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An introduction to swallowing and swallowing disorders 

Eating and drinking are one of the basic necessities of mankind. Generally, a healthy adult 

swallows between 800 and 2400 times a day1. Although swallowing seems easy, in reality it 

requires an extremely complicated interaction between various muscles. Timing, 

coordination, feeling and muscular strength all play a significant role. When one or more 

of these conditions for swallowing are disturbed, this is called dysphagia. Dysphagia can 

have severe impact on patients’ Quality of Life2. The swallowing process can be divided 

into the following four phases3: 

 

Oral phase 

In this first phase the mouth is opened and a piece of solid food or liquid is taken in. The 

mouth closes, and in case of the intake of a hard consistency, chewing follows. The cheek 

muscles are tightened to prevent remnants of food remaining in the cheek pouches. 

Chewing mixes the food with saliva and prepares it for swallowing. When the chewing 

process is completed, the food (or bolus) is collected in the centre of the tongue and the 

person is ready to swallow. This first phase of the swallowing process is entirely 

voluntary3. 

 

Transport phase 

The second phase in the swallowing process is the transport phase. When the bolus has been 

collected in the centre of the tongue, the tip of the tongue is placed behind the teeth 

creating a groove in the tongue. This allows the bolus to slide into the pharynx (the 

throat). The sliding into the pharynx is not an entirely automatic process. The tongue 

makes a wave-like movement, thus propelling food bolus into the back of the mouth. 

When the bolus reaches certain receptors in the pharynx, the swallowing reflex is triggered. 

From this point on swallowing is an entirely reflexive action3,4. 

 

Pharyngeal phase 

The third phase in the swallowing process is the pharyngeal phase. When the swallowing 

reflex is triggered, the pharyngeal phase starts. This phase is the most complex phase of 

swallowing, because it involves many events which occur in a rapid sequence.  
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The soft palate closes the nasopharynx to ensure that the food does not enter the nasal 

cavity. The vocal folds close and the larynx moves upwards, which results in tilting of the 

epiglottis and closure of the larynx. This ensures that the food cannot enter the trachea 

during swallowing. The three pharyngeal constrictor muscles (m. constrictor pharyngis 

superior, m. constrictor pharyngis medius, m. constrictor pharyngis inferior) contract from 

top to bottom and transport the bolus into the oesophagus3,4. 

 

Oesophageal phase 

In this last phase of the swallowing process, the bolus enters the oesophagus and is 

transported further down towards the stomach by peristaltic contractions. In this final 

phase, the muscles in the neck relax, the larynx is lowered and the vocal folds open, 

allowing the subject to take a breath3. 

 

Swallowing problems (dysphagia) 

Based on the symptoms of dysphagia, two major groups can be defined1: 

-solid food or fluids gets stuck during eating or drinking; 

-solid food or fluids (including saliva) enters the larynx. 

 

Food or fluids get stuck during eating and drinking 

When a problem occurs in the coordination between the various muscles involved in 

swallowing or when some muscles involved in swallowing are weakened, the bolus cannot 

be transported properly from the oral cavity into the oesophagus. The bolus gets stuck 

either in the oral cavity or in the pharynx after swallowing. When part(s) of the bolus 

remain in the oral cavity or pharynx after swallowing, this is called residue3.  

Patients with residue after swallowing will complain of a sensation that food is stuck in the 

back of the throat. In addition, they can also complain that they are not able to eat specific 

types of food (mostly solid foods) anymore. In order to clear the residue, patients often 

have to swallow multiple times to clear a single bite of food out of the mouth. This results 

in the fact that the process of eating and drinking will take much longer. In some cases 

patients will need over one hour (or more) to finish a normal meal1. 
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Problems in the bolus transport can have great impact on the Quality of Life2, but it is also 

a potential harm for the patients’ health. A majority of patients will start to eat and drink 

less due to these transport problems. Therefore, involuntary weight loss (and even 

dehydration and malnutrition) is common in patients with dysphagia1. Another threat to 

the patients’ health is choking: pharyngeal residue can block the upper airway and can in 

some cases lead to death by asphyxiation1. 

 

Saliva, food or fluids enters the airway 

Saliva, food or fluids entering the trachea is called aspiration. Aspiration can lead to (fatal) 

infections of the lungs (aspiration pneumonia)5. Due to certain neurogenic disorders, the 

coughing reflex is sometimes no longer active and patients aspirate without being aware of 

it. This phenomenon is called ‘silent aspiration’3,4,5. 

 

When dysphagia prevents patients from eating certain types of food, many of these patients 

will try to avoid these in their daily diet. This can result in serious malnutrition1,5. For this 

reason, if a patient has swallowing problems it is important that not only the speech 

pathologist is involved in determining the nature of the problem, but also a dietician is 

consulted to establish a well balanced oral intake1. 

 

Dysphagia in different patient groups 

In general, patients with either acute or chronic dysphagia can be divided into three 

groups6: 

-neurogenic dysphagia; 

-head-and-neck cancer related dysphagia; 

-dysphagia due to aging (presbyphagia). 

 

Neurogenic dysphagia 

The neurological condition of a patient might lead to sensory problems in the oral cavity 

or pharynx which may lead to dysphagia. Some neurological disorders can induce 

weaknesses of specific muscles and muscle groups, causing food to get stuck in the pharynx. 

Other neurogenic disorders can induce diminished laryngeal closure resulting in (silent) 
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aspiration. In addition, coordination of the swallowing process can be affected by certain 

neurological conditions negatively influencing the motor planning of swallowing. 

 

Neurogenic dysphagia can be caused by a range of neurological disorders, like: 

-Alzheimer’s disease 

-Stroke 

-Parkinson’s disease 

-Multiple sclerosis 

-Amyotrophic lateral sclerosis (ALS) 

-Huntington’s disease 

-Head injury 

-Guillain-Barré syndrome 

-Chronic meningitis 

-Poliomyelitis 

-etcetera. 

 

Sensory problems are frequently found in stroke patients, but also occur frequently in 

other neurological conditions4. Due to decreased pharyngeal sensitivity, the coordination 

between swallowing and closure of the larynx is disrupted. As a result, the bolus enters the 

pharynx before the pharyngeal phase of swallowing has been triggered. In general, these 

patients will aspirate thin liquids1.  

 

Other neurogenic disorders might cause motor problems (i.e. on the level of the 

pharyngeal and laryngeal muscles). Due to general muscle weakness, chewing can be 

difficult and the pharyngeal muscles might no longer be able to propel the bolus into the 

oesophagus. Food gets stuck in the pharynx and patients are at risk of choking. These 

patients often have less problems with the drinking of thin liquids. In some patients, lip 

closure is insufficient due to facial paralysis, or the bolus cannot be collected in the centre 

of the tongue due to paralysis of the tongue musculature. This results in food residue in the 

oral cavity3.  
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Swallowing requires motor planning and coordination. It is known that some neurological 

conditions, e.g. stroke and dementia, can influence the motor planning of swallowing. In 

these cases an apraxia of swallowing can occur: a patient puts food in his mouth but seems 

to have forgotten what to do with it. 

