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Abstract 

Twenty five patients (avg. age 53.1; SD± 9.8) with multiple sclerosis and swallowing 

problems were treated for three weeks with two sessions of neuromuscular 

electrostimulation (NMES) per week. Average time since onset of multiple sclerosis was 

16.5 (SD±10.2) years. 

Seventeen patients were examined with trans-nasal flexible endoscopy (FEES) one week 

prior to treatment and one week post-treatment. After treatment a significant decrease in 

pooling of saliva in the piriform sinuses was seen in six patients (p=0.03) and significant 

less aspiration during the swallowing of thin liquids (p<0.01) was seen in nine patients. 

Overall patients (N=25) reported that their swallowing had improved (p<0.01) and in 

20% of all patients had become less strenuous. No adverse effects of the treatment were 

reported.  

 Our study showed that the treatment of swallowing problems with neuromuscular 

electrostimulation in patients with multiple sclerosis in this sample was successful in 

reduction of pooling of saliva and in aspiration reduction. 
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Introduction  

Literature on swallowing problems in patients with multiple sclerosis (MS) is rather scarce. 

Dysphagia often develops in mildly impaired MS patients, but becomes a frequent finding 

in MS patients with moderate and severe disability. As literature states, the frequency of 

swallowing problems in different MS groups varies between 33 and 43%1,2,3.  Dysphagia is 

associated with an increased risk of pulmonary complications (aspiration pneumonia), an 

increase in health-care costs and an increase in mortality. Dysphagia in patients with 

multiple sclerosis expresses itself in problems with different consistencies of food. Patients 

with a mild stage of MS are likely only to develop problems with swallowing fluids, 

whereas patients in a more advanced stage also develop problems with swallowing solid 

foods3. Currently, the treatment options for restoring (or maintaining) swallowing 

function in patients with multiple sclerosis are rather limited3. Traditional swallowing 

therapy provided by speech pathologists mainly consists of advice on dietary changes, as 

well as educating patients compensatory techniques. To this day, swallowing rehabilitation 

through exercises has not been successful in MS patients with swallowing problems3. This 

might be explained by the fact that active exercises are likely to result in symptom 

exacerbations. In a general review on therapy with MS patients4, it is recommended that 

strenuous exercise should be avoided in patients with systematic fatigue. Therefore, the 

therapeutic options for swallowing rehabilitation for patients with MS are limited. 

 

Neuromuscular electrostimulation (NMES) is a form of muscle stimulation which is 

frequently used in physiotherapy to strengthen healthy muscles. In addition, NMES is also 

used to prevent muscle atrophy in a wide range of patients. In cases where 

electrostimulation is combined with active exercises, therapy outcomes are successful. This 

combination has a significant advantage over traditional physiotherapy without the use of 

NMES5. In 2006, Mount et al.6 described the positive effect of electrical stimulation on foot 

drop in a small group of patients with multiple sclerosis . The use of NMES as a motor 

treatment in dysphagic patients is relatively new. The first article on this subject was 

published by Freed et al.7 in 2001.  

Next to the effects of electrical stimulation on motor function, research also suggests that 

some types of electrical stimulation have a sensory (corticobulbar) effect. In 1998, Hamdy 

et al.8 showed that 30 minutes of pharyngeal stimulation in humans would lead to increased 
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motor cortex excitability. Following this study, Fraser et al.9 published a study in which 

they found an increase in corticobulbar excitability with a concomitant improvement of 

swallowing function in small group of dysphagic stroke patients. A similar outcome was 

recently found by Oh et al.10 in eight dysphagic patients.  

Although the amount of literature on the possible effects of NMES in patients with 

dysphagia is increasing11,12,13, no attempts have been made so far to evaluate the role of 

NMES in MS patients with dysphagia. Based on literature described above, we developed 

the hypothesis that NMES might be effective in these patients.  A pilot study was 

performed to explore the possible effects of NMES on swallowing function in MS patients. 

