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Objective: The aim of this study was to assess the effective-
ness of neuromuscular electrical stimulation in patients with 
dysphagia caused by stroke.
Methods: Thirty-six subjects were randomized into experi-
mental and control groups. The control group was given 
thermal-tactile stimulation treatment only, while in the ex-
perimental group neuromuscular electrical stimulation and 
thermal-tactile stimulation treatments were applied simul-
taneously. Swallowing function was assessed before and 4 
weeks after treatment, and evaluated via the swallow func-
tion scoring system, penetration-aspiration scale, and pha-
ryngeal transit time. In addition, the discomfort score dur-
ing the treatments and the satisfaction score 4 weeks after 
the treatments were measured.
Results: Twenty-eight persons with dysphagia completed 
the study, 16 in the experimental group and 12 in the con-
trol group. Both groups showed improvement, but the ex-
perimental group showed more significant improvement in 
the swallow function scoring system, penetration-aspiration 
scale and pharyngeal transit time than the control group. 
The patient’s discomfort score did not show statistically sig-
nificant differences in either group, but the satisfactory score 
was higher in the experimental group. 
Conclusion: The results suggest that neuromuscular electri-
cal stimulation combined with thermal-tactile stimulation is 
a better treatment for patients with swallowing disorders af-
ter stroke than thermal-tactile stimulation alone.
Key words: swallowing, dysphagia, stroke, neuromuscular elec-
trical stimulation.
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INTRODUCTION

Swallowing is initiated by the cerebral cortex and effected by 
the brainstem swallowing centre (1). Although not all brain in-
juries affect areas involved in steering the swallowing process, 
many brain injuries, such as from a stroke, disrupt the normal 
physiology of swallowing, leaving the airway vulnerable to 

the entry of food into the lungs (aspiration) (2). Dysphagia 
occurs in 45–65% of patients after acute stroke (3), it is the 
most significant risk factor for the development of pneumonia 
and can delay the patient’s functional recovery (4). Pneumonia 
accounts for approximately 34% of all stroke-related deaths 
and is the third-highest cause of death during the first month 
after stroke, although not all these pneumonias are caused by 
aspiration of food following attempted eating (4, 5). Therefore, 
detecting and managing dysphagia as early as possible is criti-
cal among patients after stroke. 

Oropharyngeal motor dysfunction is an important cause of 
swallowing disorder after stroke (6). In addition, it has been 
claimed that pharyngeal sensory impairment is common after 
acute stroke and that such impairment is associated with an 
increased risk of aspiration and aspiration pneumonia (7). Re-
covery from dysphagia secondary to stroke is not guaranteed. 
As a result, a variety of treatments have been developed for 
improving stroke patient’s ability to swallow safely, and per-
haps even sufficiently to allow a return to completely normal 
eating and drinking. A common method in clinical practice is 
thermal-tactile stimulation (TTS), which involves stroking or 
rubbing the anterior faucial pillars with a cold probe prior to 
having the patient swallow. It is hypothesized that the touch 
and cold stimulation increases “oral awareness” and provides 
“an alerting sensory stimulus to the cortex and brainstem, such 
that, when the patient initiates the oral stage of swallow, the 
pharyngeal swallow will trigger more rapidly” (8). 

Electrical stimulation has been reported as a treatment for 
pharyngeal dysphagia in a few recent studies. Neuromuscu-
lar electrical stimulation (NMES) uses surface electrodes to 
deliver electrical stimulation to muscles causing muscle con-
tractions by depolarization of nerve fibres within the region 
of application. Freed et al. (9) compared the effectiveness of 
NMES therapy with that of TTS therapy. Both groups made 
improvements in swallow function, but those in the NMES 
group reported greater and longer-lasting benefits. Leelamanit 
et al. (10) used NMES to stimulate the thyrohyoid muscle, with 
the goal of improving laryngeal elevation in 23 patients with 
reduced laryngeal elevation dysphagia, and patients showed 
improvement in the swallowing function after NMES therapy. 
However, Power et al. (11) assessed the effects of oral stimula-
tion at the faucial pillar on measures of swallowing and aspi-
ration in patients after stroke with dysphagia and reported no 
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evidence for functional change in swallowing physiology after 
faucial pillar stimulation. As mentioned above, the efficacy of 
NMES in treating dysphagia is currently under debate. The 
aim of this study was to assess NMES stimulation in patients 
with dysphagia caused by stroke. 