Problems in the coordination of swallowing can result in a situation where certain 

structures (like pharyngeal constrictor or the upper oesophageal sphincter) might have a 

good motor response to swallowing, but this response is out of sequence. In some 

neurological patients for instance, the lower pharyngeal constrictors might contract before 

the middle pharyngeal constrictors contract resulting in a propulsion force which directs 

the bolus into the direction of the oral cavity instead of the oesophagus4. 

 

Dysphagia in patients with head-and-neck cancer 

Dysphagia can also occur after head-neck surgery, for example because muscles or nerves  

have been partially or completely resected during surgery, like a hemi-glossectomy or 

hemi-laryngectomy, causing loss of sensitivity in the oral cavity or pharynx or loss of 

motor function. The severity of dysphagia depends on the location of the tumour and the 

extent of surgery. Dysphagia will be negatively influenced by postoperative (chemo-) 

radiation due to fibrotic changes6. Apart from these problems, exposure of the pharynx to 

radiation might lead to a decreased sensitivity, which can lead to residue in the pharynx 

and a possible concomitant aspiration or choking4,7. Swallowing rehabilitation in this 

patient group is mainly targeted on teaching compensation techniques9. 

 

Presbyphagia 

The third patient group consists of patients with ‘presbyphagia’; dysphagia as a result of 

normal ageing. Elderly people often have more problems with thin fluids (due to the 

slowing down of the swallowing process) and hard consistencies (less strength for chewing). 

Ekberg et al. (2002) describe that one in three of elderly people in European nursing homes 

experience dysphagia10. In 70% of these cases, there is no professional treatment provided 

for these symptoms. Half of these patients say they eat less and 44% say they have 

involuntarily lost weight over the previous twelve months. This study also focuses on the 

psychosocial aspects of dysphagia; 41% of these patients are afraid of choking at mealtimes, 

and a large group of patients (36%) avoids eating in a group due to their frequent choking10. 



Chapter 1 

16 
 

In 1997, Steele et al.11 also found that a large group of nursing home residents experienced 

dysphagia. In this study, however, it is concluded that dysphagia does not occur in 

isolation. Not only (patho-)physiological problems influence the severity of dysphagia, 

problems with correct posture and behavioural problems also appear to play a role11.  

Staff shortages, resulting in decreased patient care, can also contribute to eating and feeding 

problems. This often leads to an overly cautious approach. An American study revealed 

that 91% of nursing home residents have a diet that is too restrictive12, which must have a 

significant effect on the Quality of Life of these patients2. 

 

Assessment of dysphagia 

After thorough ENT work-up, patients with dysphagia are commonly referred to a speech-

pathologist for further assessment and treatment. The clinical assessment of dysphagia by a 

speech pathologist will consist of an examination of motor function of the tongue (like 

lateral movements on command, raising the tip of the tongue, etcetera) and laryngeal 

excursion during swallowing. During this examination the sensitivity of the oral cavity is 

also tested in order to determine unilateral loss of sensation. After examination of motor 

function and sensitivity, several observations and trials with different types of food are 

conducted to establish swallowing safety1,3. 

As the standard speech pathology assessment in patients with dysphagia is mainly based on 

observation and thus a subjective measurement, the outcome of the assessment is highly 

dependable on the skills of the assessor. Although the validity assessment of dysphagia by 

speech-pathologists has been evaluated and determined for several patient groups, in many 

cases it will be necessary to perform an objective (instrumental) examination to evaluate 

the underlying problems and to determine swallowing safety. The most frequently 

performed objective examinations are radiographic (i.e. videofluoroscopy) or the use of 

flexible nasendoscopy. Although these examinations are more strenuous for a patient, the 

outcome is considered to be superior to a standard speech pathology assessment1. 

 

Dysphagia rehabilitation: treatment for swallowing problems 

Apart from surgical interventions for restoring swallowing function, swallowing function 

might be restored through functional rehabilitation (dysphagia therapy). Functional 

swallowing rehabilitation can be divided into three different approaches: 
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swallowing rehabilitation though exercise restoring swallowing function through the use of 

compensatory strategies, and, finally, the use of dietary adjustments3. 

 

Swallowing rehabilitation 

Swallowing rehabilitation consists of exercises targeted to train specific muscles or muscle 

groups. This can be, for example, exercises which improve the function of the tongue 

muscles, so that the patient is able to make a better, more homogeneous bolus in the 

mouth prior to swallowing. There are also exercises to improve laryngeal excursion and 

pharyngeal contraction3,4,8.  

 

Compensatory strategies 

Compensatory strategies allow patients to swallow safely even though their underlying 

physiology is impaired. The patient learns how he can avoid problems during eating and 

drinking (such as choking, coughing). Compensatory strategies are mainly aimed at 

changing the position of the head during swallowing or using special swallowing 

techniques. An example of a compensatory strategy is swallowing with a ‘supraglottic 

swallow’3. The patient learns to hold his breathing prior to swallowing and is taught to 

close both true and false vocal folds when swallowing. After swallowing the patient 

deliberately coughs to clear any possible residue. Aspiration cannot occur as the larynx is 

fully closed and possible residue is cleared3.  

 

Dietary adjustments 

A third therapy option is changing specific parameters in the patient’s diet. A speech 

pathology examination, flexible endoscopy or videofluoroscopy is used to determine which 

consistencies and which quantities the patient is able to swallow without problems. In 

stroke patients there is a significant chance that aspiration will occur with thin liquids. 

When a videofluoroscopy shows that thicker liquids are not aspirated, the thin liquids in 

the patient’s diet can be thickened with commercially available thickening powders. These 

products are manufactured by many different commercial companies. These companies 

also provide ready-made ‘thickened’ drinks for dysphagic patients.  

Apart from changing the consistency of the food, the temperature can also be adjusted. It is 

well-known that receptors in the oral cavity and pharynx that trigger the swallowing reflex 
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are more sensitive to colder stimuli. Therefore it is often advised to start oral feeding with 

cold food, such as ice water, cold custard, etcetera3. 

 

Incidence of dysphagia and outcome of swallowing therapy 

As dysphagia is not a single disease, but a symptom of an underlying medical problem1, it is 

difficult to estimate how many patients are suffering from dysphagia. Any estimation of 

the incidence of dysphagia is highly influenced by the definition of dysphagia. As there is 

no standardized definition for dysphagia, an estimation of the incidence will vary from 

publication to publication. It is probable, however, that dysphagia is under diagnosed in 

many patients10. 

 

Incidence and outcome of dysphagia in stroke patients 

Stroke is considered to be one of the major causes of dysphagia. In 2002 the World Health 

Organisation calculated that about 15 million people worldwide suffer from a stroke every 

year. Swallowing problems occur in about half of these patients13. In many patients, the 

swallowing function will recover within two months. In a small group recovery of 

swallowing function may take many months to several years14. In a large group of stroke 

patients this recovery does not occur. It is not known exactly how many patients receive 

long term tube feeding after stroke. It is estimated that in England 1.7% of all stroke 

patients are long term tube dependent15. Generally, stroke patients are discharged from 

swallowing rehabilitation six to twelve months after a stroke, because no further recovery 

is to be expected. When there are still swallowing problems at the end of the treatment 

period, the patient often requires (partial) tube feeding for an extended period of time. In 

one Canadian study, it is suggested that 1.25% of all stroke patients still require tube 

feeding after one year16. 