 

Subjects and methods 

Patients 

Patients were recruited at Nieuw Unicum Rehabilitation Center (Zandvoort, the 

Netherlands): an expertise centre for multiple sclerosis. This Center contains the highest 

population of patients with severe multiple sclerosis in the Netherlands.   

All patients in this centre are diagnosed with multiple sclerosis as confirmed by a 

neurologist and underwent a swallowing examination with flexible endoscopy (FEES) in 

order to determine swallowing problems objectively. 

 

Flexible Endoscopic Evaluation of Swallowing (FEES) 

Swallowing function was examined by an experienced endoscopist (HB) using an Optomic 

JM-38 flexible nasopharyngo-laryngoscope (Optomic, Madrid, Spain). The examiner was 

not informed about the patients’ possible swallowing problems. At the post treatment 

endoscopy the examiner was blinded for the pre treatment results, to ensure an optimal 

objective examination. Swallowing function and swallowing safety was determined by the 

FEES-protocol described by Langmore14. Main focus was on pooling of saliva in valleculae 

and piriform sinuses. When a patient was not aspirating saliva, two different boluses were 

administered to the patient: 100 ml tap water with blue-dye and a spoon of yoghurt. The 

description of swallowing safety in these patients for these consistencies was based on the 

Penetration-Aspiration scale15. Based on the findings of the endoscopic swallowing 

examination as described above, the severity of swallowing impairment was determined by 

using the Dysphagia Severity Scale16. The FEES-examination has proven to be a reliable 
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instrument for assessing dysphagia and is widely used as an outcome measure in dysphagia 

research17,18. 

 

Inclusion criteria 

All patients who presented with swallowing problems (such as aspiration or pharyngeal 

residue) as determined by the FEES-examination, were included in this study.  

It is known that physical functioning of MS patients is highly dependent on fatigue19. So 

the FEES examination might have excluded patients who indeed were eligible to enrol in 

this study. Therefore patients who reported themselves to have swallowing problems (like 

frequent coughing and problems of food getting stuck in their pharynx) but showed no 

signs of swallowing problems during the FEES examination, were also eligible for inclusion 

in this study. In addition, when nursing staff reported that a patient frequently choked or 

coughed during mealtimes, this patient was also eligible for inclusion. 

At inclusion, the following data were recorded on the Case Record Form: date of 

confirmed diagnosis of MS, the Expanded Disability Status Scale-score (EDSS), as a 

reference for severity of multiple sclerosis20 and Barthel-score, as a reference for general 

functioning in everyday life activity21. 

 

Neuromuscular electrostimulation: materials and settings 

For neuromuscular electrostimulation the Myomed 134 (ENRAF-NONIUS, Rotterdam, 

the Netherlands) was used.  

In most recent publications on NMES, patients are stimulated with a 300 µsec phase 

duration at an 80 Hz frequency. Unfortunately, a clear rationale why these parameters are 

used is not given in these articles22. An optimal NMES system for muscle re-education 

utilizes the minimal stimulus frequency that produces a fused response23. Sheffler & Chae23 

also suggest a shorter phase duration than the 300 µsec as used in the described publications 

above to ensure an optimal outcome of NMES. In 1956 Doty & Bosma24 published a study 

in which they found that the fire frequency of the laryngeal nerves is around 30 Hz. This 

publication supports the use of a low-frequent stimulation when applying NMES in 

dysphagia treatment. These parameters were also used in the Burnett-study12, in which a 

clear motor response was found at this frequency in combination with a 200μs phase 

duration.  
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In our study, stimulation frequency was therefore set at 30 Hz with phase duration of 200 

µsec. A surge pattern was applied to recruit a maximal number of motor units. Ramp-up 

time was 0.5 seconds with a hold time of 5 seconds; ramp-down time was 0.1 second. The 

resting period (interval between stimulation) was 15 seconds. Patients were stimulated for 

20 minutes at a comfortable intensity. But intensity was strong enough to evoke a motor 

response. Reusable Pals Platinum J10R00 (Axelgaard, Lystrup, Denmark) were used as 

electrodes. 