METHODS
Subjects 
Thirty-six patients with a diagnosis of dysphagia after stroke, who were 
admitted to Ilsan Paik Hospital from February 2005 to July 2006 and 
who consented to participate, were enrolled in the study. Participant 
selection criteria included primary diagnosis of stroke with magnetic 
resonance imaging (MRI) or computerized tomography (CT) scans, 
confirmation of swallowing disorder by videofluoroscopy, a score of 
21 or greater on the Mini-Mental State Examination (MMSE), and that 
they were medically stable at the time of the study. 

Exclusion criteria included the inability to receive the treatment for 
1 h, a neurological disease other than stroke, a combined behavioural 
disorder that interfered with administration of therapy, current illness or 
upper gastrointestinal disease, and an inability to give informed consent 
because of cognitive impairment or receptive aphasia. The subjects gave 
their informed consent to participation before starting the study. 

Procedures 
Subjects were divided into 2 groups according to the order of enrol-
ment in the study following admission to the rehabilitation depart-
ment. The subjects in the experimental group were given NMES and 
TTS treatment simultaneously, while those in the control group were 
treated with TTS alone. 

Electrical stimulation treatment. Electrical stimulation was applied by 
an occupational therapist, using a modified hand-held battery-powered 
electrical stimulator (VitalStim® Dual Channel Unit and electrodes, 
Chattanooga Group, Hixson, TN, USA). The skin of the anterior 
neck was prepared with 70% isopropyl alcohol cotton. Two sets of 
electrodes were used. The top set was placed in the submental region 
between the anterior belly of the digastric muscle and hyoid bone, 
and the hyoid bone and thyroid cartilage. The bottom set was placed 
on the skin between the thyroid cartilage and cricoid cartilage and 
below the cricoid cartilage (Fig. 1). Through this method, we could 
stimulate the muscles needed for swallowing, such as the digastric 
muscle, myohyoid muscle, and thyrohyoid muscle. 

NMES carries possible risks, including laryngospasm, arrhythmia, 
hypotension, glottic closure, and burns. We explained the possible ad-
verse effects to the patients before treatment, and we closely observed 
and recorded every treatment session. 

After familiarizing the participant with the device, we identified 
the sensory threshold as the lowest current level at which the par-
ticipant reported a “tingling” sensation on the skin. The amplitude 
of the electrical current level was approximately 7 mA. The therapy 
sessions were for 1 h at a frequency of 5 per week. The VitalStim® 
device cycles automatically from “on” to “off” to “on” again for 1 sec 
every min. Because the change in stimulation is ramped, this cycling 
process takes up to 4 sec. 

Thermal-tactile stimulation treatment. The TTS procedures were 
standardized and conducted by a co-operating occupational therapist 
(12). An occupational therapist used the standard method for TTS. A 
cold mirror (size 00) was used to stimulate the oral cavity and an ice 
stick was used to stimulate the side of the face. Rubbing was carried out 
firmly, but not so as to cause discomfort. The rubbing extended from 
as low on the faucial pillar as it was possible to reach, and as high as 
possible, with no effort made to avoid the tongue. Subjects were asked 
periodically if they could feel the cold and if it was uncomfortable. 
They were also instructed to report discomfort as soon as it occurred. 
Five trials were carried out per week. Therapy sessions for electrical 
stimulation treatment were the same. 

Assessment. Each patient’s swallowing was assessed using 3 systems; 
the swallow function scoring system (9), Rosenbek penetration-
 aspiration scale (13), and pharyngeal transit time by videofluoroscopic 
imaging, at baseline and after the 4 weeks of treatment. 

Discomfort during the treatments was measured using the discomfort 
score, which was assessed like pain scoring using a visual analogue 
scale. In addition, we measured the subjective satisfaction of the pa-
tients after the 4-week treatment session using the satisfactory score, 
which was assessed with 10-point scales from 1 to 10 point. A higher 
score indicates greater satisfaction. The tube-feeding ratio in the 2 
groups was assessed before and after this study. 

The swallow function scoring system was previously developed and 
validated as a 7-point scale that describes the severity of swallowing 
function (Appendix I). The penetration-aspiration scale is an 8-point 
scale that measures selected aspects of penetration and aspiration, 
conveying depth of airway invasion and whether material entering the 
airway is expelled (Appendix II). Standardized videofluoroscopic swal-
lowing examinations using 10 ml semi-solid and liquid boluses were 
taken. Pharyngeal transit time (PTT) was defined as the interval (in sec) 
between the first frame showing the arrival of the bolus head at the trigger 
point and the last frame showing the tail of the bolus  passing through 
the upper oesophageal sphincter, although the trigger point differs ac-
cording to the type of bolus or age of the subject. To preserve patient 
safety, testing was discontinued if a subject aspirated a large amount of 
boluses without successfully clearing them from the airway. 