 

Incidence and outcome of dysphagia in patients with other neurological disorders 

A prospective study into recovery of dysphagia in patients with other neurological 

conditions shows that the average duration of swallowing rehabilitation for patients who 

are (partially) dependent on tube feeding prior to therapy is two months. Of this patient 

group, only 55% returns to an oral diet17.  
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In many degenerative neurogenic disorders, swallowing problems occur in different degrees 

of severity. It is difficult to say, however, which problems occur specifically with these 

conditions. There appears to be a large variability in the time between diagnosis and the 

occurrence of dysphagia. In certain degenerative conditions, dysphagia will manifest itself 

immediately (e.g. bulbar forms of amyotrophic lateral sclerosis), while in other disorders, 

dysphagia will not manifest itself until the disorder is at an advanced stage. The incidence 

of dysphagia in patients with neurodegenerative diseases is estimated to be 40%18,19. 

The treatment of swallowing problems in degenerative conditions consists predominantly 

of advice on posture while eating and drinking and learning compensatory strategies. 

Exercises to strengthen particular muscles or muscle groups is usually contraindicated for 

these patient groups1. 

 

Incidence and outcome of dysphagia in patients with head-and-neck cancer 

Head-and-neck cancer patients with dysphagia constitute a heterogeneous population 

strongly related to the extent of surgery and use of (chemo) radiation either in 

postoperative or primary setting4,20. 

The cause of dysphagia for patients undergoing surgical resection is evident. Tissue loss 

because of surgical excision, transection of muscles and nerves, and resulting scar and loss 

of sensation result in marked alteration in the functioning of tissues vital for normal 

swallowing. Although the use of swallowing rehabilitation is generally believed to be 

efficacious, there are only few prospective randomized studies in head-and-neck cancer 

patients21. Some studies suggest that postural techniques clearly result in decrease aspiration 

by 50% to 75% and that swallowing exercises may improve swallowing efficacy5. 

 

Incidence and outcome of presbyphagia 

It has been recognized that 40%–60% of the institutionalized elderly have identifiable signs 

and symptoms of oropharyngeal dysphagia10. For these patients, widely accepted 

interventions such as meal texture modification, compensatory postures, food-

administration techniques, and direct therapeutic procedures are used9. No outcome figures 

are available on interventions in this population. 
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Aim and scope of this thesis 

The aim and scope of this thesis is to explore current questions and aspects in the 

assessment and treatment of dysphagia. Therefore the main text of this thesis is divided 

into three sections: 

 

Section II: Physiology of (normal) swallowing (Chapter 3); 

Section III: Assessment of swallowing disorders (Chapters 4-5); 

Section IV: Treatment of swallowing disorders (Chapters 7-9). 

 

In this chapter, each section will be introduced shortly. An introduction will be given on 

the various research questions which are presented in several scientific papers. These papers 

are the body of this thesis and are presented in Chapters 3 to 9. Section V contains a general 

summary of this thesis. 

 

Section II: Physiology of (normal) swallowing  

The residual amount of food or drink in the pharynx after swallowing (pharyngeal residue) 

is an important parameter for diagnostic procedures in the treatment of swallowing 

disorders. Few attempts have been made to quantify pharyngeal residues in normal and 

dysphagic populations, mainly due to the limited availability of appropriate diagnostic 

tools. Scintigraphy with Technetium-99m labelled colloid allows quantitative 

measurement. In Chapter 3 we explore the influence of viscosity on pharyngeal residue in 

normal healthy volunteers, hypothesizing that swallowing more viscous products would 

result in an increase in pharyngeal residue. 

 

Section III: Assessment of dysphagia  

Dysphagia can have severe consequences on the Quality of Life of patients. In 2000 the 

“SWAL-QoL” was developed: a patient based, dysphagia- specific tool to evaluate the 

impact of dysphagia on the quality of life in patients with dysphagia. Since the first 

publication in 2000 in Dysphagia1,2, SWAL-QoL has shown to be the “gold standard” in 

dysphagia research regarding quality-of-life issues in patients with dysphagia. In Chapter 4 

we therefore translated the SWAL-QoL into Dutch language (SWAL-QoL-NL) and 
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performed a validation of SWAL-QoL in order to provide a clinimetrically valid tool for 

assessing the patients’ perspectives in dysphagia treatment in the Netherlands. 

 

Although the assessment of dysphagia by speech-pathologists has been evaluated in other 

patient groups (i.e. stroke patients or head-and-neck cancer patients), so far no attempts 

have been made to determine the validity of this clinical assessment in patients with 

multiple sclerosis and dysphagia. Chapter 5 focuses on the validity of clinical factors of a 

standard speech-pathology examination of swallowing problems in patients with severe 

multiple sclerosis. For this patient group, an comparison is made between speech 

pathology examination and an instrumental examination (which is considered to be a 

superior standard in dysphagia assessment). 

 

Section IV: Treatment of dysphagia 

Swallowing therapy can be provided in an acute setting (hospital) or in rehabilitation 

centres, nursing homes and private practises. The therapy will normally consist of exercises 

aimed to improve the function of certain muscle groups. In this section we evaluate two 

novel adjuncts to this treatment: (1) the use of surface electromyography (sEMG) as a 

biofeedback tool and (2) the use of neuromuscular electrostimulation (NMES). 

 

The rationale of biofeedback is that, in addition to feeling a muscle contraction, a patient 

can also observe his muscle activity. The patient will be able to contract his muscles fiercer 

and longer and this may allow for a faster muscle training. The use of sEMG biofeedback 

has proven to be effective in other professions and patient groups3, 4. In Chapter 6 we 

present data on a series of dysphagic patients who were treated in our hospital with the 

help of sEMG biofeedback. As current studies, including our own, on swallowing 

rehabilitation and sEMG are relatively small in terms of sample size, no definitive 

conclusions on efficacy can be drawn. Therefore, in Chapter 7 we conducted a systematic 

review to detect and compare all relevant studies, in order to assess the quality of published 

articles on this topic and to investigate whether the use of sEMG biofeedback is effective in 

dysphagic stroke patients. 
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Neuromuscular electrostimulation (NMES) is a form of muscle stimulation frequently used 

in physiotherapy to strengthen healthy muscles (like in sports training) or to prevent 

atrophy in patients. Good therapy outcomes are reported in cases where electrostimulation 

is combined with active exercises. Since its introduction as an adjunct to swallowing 

therapy, NMES has been marketed intensively, although questions persist about the 

physiological rationale underlying this treatment modality. This has made the use of 

NMES in the treatment of dysphagia rather controversial. We hypothesized that this type 

of motor stimulation might be effective in patients with dysphagia and in Chapter 8 a 

study is presented on the possible effects of NMES on swallowing in patients with multiple 

sclerosis.  