 

Treatment protocol 

One set of electrodes was placed under the patient’s chin between the tip of the chin and 

hyoid bone in order to stimulate the floor of mouth muscles (i.e. m. digastricus. m. 

mylohoid).  The muscles are responsible for moving the hyoid bone to an anterior position 

during swallowing. A second set of electrodes was placed on the neck between the hyoid 

bone and the upper part of the thyroid cartilage, approximately one centimetre from the 

midline, in order to stimulate the m. thyrohyoideus. This muscle is involved in the caudal-

cranial movement of the larynx during swallowing. 

Each patient was treated for 20 minutes per session and received a total of 6 sessions in 

three weeks (i.e. two sessions per week). After the electrodes were applied to the skin and 

an optimal level of stimulation was determined (i.e. a motor response was observed), 

patients were instructed to swallow every time they felt the surging stimulus. Thus patients 

had to swallow every 20 seconds, which makes a total of 60 swallows per session. 

This total was achieved by providing the patient with different types of boluses throughout 

the session. Each patient had 12 dry swallows, 24 swallows with water and 24 swallows 

with yoghurt per session. Excluded from this treatment protocol were those patients who 

were restricted to tube feedings only; these patients were instructed to swallow their saliva 

at each stimulation. Patients who were known to aspirate a specific consistency, were 

instructed to swallow saliva and tap water or saliva and yoghurt only. Treatment 

commenced within one week after the initial swallowing examination. 

 

Evaluation of therapy on patient-level 

To evaluate the effects of the treatment protocol on the patients’ Quality of Life, before 

and after treatment all patients were asked to fill out a non-validated questionnaire 
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regarding their swallowing problems. After treatment, the patients were also asked about 

their experiences with NMES. 

 

Statistical analysis 

Statistical analyses were carried out using SPSS 12.0 (SPSS Inc, Chicago, IL, USA). All data 

were formally tested for normality using the Kolmogorov-Smirnov test for normality. 

Based on normality, a paired t-test or a Wilcoxon-matched pairs test was used to explore 

differences in observed parameters pre and post treatment. A Mann-Whitney test was used 

to explore differences between (sub-)groups. Reliability of the questionnaire was evaluated 

by calculating Cronbach’s α. 

 

Results 

Twenty-five MS patients were treated with NMES. This cohort consisted of 16 female and 

9 male patients with an average age of 53.1 years (29.9-72.7; SD±9.8). Average time since 

MS was diagnosed in these patients was 16.5 years. Barthel scores ranged from 16 to 0, with 

an average of 2.6 (SD±3.5). EDSS scores ranged from 6 to 9, with an average of 7.8 

(SD±0.7). Patients’ characteristics are presented in Table 1. 

 

Table 1. Patients’ characteristics 

N = 25  

Male 9 (36%) 

Age 53.1 (29.9-72.7; SD± 9.8) 

Years since onset of Multiple Sclerosis 16.5 (3.6-48.3; SD±10.2) 

Barthel Score 2.6 (0-16; SD±3.5) 

EDSS-score 7.8 (6-9; SD±0.7) 

 

In eight patients it was not possible to perform both pre and post treatment endoscopy, 

due to hypersensitivity and/or severe tremors of the head. Unfortunately, these patients 

were excluded from our analysis. These patients’ Barthel scores and EDSS scores did not 

significantly differ from the patients that underwent both FEES examinations (Mann-

Whitney test; p=0.16 and p=0.51 respectively). 

 



Chapter 8 

124 
 

The swallowing results of the remaining seventeen patients were analyzed before and after 

treatment. For determining the swallowing severity the (ordinal) Enderby-scale was used.  