A well-trained physiatrist was blinded during this study period 
by the way of not being informed about this study and grouping of 

Fig. 1. (A) The VitalStim® equipment. 
(B) Both VitalStim® and thermal-
tactile stimulation are applied to the 
stroke-related dysphagia patient.
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the patients. He performed the videofluoroscopic examination and 
measured the PTT as well as the swallow function scoring system and 
Rosenbek penetration-aspiration scale.

Data analysis
The Mann-Whitney U test was used to compare variables between 
experimental and control groups and the Wilcoxon signed-rank test 
was used to compare variables before and after treatment in the same 
group. Analyses were performed using SPSS 10.0 version software 
and statistical significance was set at p < 0.05. 

RESULTS

Subjects 
Thirty-six patients with post-stroke dysphagia were enrolled 
in this study over the 2-year study period, but only 28 patients 
completed the study (16 in the experimental group and 12 in 
the control group). The main cause of not completing the study 
was early transfer to other hospital. 

The mean age of the experimental group was 67.8 years, with 
14 men and 2 women. The mean age of the control group was 
60.8 years, with 10 men and 2 women. The experimental group 
was thus older than the control group; however, gender distri-
bution, affected hemisphere, stroke type, location of lesion, 
months to study from onset, and previous treatment history of 
aspiration pneumonia were similar in the 2 groups (Table I). 

During both treatments, the patient’s discomfort score did 
not show any statistically significant difference. However, the 
satisfactory score was significantly higher in the experimental 
group (Table II).

Swallowing measures
In the assessment of swallow function scores, there was no 
difference between the 2 groups at initial evaluation. After each 

treatment was applied, the median values of swallow function 
score changed significantly; from 2 to 4, in the experimental 
group (p < 0.05), and from 3 to 4 in the control group (not 
significant). Regarding the difference between the initial and 
final swallow function score, patients in the experimental 
group had significantly higher score changes than those in the 
control group (Table II). 

The penetration-aspiration scale improved significantly 
in the experimental group after treatment; from 5.5 to 2.5 
in the test for semi-solids (p < 0.05), and from 7 to 5 for 
liquids (p < 0.05). In the control group a slight improvement 
was shown in both test materials, but not to any significant 
degree. Regarding the difference between the initial and final  
penetration-aspiration scales, patients in the experimental group 
had significantly higher scores; 2 in semi-solid (p < 0.05) and  
2.5 in liquid (p < 0.05) than those in the control group  
(Table III). 

The overall PTT was significantly lower; 0.86 sec in 
semi-solid (p < 0.05) and 0.86 sec in liquid (p < 0.05), 
and the change in time was significantly greater after 
treatment in the experimental group; 0.11 in semi-solid 
(p < 0.05) and 0.10 than in the control group (p < 0.05)  
(Table IV). 

The tube-feeding cases were 12 out of 16 patients in the 
experimental group, 7 out of 12 patients in the control group 
before the experiment. There were 6 patients who progressed 

Table I. General characteristics of the subjects

Characteristics

Experimental 
group 
(n = 16)

Control 
group 
(n = 12)

Age, years, mean (SD) 67.8 (8.1) 60.8 (12.3)
Gender, men/women, n 14/2 10/2
Aetiology, n
Cerebral infarction 10 8
Cerebral haemorrhage 6 3
Subarachnoid haemorrhage 0 1

Location of lesion, n
Basal ganglia or thalamus 12 8
MCA territories 2 2
Brainstem 2 2

Side of lesion, n 
Right 8 6
Left 7 5
Both 1 1

Months from onset, n
< 6 months 13 9
> 6 months 3 3

Previous treatment history of aspiration 
pneumonia, present/absent 10/6 9/3

SD: standard deviation; MCA: middle cerebral artery.

Table II. Median discomfort scores, satisfactory scores and swallow 
function scores on treatment

Experimental 
group

Control 
group

Discomfort and satisfactory scores
Discomfort scores 2 1
Satisfactory scores 7* 3

Swallow scores
Initial swallow scores 2 3
Final swallow scores 4† 4

Difference in scores after the treatment 2* 0

†p < 0.05 by Wilcoxon signed-rank test between initial and final scores 
in the same group.
*p < 0.05 by Mann-Whitney U test between experimental and control 
groups.