Chapter 9 analyzes the recent literature on NMES in dysphagia treatment. Critical 

appraisal identifies a diversity of treatment parameters, which may be a confounder for the 

different outcomes in these studies.  
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Abstract 

Purpose: 

The aim of this study was to explore the influence of viscosity on pharyngeal residue in 

normal healthy volunteers. 

Methods: 

Scintigraphy was used to measure pharyngeal residue after swallowing three different 

substances in 11 healthy volunteers (age 20.2 - 48.3 years). The first substance was a 10 ml 

solution of tap water with 0.5% xanthan with a viscosity of 4,500 mPa.s, comparable with 

yoghurt drink. The second and third substances were a 0.75% xanthan and a 1.00% 

xanthan solution, with viscosities of 10,500 mPa.s and 21,000mPa.s, comparable with low 

fat yoghurt and 3% fat yoghurt respectively. Tap water was used as control substance. 

Results: 

Mean pharyngeal residue after swallowing tap water was 2.3% (SD±1.2) of the initial 

volume in the oral cavity. Pharyngeal residue after swallowing 0.5% xanthan solution was 

1.8% (SD±0.8), after swallowing 0.75% xanthan solution 2.6% (SD±2.2) and after 

swallowing the 1.00% xanthan solution 2.8% (SD±1.7). No significant correlation between 

increase of viscosity and pharyngeal residue was found. 

Conclusion: 

In healthy persons, viscosity does not seem to be a significant parameter for pharyngeal 

residue for boluses with viscosities ranging from tap water to solutions, having a viscosity 

comparable to 3% fat yoghurt. 



Chapter 3 

32 
 



Viscosity and pharyngeal residue 

33 
 

Introduction 

The residual amount of food or beverages in the pharynx after swallowing (pharyngeal 

residue) is an important parameter in diagnostic procedures in the treatment of swallowing 

disorders. In common practise of management of swallowing disorders, the amount of 

pharyngeal residue is determined either by videofluoroscopy or transnasal flexible 

endoscopy (FEES). With help of logistic regression, Perlman et al. (1994)1 predicted the 

chance of aspiration (food or liquids that get into the lungs) based the amount of 

pharyngeal residue. An odds-ratio of 1.4 for aspiration was found for patients with 

pharyngeal residue. In this study 330 videofluoroscopies of dysphagic patients were 

analyzed and the amount of pharyngeal residue was rated on a 4-point scale (“absent”, 

“mild”, “moderate”, “severe”). The study also showed that a patient with severe pharyngeal 

residue has an increased risk of aspiration (odds-ratio of 4.0) and underlines the importance 

of quantifying pharyngeal residues. Dejaeger et al. (1997)2 analysed videofluoroscopies of 25 

healthy elderly and this study describes clearly localisation of pharyngeal residue, but 

unfortunately does not attempt to quantify the amount of residue. 

Few attempts have been made to quantify pharyngeal residues in normal and dysphagic 

populations, mainly due to the limited availability of appropriate diagnostic tools. 

Videofluoroscopy or flexible endoscopy (FEES) have been used to explore physiologic 

parameters of swallowing3,4. One of the limitations of the use of these techniques is the lack 

of reliable interpretation of physiologic parameters. Stoeckli et al. (2003)5 analyzed the 

inter- and intrajudge reproducibility of the interpretation of videofluoroscopy and 

suggested that the agreement for assessing pharyngeal parameters is minimal to moderate (κ 

= 0.01 - 0.56). 

 

Scintigraphy allows quantitative measurement by using a Technetium-99m (99mTc) labelled 

colloid. 99mTc-colloid is used in routine clinical practice for investigating gastrointestinal 

motility disorders of the oesophagus and stomach6,7. The scintigraphic technique allows 

quantitative assessment, as the amount of radioactivity (radioactive counts) can be 

measured with a gamma camera. Scintigraphy is in the field of dysphagia mainly used for 

detection of aspiration in young children, as the radiation doses are inferior to 

videofluoroscopy8, and less frequently used in adults, although recently scintigraphy has 

been described as a useful and reliable diagnostic tool in adult patients with oro-pharyngeal 
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dysphagia9. Thus far only three studies were performed with scintigraphy to examine 

pharyngeal parameters of normal swallowing physiology: Cook et al. (1994)10 studied the 

influence of age on swallowing efficiency with scintigraphy, Hamlet et al. (1996)11 reported 

on the differences in bolus transit times and oro-pharyngeal residues in healthy volunteers, 

while Shaw et al. (2004)12 studied the influence of bolus volume on pharyngeal residue. All 

studies examined different parameters of swallowing and found different outcomes. The 

aim of this study was to explore the influence of viscosity on pharyngeal residue in normal 

healthy volunteers, where our hypothesis was that swallowing a more viscous product 

would result in more pharyngeal residue in healthy volunteers.  

 

Methods 

Volunteers 

Eleven healthy volunteers (nine female, two male, mean age 29.1, SD±8.9), recruited by 

public advertisement, were invited to participate. All volunteers reported no history of 

swallowing problems. All volunteers gave written informed consent to participate in the 

study, which was approved by the Medical Ethics Committee of the Academic Medical 

Center of the University of Amsterdam. 

 

Bolus characteristics 

Prior to the examination, three different substances with three different viscosities were 

prepared in a research laboratory. All viscosities were measured with a viscosity meter 

(Brookfield LVT Viscometer, model DV-II+) after 24 hours of storage in a refrigerator at a 

constant temperature of 4º Celsius. Measurements were performed with spindle nr. 63 at a 

velocity of 3 rpm and viscosities were recorded after 30 seconds. Substances were tap water, 

thickened with different percentages of xanthan, a polysaccharide commonly used in the 

food industry to thicken fluids. The first substance was a solution of tap water with 0.5% 

xanthan resulting in a substance with a viscosity of 4,500 mPa.s, comparable with a 

yoghurt drink. The second and third substances were based on tap water with 0.75% and 

1.00% xanthan, resulting in a viscosity of 10,500 mPa.s and 21,000 mPa.s, comparable with 

low fat yoghurt and 3% fat yoghurt respectively. As reference, tap water with a viscosity of 

1 mPa.s (per definition) was used. Of all solutions 200 ml was labelled with 260 MBq 99mTc-

colloid (Hepatate, GE Health, Eindhoven, the Netherlands) solved in 1 ml 0.9% saline 
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solution and prepared in such a way that per 10 ml of each solution the radiation dose was 

13 MBq. After labelling, 44 syringes (4 per volunteer) were used to collect 10 ml of each of 

the four solutions (tap water, 0.5%, 0.75% and 1.00% xanthan). The three xanthan 

solutions, stored for more than 24 hours in a refrigerator at a stable temperature of 4º 

Celsius, were mixed with the 99mTc-colloid one hour before the study. 