A score of “1” indicates normal swallowing and no risk of aspiration, whereas a “5”-score 

indicates a severe dysphagia with aspiration of saliva and food. Pre-treatment the median 

severity score was 2 (mean 2.18 ± 1.13). Post treatment ten patients had improved their 

swallowing score, whereas seven patients scored remained on the same level. None of the 

patients deteriorated on the severity scale. Post treatment the median severity score was 1 

(mean 1.06 ± 0.24). A Wilcoxon matched pairs test showed a statistical improvement in 

swallowing function (p<0.01). 

 

A positive increase of patients’ scores on the Penetration-Aspiration scale when drinking 

water and swallowing yoghurt was observed.  When drinking water, eight patients 

improved their score on the Penetration-Aspiration scale. All other patients remained on 

the same level. The positive changes were found to be significant (p<0.01), showing a 

decline in aspiration risk for thin liquids. When swallowing yoghurt, a small and not 

significant (p=0.06) decline in aspiration risk was observed in four patients. In all other 

patients, pre and post treatment scores did not differ. Table 2 shows the changes in scores 

on the Dysphagia severity scale and the scores on the Penetration-Aspiration scale for two 

different consistencies. 

 

Table 2.  Pre- and post treatment dysphagia ratings 

 Pre treatment 

median (mean, SD) 

Post treatment 

median (mean, SD) 

p1 

Dysphagia severity2 2 (2.18 ± 1.13) 1 (1.06 ± 0.24) <0.01 

Thin liquids3 2 (2.63 ± 1.86) 1 (1.00 ± 0.00) <0.01 

Thick liquids3 1 (1.59 ± 1.12) 1 (1.00 ± 0.00) 0.06 

1 = Wilcoxon-matched pairs 

2 = Score on Dysphagia severity scale (Enderby, 1992) 

3 = Score on Penetration-Aspiration scale (Rosenbek, 1996) 

 

As described in the Methods section, main focus was on the presence of saliva pooling in 

the valleculae and the piriform sinuses. On the Case Record Form the presence of saliva in 
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either valleculae or piriform sinus was recorded dichotomously. In one patient who had 

pooling of secretions prior to the treatment, no pooling in the valleculae was observed, 

after treatment. A significant drop in pooling of saliva in the piriform sinuses was seen in 

six patients (p<0.01), comparing baseline data to the post treatment situation.  

 

Table 3. Changes in endoscopic findings pre and post treatment 

 Improved score (N) Unchanged score (N) p1 

Saliva in vallecula 1 16 0.32 

Saliva in piriform sinus 6 11 0.03 

1 = Wilcoxon-matched pairs 

 

One week after the last treatment session, patients were asked to fill out a questionnaire, 

which contained questions regarding their swallowing function in everyday life and their 

experiences with this type of treatment. On a scale of 1 (worst) to 5 (good) patients had to 

mark their swallowing ability pre and post treatment. Internal consistency of the 

questionnaire was evaluated by calculating Cronbach’s α and was found to be 0.84 for the 

10-item questionnaire.  

Twenty-three patients completed both questionnaires and rated their pre treatment 

swallowing function “4” (median score) and after treatment “5” (median score), which was 

a significant improvement in swallowing score (Z=-2.496, p=0.01). Of the total cohort of 

25 patients, eight patients (32%) reported less coughing during eating and drinking after the 

treatment, whereas 14 patients (56%) did not notice any changes in the incidence of 

coughing during eating and drinking. Eleven patients (44%) reported to be more aware of 

their (possible) swallowing problems after therapy. One patient was less aware of his 

problems and ten patients did not report any changes in awareness. Only one patient 

experienced the treatment with NMES to be unpleasant. Sixteen patients were neutral to 

the treatment with NMES and four patients found the treatment to be enjoyable. Four 

patients (16%) reported that they had more appetite for eating and drinking because of 

positive changes in swallowing function, whereas other patients did not report changes in 

appetite. No adverse effects of the treatment were reported. 
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Discussion 

Our study is the first attempt to explore the effects of NMES in the treatment of dysphagia 

in patients with multiple sclerosis. Based both on flexible endoscopy and patient self-

evaluation the treatment was successful in our group of patients.  