Table III. Penetration-aspiration scale (PAS) scores before and after 
the treatment given as median values

Experimental 
group Control group

Semi-
solid Liquid

Semi-
solid Liquid

Initial PAS scores 5.5 7 3.5 7
Final PAS scores 2.5† 5*† 4 6.5
Difference after the treatment 2* 2.5* 0 0

†p < 0.05 by Wilcoxon signed-rank test between initial score and the 
final in the same group.
*p < 0.05 by Mann-Whitney U test between the experimental and 
control groups.
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to oral feeding out of the 12 tube-fed patients in the experi-
mental group, while only one of the 7 tube-fed patients in the 
control group did so. 

NMES carries possible risks, including laryngospasm,  
arrhythmia, hypotension, glottic closure, and burns. However, 
no adverse effects were observed during the study period us-
ing NMES. 

DISCUSSION

The aim of this study was to assess the NMES treatment and 
compare this with TTS treatment alone. The use of electrical 
stimulation in treating dysphagia was first reported by Park et 
al. (14). They used oral electrical stimulation to enhance the 
afferent arm of the swallow reflex in patients after stroke with 
dysphagia associated with delayed initiation of swallowing. 
On the other hand, Freed et al. (9) used the VitalStim® method 
specifically to increase muscular contractile forces. However, 
they did not provide any experimental control and this research 
has been criticized accordingly. Although the method used in 
our study, in which electrical stimulation was used to stimulate 
the contraction of swallowing-associated muscles, is similar 
to that in the study by Freed et al. (9), our study includes 
experimental control. Our results show that the NMES treat-
ment with TTS has a better effect on improving swallowing 
or aspiration severity than does TTS alone. In addition, the 
electrical stimulation showed better satisfaction than TTS, as 
well as no significant discomfort. 

The swallowing process involves a complex pattern of 
sequential motor contractions modulated by afferent stimuli 
to the brainstem swallowing centre. In detail, the swallowing 
centre is located within the brainstem, and the cortex has a role 
in modulating the reflex on a bolus to bolus basis. In addition, 
swallowing is a sequential, semi-automatic contraction and 
relaxation of the 55 muscles of the oropharyngeal, laryngeal 
and oesophageal regions, 6 cranial nerves, and 2 cervical nerve 
roots, which are unique and specific for each individual. The 
swallow is primarily controlled in the brainstem, but sensory 
input from the mouth (faces, tonsils, soft palate, and tongue 
base) and pharynx (posterior pharyngeal wall) heavily moder-
ates and modulates the swallow. Many small muscles in the 
head and neck participate in the oropharyngeal phase of swal-

lowing. The motor units within each of the laryngeal muscles 
tend to fire asynchronously during normal swallowing. Thus, 
they may be highly susceptible to failure of normal firing dur-
ing swallowing (15). Also, disuse of a striated muscle leads 
to atrophy of the muscle. Electrical stimulation may enhance 
tone and strength, or help activation of the muscle. 

Although patients with dysphagia after a stoke can recover 
their swallow function spontaneously, a mean of tube-feeding 
was needed for 15–60 weeks, and 30% of all patients continued 
on total tube-feeding for one year after their stroke (16). In our 
study, 19 of the total of 26 patients (65%) had required tube-
feeding after their stroke. However, the tube-feeding ratio was 
decreased to 46% after the study. On the other hand, we found 
that 6 out of 12 patients in the experimental group who had had 
tube-feeding were able to progress to oral feeding, while only 
one out of 7 patients in the control group was able to progress 
to oral feeding. These findings also showed that neuromuscular 
electrical stimulation combined with TTS can help the recovery 
of dysphagia more effectively than TTS alone. 

The main limitations of this study were the relatively small 
numbers of subjects participating in both groups, and the short 
follow-up period. Further research is therefore required with a 
larger group of patients with dysphagia and a long-term follow-
up period. In addition, the effects on swallowing physiology of 
changing variables of electrical stimulation, such as frequency 
and amplitude, have not yet been established, and these could 
be an interesting area for future research. 

In conclusion, the results of this study suggest that NMES 
combined with TTS is a better treatment for patients with swal-
lowing disorders after stroke than conventional TTS alone.
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