 

Data collection 

For this study a gamma camera (Orbiter, Siemens Medical Systems, Germany) was fitted 

with a low-energy all-purpose collimator. A dynamic acquisition using 0.25 sec frames was 

performed for 30 seconds. Data were acquired and processed on a Hermes workstation 

(Nuclear Diagnostics, Sweden). Volunteers were asked to sit in front of the gamma camera 

and hold their right cheek against the collimator. The oral cavity was placed in the middle 

of the field-of-view. When the volunteer was placed in the right position, 10 ml of one of 

the solutions was emptied in the mouth of the volunteer with a syringe. Volunteers were 

instructed to hold the bolus in their mouth and swallow on command. It was specifically 

instructed to swallow the whole bolus in one swallow and to breathe through the mouth to 

inhibit a second swallow. Three cobalt markers were placed on the skin of the volunteers 

using a pen pointer, one on the mastoid bone, one on the hyoid bone and one underneath 

the thyroid cartilage. The exact placement for the marker was found by palpation of the 

head and neck.  

 

First, the volunteers were asked to swallow the water with 99mTc-colloid. After recording 

the swallow for 30 seconds, the volunteers were asked to rinse their mouth with unlabelled 

tap water and to swallow 200 ml unlabelled tap water to wash away any residues from the 

previous recording. The second recording was done with 10 ml of the 0.5% xanthan 

solution, the third with the 0.75% xanthan and the last with the 1.00% xanthan. Between 

recordings the volunteers were instructed to rinse their mouth and swallow again 200 ml of 

unlabelled tap water to clear any possible residue. In total, each volunteer swallowed four 

times a consistency labelled with a dose of 13 Mbq, adding to a total of 52 Mbq, which 

equals to a radiation dose of less than 1 milliSievert (mSv), which is according to the 

ICRP62-guidelines a minor radiation dose (category IIa). 
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After data collection the results were stored and processed on a Hermes workstation. Based 

on the markers, two Regions-of-Interest (ROI) were defined; the oral cavity (ROI-1), 

bordered by a straight line between the hyoid marker and the mastoid marker, and the 

pharynx (ROI-2), bordered by a straight line between the hyoid marker and the mastoid 

marker and a horizontal line from the thyroid marker, as described by previous studies10,11. 

To estimate background activity during the examinations, a third ROI with a comparable 

surface area to ROI-2 was defined right of the field-of-view. Figure 1 shows the three 

ROI’s. Collected data were transferred to a spreadsheet file (Excel, Microsoft, USA), which 

showed the number of counts within the specific ROI at each frame (0.25 seconds) of the 

total acquisition. For our analysis the average count of 8 frames (2 seconds) prior to 

swallowing was used to determine the average number of counts in the oral cavity. After 

swallowing the average count of 4 seconds (16 frames) was used to determine the average 

amount of pharyngeal residue, expressed in counts. Background activity was estimated by a 

measurement of 4 seconds and this was subtracted from the average count in the oral cavity 

and the pharyngeal residue. Hereafter, the number of pharyngeal counts was divided by the 

number of counts in the oral cavity, thus providing a percentage of pharyngeal residues.  

 

Figure 1. Scintigraphic evaluation with three Regions-of-Interest (ROI) 

 
1= oral cavity, 2=pharynx, 3=background radiation 

a= mastoid marker, b= hyoid marker, 3=thyroid marker 
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Statistical analysis 

The calculated percentages of pharyngeal residue were transferred to SPSS 12.0 (SPSS Inc, 

Chicago, USA) for further analysis. Distribution of the percentages was formally tested 

with a Kolmogorov-Smirnoff test for normality and was not found to be normally 

distributed. To explore differences in median percentages of pharyngeal residues of the 

three xanthan solutions to the reference (tap water) on a group level, therefore a non-

parametric (Friedman) test was used. All statistical tests were two-tailed and differences 

were evaluated at the 5% level of significance. 

 

Results 

In the volunteers the mean pharyngeal residue after swallowing tap water was 2.3% 

(SD±1.2; range 1.1-4.5) of the initial volume in the oral cavity. The percentage of 

pharyngeal residue after swallowing the 0.5% xanthan solution was 1.8 (SD±0.8; range 0.9-

2.8), after swallowing the 0.75% xanthan solution the residue was 2.6% (SD±2.2; range 0.7-

8.1) and after swallowing the 1.00% xanthan solution the pharyngeal residue was 2.8% 

(SD±1.7; range 1.2-6.4). 

Median percentages of pharyngeal residue were analyzed. Figure 2 shows the distribution 

of residue for the 4 different viscosities in the 11 non-dysphagic volunteers in a box plot. 

No significant difference in amount of residue between the four groups (tap water and the 

three solutions with higher viscosity) was found (χ2=0.927, df=3, p=0.819).  

Although the sample-size was limited, post-hoc analysis showed that this study had a 

power of 0.96 (N=11 with an effect size of 0.47 based on a SD and correlation between 

measurements occasions of 1.1 and 0.7 respectively). Based on these results a power 

calculation showed that in future research (with a power of 0.80 and alpha of 0.05) at least 

137 healthy volunteers would be needed to detect any possible difference in amount of 

pharyngeal residue between the four groups (tap water, 0.5%, 0.75% and 1.00% xanthan). 
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Table 1. Pharyngeal residue in percentages with 10ml boluses 

No. water 0.5% Xanthan 0.75% Xanthan 1.00% Xanthan 

1 1.1 1.2 0.7 1.2 

2 1.8 1.0 1.0 1.7 

3 1.3 0.7 8.1 3.4 

4 1.4 1.5 1.7 1.3 

5 4.1 2.3 2.6 6.4 

6 2.9 1.5 1.5 1.2 

7 1.2 0.9 1.2 2.4 

8 2.4 2.5 5.3 5.4 

9 3.1 2.5 2.4 2.4 

10 2.0 2.5 2.1 2.7 

11 4.5 2.8 2.1 2.4 

Mean 2.3 (SD±1.2)a 1.8(SD±0.8)a 2.6(SD±2.2)a 2.8(SD±1.7)a 
a= no significant difference (p > 0.05) 

 

Figure 2. Distribution of percentages residue on group level 
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Discussion 

Our study attempted to investigate the correlations between viscosity and pharyngeal 

residue in healthy volunteers and we did not find evidence for a positive correlation 

between an increase of viscosity and an increase in pharyngeal residue.  

 

As Shaw et al. (2004)12 established that bolus volume does not influence pharyngeal residue 

allowing extrapolation of our findings to other volumes, only one bolus volume was used 

in this study. It might be suggested that our volunteers drank 200 ml tap water after the 

first labelled bolus und thus the mucosa of the pharynx was relatively dry prior to the first 

estimation of pharyngeal residue. As the larger proportion of our volunteers had drunk 

coffee, tea or water in the last hour before the study, differences in dryness of the 

pharyngeal mucosa is not considered as a confounder.  

 

Only one bolus per viscosity was used, therefore no data on intra-subject differences could 

be provided. If multiple boluses per viscosity would have been used in this study, the 

radiation exposure for our volunteers would have been much higher. As none of the 

volunteers did have swallowing disorders and all were used to swallow tap water and 

yoghurt, any adaptation in swallowing during the study to the circumstances during data 

collection or intra-subject differences can be considered negligible. 