As most of our patients were already on a (modified) oral diet and therefore were 

swallowing regularly, we consider the influence of a behavioural component in our 

treatment protocol to be negligible. Most patients had received swallowing therapy prior to 

this study, which was aimed at adaptation of consistencies to the swallowing problem or 

the use of compensatory techniques. As both these interventions would not lead to 

physiological changes in swallowing (like pooling of secretions), the effects as seen in this 

study seem to be the result of our intervention. Our data on the positive effect of NMES 

on muscle function support the recent findings on positive effects of NMES in patients 

with multiple sclerosis and continence problems25. 

There are, however, limitations to this study. First, no control group or randomization 

was used, thus the question remains whether other types of swallowing rehabilitation 

would have been more effective. However one should bear in mind that rehabilitative 

exercise for swallowing problems in patients with multiple sclerosis can lead to symptom 

exacerbations4, so other forms rehabilitative exercises are often contra-indicated. Second, 

the use of flexible endoscopy (although the examiner was blinded for the pre-treatment 

observations) and the use of self-evaluations, which are both subjective instruments, might 

introduce different types of bias. In a possible future randomized controlled trial evaluation 

of swallowing physiology with videofluoroscopy seems more appropriate. 

Although we used a non-validated questionnaire, internal consistency was found high 

enough (α=0.84) to use this questionnaire to explore differences on a group level28. 

 

In our study we only describe the short-term outcome of an intervention program with 

NMES, so it is unclear how long established effects will remain. As our main goal of the 

treatment was to establish a better motor function of the muscles involved in swallowing, 

we based our protocol on other previously published articles in the field of sports 

medicine27, were subjects only would receive a limited amount of therapy during a short 

period. Our patients received only six sessions of treatment of NMES in three weeks. Here 
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questions arise on treatment intensity: further research in dysphagia therapy and the role of 

NMES should be aimed at establishing the most optimal treatment intensity as well.  

The question arises whether observed changes in swallowing function are based on 

increased motor function, or could be addressed to possible corticobulbar changes. Recent 

research8,9,10 suggests that some types of electrical stimulation have a sensory (corticobulbar) 

effect. Future research might give more insight in the sensory effects of electrical 

stimulation in a population with MS. 

Considering future research on the effects of NMES in the treatment an unanswered 

question remains about the stimulation parameters and treatment intensity. Unfortunately, 

in the rising amount of published studies on the role of NMES in the treatment of 

dysphagia no researcher has yet established the most optimal parameters for stimulation. 

As previously described, in our study we used physiological parameters based on the work 

of Doty & Bosma24 and Burnett et al.12. As the results in this study are positive, these 

physiological parameters (30 Hz, 200 µsec) seem to be adequate for this population. 

In our study we evaluated the effects of NMES on swallowing function in a group of MS 

patients with dysphagia. Although we found a positive effect of the treatment, different 

forms of bias (like selection bias) cannot be excluded. However the results warrant further 

investigation in this field. Our data can be used to set up a larger randomized controlled 

trial. 

 

Conclusion 

In our study we treated twenty-five MS patients with swallowing problems for three weeks 

with two sessions of neuromuscular electrostimulation per week. Seventeen patients were 

reviewed with endoscopy pre and post treatment. After treatment a significant decrease in 

pooling of saliva in the piriform sinuses was observed in six patients (p=0.03) and in nine 

patients, significant less aspiration during swallowing of thin liquids (p<0.01) was 

observed. Overall, patients (N=25) reported that their swallowing had improved (p<0.01) 

and in 20% of all patients had become less strenuous. No adverse effects of the treatment 

were reported. Our study showed that the treatment of swallowing problems with 

neuromuscular electrostimulation in our group of severe MS patients has proven to be 

successful in reducing pooling of saliva and reducing aspiration.  A larger, randomized 
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controlled trial is needed to establish the exact effects of this treatment in MS patients with 

dysphagia. 
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