Marie JP, Hannequin D, Massardier EG, et al. 

Submental sensitive transcutaneous electrical stimulation (SSTES) at home in 

neurogenic oropharyngeal dysphagia: a pilot study. Ann Phys Rehabil Med. 

2011;54(6):366-75. DOI: 10.1016/j.rehab.2011.07.003. Epub 2011 Aug 17.

32. Park JW, Kim Y, Oh JC, Lee HJ. Effortful swallowing training combined with 

electrical stimulation in post-stroke dysphagia: a randomized controlled study. 

Dysphagia. 2012;27(4):521-7. DOI: 10.1007/s00455-012-9403-3. Epub 2012 

Mar 24.

33. Humbert IA, Poletto CJ, Saxon KG, Kearney PR, Crujido L, Wright-Harp W, 

et al. The effect of surface electrical stimulation on hyo-laryngeal movement 

in normal individuals at rest and during swallowing. J Appl Physiol. 

2006;101(6):1657-63. DOI: 10.1152/japplphysiol.00348.2006.

34. Suiter DM, Leder SB, Ruark JL. Effects of neuromuscular electrical stimula-

tion on submental muscle activity. Dysphagia. 2006;21(1):56-60.

35. Boem J, Kim SJ, Han TR. Electrical stimulation of the suprahyoid muscles in 

brain-injured patients with dysphagia: a pilot study. Ann Rehabil Med. 

2011;35(3):322-7. DOI: 10.5535/arm.2011.35.3.322. Epub 2011 Jun 30.

36. Heijnen BJ, Speyer R, Baijens LW, Bogaardt HC. Neuromuscular electrical 

stimulation versus traditional therapy in patients with Parkinson’s disease and 

oropharyngeal dysphagia: effects on quality of life. Dysphagia. 2012;27(3):336-

45. DOI: 10.1007/s00455-011-9371-z. Epub 2011 Nov 13.

37. Kiger M, Brown CS, Watkins L. Dysphagia management: an analysis of patients 

outcomes using VitalStim therapy compared to traditional swallowing therapy. 

Dysphagia. 2006;21(4):243-53.

38. Freed M, Wijting Y. Training manual for patients assessment and treatment 

using VitalStim electrical stimulation. CIAO Seminars, Gulf Breeze, Fla, De-

cember 2004.