 

Raut et al. (2001)13 examined with manometry the influence of increased viscosity on 

pharyngeal pressures. It was concluded that an increased bolus viscosity led to increased 

amplitude of the bolus wave and clearing contractions within the pharynx. The increase in 

contraction of the pharyngeal muscles supports our findings of equivalent percentages of 

residue for the different viscosities. 

 

Hamlet et al. (1996)11 reported on the differences in bolus transit times and oro-pharyngeal 

residues in healthy volunteers. In this study 20 healthy volunteers (age 39-65) swallowed 

tap water and a thickened substance labelled with 99mTechnetium. The mean pharyngeal 

residue was found to be 4.0% (SE 0.5) for tap water and 10.5% (SE 0.1) for a substance with 

a viscosity of 1,070 mPa.s.  
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Differences in this study and our study might be explained by temperature influences and 

different approaches to measure viscosity. In the Hamlet study11, the bolus temperature 

was set at 25º Celsius, where in our study syringes were stored in a chilled room. 

Therefore temperature is not considered to be a confounding factor within our study. Also, 

in the Hamlet-study11 a Brookfield Viscometer type RVT was used, which is more suitable 

to measure the viscosity of low viscous products like milk. In our study we used a 

Brookfield Viscometer, type LVT, which is more suitable for high viscous substances, 

making an adequate comparison between measured viscosities of the two studies not 

possible. 

 

Literature suggests that body positioning, bolus temperature and taste are influential factors 

on swallowing3,4,14. In our study, the volunteers had to rotate their heads to the right side to 

obtain adequate measurements, according to the protocol that was used in the Hamlet-

study11. This might have reduced the amount of pharyngeal residue, as the bolus passes the 

pharynx mainly on one side and the contact area between bolus and pharyngeal wall is 

decreased. It is known that in some dysphagic patients (i.e. patients with unilateral 

pharyngeal weaknesses) rotating of the head decreases the amount of residue, but the effects 

of head rotation on healthy individuals has not been investigated. Looking at the wide 

distribution of percentages of residues in volunteers (Table 1) and the slightly lower 

percentage (2.3%) found in our study compared to Shaw et al.12 (2.5%) where measurements 

were made in a right lateral position, one might conclude that the influence of head 

rotation in this study cannot be seen as a confounding factor on the outcome of the study.  

  

Conclusion 

In 11 healthy volunteers, mean pharyngeal residue after swallowing tap water was 2.3% 

(SD±1.2) of the initial volume in the oral cavity. The percentage of pharyngeal residue 

after swallowing 0.5% xanthan solution was 1.8% (SD±0.8), after swallowing 0.75% 

xanthan solution the residue was 2.6% (SD±2.2) and after swallowing the 1.00% xanthan 

solution 2.8% (SD±1.7). Our data do not show a significant increase in pharyngeal residue 

as result of an increasing viscosity of viscous solutions, ranging from tap water to full fat 

yoghurt in healthy volunteers. Although some trends may be seen, other (confounding) 

factors than viscosity may play a role in the build up of pharyngeal residue. 
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Abstract 

Purpose: Translating the 44-item SWAL-QoL into Dutch (SWAL-QoL-NL) and exploring 

the validity of this questionnaire against EuroQol in a Dutch population with dysphagia. 

Methods: SWAL-QoL was translated according to international guidelines. SWAL-QOL-NL 

and Euroqol was completed by 152 patients in 7 diagnosis groups. Internal consistency and 

correlations were calculated. 

Results:  

Nine subscales scores (“General burden”, “Food selection”, “Eating duration”, “Fear of 

eating”, “Sleep”, Fatigue”, “Mental health”, “Social functioning” and a symptom score) 

ranged between 0.80 and 0.92 (Cronbach’s alpha). Two subscales (“Eating desire” and 

“Communication”) scored 0.67 and 0.60 respectively and were removed from the 

questionnaire.  The 14-item battery on clinical symptoms showed an internal consistency 

of 0.80, allowing the use of a sum score on group level in clinical research. Correlation of 

SWAL-QoL-NL subscales with the Euroqol was negligible to low (Pearson’s correlations 

range: 0.09-0.36). 

Conclusion: The 39-item SWAL-QoL-NL proved to be a reliable tool to examine the 

impact of dysphagia on quality of life in a Dutch population. Internal consistency allows 

the use of nine subscales of SWAL-QoL-NL for comparisons on a group level 

(0.80<α<0.92) only. Also a Symptom score can be derived from the raw data. 
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Introduction 

A large amount of clinical research has been targeted to evaluate the impact of different 

diseases and health problems on the quality of life of patients. Already in the beginning of 

the 1990’s over 160 different measures were used to asses health-related quality of life (HR-

QOL)1. 

Eating and drinking is one of the basic necessities of man. Problems with swallowing 

(dysphagia) therefore have severe consequences for the Quality of Life of patients2. In 2000 

the “SWAL-QoL” was developed and published by McHorney et al. as a patient based, 

dysphagia specific tool to evaluate the impact of swallowing problems on the quality of life 

in patients with dysphagia3,4. 

 

The SWAL-QoL was initially derived from a 185-item pool and after item-reduction 

preliminary scaled into a 93 item questionnaire. Later this 93 item questionnaire was 

further reduced into 2 different questionnaires: the 44 item SWAL-QoL, a dysphagia 

specific quality of life questionnaire and into a 15 item SWAL-Care, a questionnaire to 

evaluate dysphagia therapy from a patient’s perspective3. SWAL-QoL consists of 10 quality 

of life concepts (“General burden”, “Food selection”, “Eating duration”, “Eating desire”, 

“Fear of eating”, “Sleep”, “Fatigue”, “Communication”, “Mental health” and “Social 

functioning”) with in total 30 items and a 14-item battery to provide clinical researchers 

and practitioners information on symptoms.   

Cronbach’s α coefficients5 were used by the developers of SWAL-QoL to determine the 

internal-consistency reliability of each of the ten subscales.  According to the authors6, 

coefficients ranged from 0.79 to 0.91, allowing the SWAL-QoL to be used only for group-

level research according to Bland & Altman (1997)5.  Thus, SWAL-QoL also allows 

researchers to derive sum scores for each of the 10 concepts out of the raw data provided 

by the questionnaire. 

 

Since the first publication in 2000, SWAL-QoL has shown to be the “gold standard” in 

dysphagia research regarding quality-of-life issues in patients with dysphagia and is 

frequently used7,8,9. Although the SWAL-QoL has been used in other languages, to date no 

clinimetrical evaluations have been made of these translations. 
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In this study we therefore translated the SWAL-QoL into Dutch (SWAL-QoL-NL) and 

performed a cross cultural adaptation and validation of SWAL-QoL in order to provide a 

clinimetrically valid tool for assessing the patients’ perspectives in dysphagia treatment in 

the Netherlands. In our research design we compared SWAL-QoL-NL to Euroqol, as a 

general quality of life assessment tool10. As both questionnaires are instruments that 

measure Quality of Life, we hypothesized that some correlation between both instruments 

would be found. But as the SWAL-QoL was derived from a very dysphagia specific item-

pool3,4 compared to general Quality of Life questions, we hypothesized that this correlation 

would not be strong.  

 

Respondents and methods 

Translation of SWAL-QoL 

The original SWAL-QoL was translated into the Dutch language according to the process 

of translation and back-translation as described in international guidelines1. This process 

developed the initial 44-item Dutch version of SWAL-QoL, called SWAL-QoL-NL. Next 

to the 44-item test battery of SWAL-QoL-NL, general questions on feeding status, marital 

status, education levels and time-needed-to-complete SWAL-QoL-NL were evaluated to 

gather information on social background and the clinical use of SWAL-QoL-NL. 

 

Euroqol 

Euroqol is a standardised instrument for use as a measure of health outcome. Applicable to 

a wide range of health conditions and treatments, the Euroqol provides a simple descriptive 

profile and a single index value for health status. Euroqol is designed for self-completion by 

respondents and is developed for use in postal surveys, in clinics and face-to-face 

interviews10. Since its introduction in 1990 the Euroqol is frequently used to determine 

health status in a broad variety of patient groups and different research projects11,12,13.  

Euroqol consists of a visual analogue scale (also called the “thermometer”) from 0 to 100, 

on which the respondent marks his general well-being. Further, Euroqol consists of five 

short questions regarding five dimensions or constructs (hence in literature the name “EQ-

5D” is also used for Euroqol). These five explored constructs are “Mobility”, “Self-care”, 

“Usual activities”, “Pain & Discomfort” and “Anxiety & Depression”. 
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Respondents 

To establish a broad range of respondents, patients with (oropharyngeal) dysphagia based 

on a variety of diagnoses were recruited from the outward patient clinics of two large 

university hospitals (Amsterdam and Maastricht). Also, a range of patients with 

oropharyngeal dysphagia in nursing home facilities across the Netherlands were asked to 

participate. All possible respondents were asked to complete both Euroqol and SWAL-

QoL-NL. 

 

Statistical analysis and considerations 

For statistical analysis SPSS 12.0 (SPSS Inc, Chicago, IL, USA) was used. Internal 

consistency of the SWAL-QOL-NL was calculated using Cronbach’s α. Correlations 

between the subscales of the SWAL-QOL-NL and the EQ5D were determined by 

calculating the Pearson’s correlation coefficient (r). According to Bland & Altman5, 

Cronbach’s α values between 0.7 and 0.8 were regarded as satisfactory for comparing on 

group level and values of  0.9 and higher were considered to be needed for individual 

applications. For the correlations coefficients (r), a minimum value for a strong correlation 

was set at of 0.7 and above14,15,16. Correlation coefficients between 0.3 and 0.7 were 

considered to be a substantial correlation only and r-values < 0.3 were considered to be a 

weak correlation. 

For additional analysis, all data were formally tested for normality with the Kolmogorov-

Smirnov test for normality. Based on normality unpaired tests were used to explore 

differences in (sum) scores between different patient groups. 

 

Results 

SWAL-QoL-NL and Euroqol were completed by 152 respondents, who ranged in age from 

19.7 to 91.2 years old (mean 64.8 ± 13.2) and 65% were male. Respondents could be split 

into seven different diagnostic groups (stroke 28%, Parkinson 24%, neuromuscular diseases 

9%, other neurological diseases 16%, head-and-neck oncology 11%, idiopathic 

cricopharyngeal problems 5%, and unknown ethiology 7%). A vast majority of patients 

(133 out of 152) was on an oral diet, 12.5% (N=19) was dependent on tube feeding. Of all 

respondents, 69.7% had at least an education at secondary level (high school) or higher. 
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Over 60% was married or living together with a partner. Respondents’ characteristics are 

presented in Table 1. 

Over 60% of all respondents received help to complete the questionnaires.  This help 

mainly consisted in another person reading the questions and writing down the answers 

(83%). In only 7 cases (7%) somebody else answered the questions for the respondent. For 

respondents who received help it took 22 minutes (range: 1-60) to complete SWAL-QoL-

NL, respondents who completed the questionnaire by themselves took fractionally less 

time: 20 minutes on average (range: 1-60).  Table 2 shows the clinical use of SWAL-QoL-

NL. 

 

Table 1. Patients characteristics (N=152) 

Characteristic  Number (%) 
Gender  
 Male 99 (65%) 
 Female 52 (34%) 
 Missing 1 (1%) 
  
Age 64.8 ±13.2 (19.7-91.2)1 
  
Diagnosis  
 Stroke 43 (28.3%) 
 Parkinsons disease 36 (23.7%) 
 Neuromuscular diseases 13 (8.6%) 
 Other neurological diseases 25 (16.4%) 
 Head-and-Neck oncology 17 (11.2%) 
 Cricopharyngeal problems 8 (5.3%) 
 Unknown 10 (6.6%) 
  
Education  
 Primary 41 (27.0)% 
 Secondary 74 (48.6)% 
 University 32 (21.1)% 
 Missing 5 (3.3)% 
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Table 1. (continued) 
 
Marital status  
 Single 24(15.8)% 
 Married / cohabiting 95(62.5)% 
 Separated 9(5.9)% 
 Widowed 22(14.5)% 
 Missing 2(1.4%) 
  
Tube feeding  19 (12.5%) 
  
EuroQol-VAS score 59.9 ± 19.5 (0-99) 1 
1 =  mean, SD, minimum-maximum 

 

Table 2. Clinical use of SWAL-QOL-NL 

Was patient helped with 

questionnaire? 

When helped, how? N Time (min)  

No   58 (38.2%) 19.6 ±8.9 (1-60) 

Yes  94 (61.8) 21.5 ±8.8 (1-60) 

 Read questions /  

wrote down answers 

83 (83.3%)  

 Caregiver answered  

for the patient 

7 (7.4%)  

 Other 4 (4.3%)  

 

For each of the 10 subscales the sum scores were derived from the questionnaires. Mean 

scores on the subscales ranged from 42.9 to 82.9, where a score of “0” represents the worst 

possible score and “100” the most optimal score. 

Cronbach’s α coefficients on the SWAL-QoL-NL ranged from 0.60 to 0.92 on the 10 sub 

scales. Additionally, a sum score and Cronbach’s α was calculated for the 14-item symptom 

battery and was estimated to be 62.4 (±18.3) and 0.80 respectively. Table 3 shows the 

clinimetrical characteristics of the SWAL-QoL-NL. 
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Table 3. Reliability coefficients of Dutch version of SWAL-QoL 

Subscale N No. of items Mean SD Cronbach’s alpha 

General burden 152 2 47.3 31.6 0.84 

Food selection 144 2 62.3 29.2 0.87 

Eating duration 147 2 42.9 32.6 0.82 

Eating desire 149 3 69.6 28.2 0.67 

Fear of eating 149 4 82.9 21.1 0.83 

Sleep 150 2 67.3 32.0 0.80 

Fatigue 149 3 60.8 27.4 0.83 

Communication 152 2 56.8 28.3 0.60 

Mental health 152 5 66.8 26.9 0.89 

Social functioning 149 5 58.0 31.1 0.92 

Symptoms 137 14 62.4 18.3 0.80 

 

Mean score on the EQ5D-Visual Analogue Scale was 59.9 (±19.5). On the Euroqol subscale 

“Mobility” 62% of our patients reported any problem. Percentages of patients reporting 

any problems on the subscales “Self-care”, “Usual activities”, “Pain/Discomfort” and 

“Anxiety/Depression” were 53%, 61%, 45% and 30% respectively.  The subscales 

“Mobility” and “Self-care” revealed statistical different scores on these subscales compared 

to the other subscales of Euroqol (Kruskal-Wallis; p<0.001). Table 4 shows the scores on 

Euroqol for our patient group. 

Clinical validity of SWAL-QoL-NL was assessed by correlating the subscale scores on 

SWAL-QoL-NL with the 5 subscales and the VAS-scores on Euroqol. Pearson’s correlation 

coefficients ranged from -0.24 to 0.36, showing in general a weak correlation between the 

two assessment tools. Significant (2-tailed) correlations at a 0.01-level were found between 

the Euroqol VAS-score and three SWAL-QoL-NL subscales (“Eating duration”, “Fatigue” 

and “Social effects”). At a 0.05-level three further significant correlations were found. In 

Table 5 the correlations between the subscores on the SWAL-QoL-NL and the Euroqol are 

represented. 

 

 



Validation Dutch version of SWAl-QoL 

53 
 

Table 4. Percentage of respondents with any problem on Euroqol 

Diagnosis N Mobility Self care Usual 

Activities 

Pain / 

Discomfort 

Anxiety / 

Depression 

All patients 11

5 

61.8 52.6 61.2 44.7 29.6 

Stroke  42 88.1 83.3 85.7 50.0 47.6 

Parkinsons 

disease 

6 83.3 83.3 83.3 50.0 50.0 

Neuromusc

ular diseases 

12 100.0 76.9 84.6 53.8 30.8 

Other 

neurological 

diseases  

25 92.0 76.0 68.0 56.0 32.0 

Head-and-

Neck 

oncology  

14 50.0 30.8 92.9 71.4 35.7 

Esophageal 

problems  

7 57.1 28.6 28.6 100.0 28.6 

Unknown  9 66.7 55.6 88.9 66.7 33.3 

  p=0.0031 p=0.0001 p=0.1941,2 p=0.0561,2 p=0.1281,2 
1 = Kruskal Wallis 
2 = no significant differences between groups 

 



Chapter 4 

54 
 

Table 5. Clinical validity: correlation of Dutch SWAL-QoL with Euroqol  

Subscale VAS-

score 

Mobility Self 

care 

Usual 

activities 

Pain / 

Discomfort 

Anxiety / 

Depression 

General burden 0.13 0.16 -0.02 -0.07 0.04 -0.11 

Food selection 0.08 0.10 -0.03 -0.03 0.05 -0.06 

Eating duration 0.291 0.00 -0.02 -0.17 -0.18 -0.05 

Eating desire 0.12 -0.03 -0.11 -0.16 0.07 -0.11 

Fear of eating 0.09 0.09 0.10 0.10 0.01 -0.13 

Sleep 0.06 -0.01 0.04 -0.68 -0.03 -0.18 

Fatigue 0.361 -0.06 0.03 -0.16 -0.192 -0.242 

Communication 0.04 -0.02 -0.17 -0.09 0.05 -0.10 

Mental health 0.17 0.16 0.08 -0.07 0.01 -0.17 

Social effects 0.271 0.03 -0.10 -0.16 0.05 -0.242 

Symptoms 0.14 0.13 0.10 -0.10 -0.10 -0.17 
1 = significant at 0.01 level (2-tailed) 
2 = significant at 0.05 level (2-tailed) 

 

Discussion 

In our study we made a cross-cultural adaptation of SWAL-QoL and validated this 

assessment tool against Euroqol in 152 Dutch patients with dysphagia. 

None of the subscales of SWAL-QOL-NL reached an internal consistency of 0.95 or 

higher. Nine subscale scores (“General burden, “Food selection”, “Eating duration”, “Fear 

of eating”, “Sleep”, Fatigue”, “Mental health”, “Social functioning” and a symptom score) 

ranged between 0.80 and 0.92 (Cronbach’s α) and can be used for assessment of quality of 

life in dysphagic patients on a group-level. Two subscales (“Eating desire” and 

“Communication”) scored only 0.67 and 0.60 respectively and are less suitable for clinical 

research. In the final version of SWAL-QoL-NL these two subscales with three and two 

items respectively were removed, reducing the questionnaire to a 39-item tool. 

 

In literature it is described that there are differences in health-related quality of life 

measures between different cultures. In 1988 Flaherty et al.17 already described that 
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researchers should give particular attention to cross-cultural validity when using an 

instrument designed in one culture in a second culture. Consequently, Guillemin et al.1 

describe in 1993 their guidelines for cross-cultural adaptation of health-related quality of 

life measures based on a systematic review of translated questionnaires. Our study shows 

that some differences in cultural differences seem to exist between dysphagia patients in the 

US and the Netherlands. This supports the findings of Guillemin et al.1 that one should 

investigate translated questionnaires clinimetrically thorough, before one uses the 

questionnaire in another language. Although the subscales (“Eating desire” and 

“Communication”) are valid in the original version of SWAL-QoL, they are not 

psychometrically valid for use in the Netherlands. Researchers in the Netherlands should 

be aware of these findings when comparing their SWAL-QoL-NL outcomes to outcomes 

measured by the original SWAL-QoL in other publications. Also Dutch researchers should 

specifically address in their reports that they have used SWAL-QoL-NL in their research 

and not the original 44-item version. 

 

Interestingly, the 14-item battery providing clinical researchers and practitioners 

information on symptoms had an internal consistency of 0.80, allowing the use of a sum 

score for these 14 items on a group level. We renamed this 14-item battery the “Symptom 

Score”. This symptom score can be derived from the raw data in the same way as the other 

subscale scores are calculated. Although, the Symptom score can be used only on a group 

level, it allows researchers to represent a variety of clinical symptoms in one severity score, 

ranging from 0 (worst situation) to 100 (no problems). 

 

The weak correlation in general between SWAL-QoL-NL and Euroqol shows that both 

instruments are measuring two related, but different constructs. The correlations between 

three SWAL-QoL-NL subscales (”Eating duration”, “Social effects” and “Fatigue”) and the 

VAS-score on Euroqol were found to be significant correlated. The correlations for the 

first two constructs were found to be weak, but the correlation between the SWAL-QoL-

NL subscale “Fatigue” and the VAS-score on Euroqol (r=0.36) can be marked as substantial 

(r≥0.30) and is satisfactory for group level comparisons15. These findings support the 

hypothesis that there is a small overlap between the two Quality of Life questionnaires, but 

that SWAL-QoL is measuring a very specific construct compared to more general Quality 
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of Life issues. The three described correlations were significant at a 0.01-level. There were 

also three other significant correlations found, but only at a 0.05-level. These weak 

correlations might support the described findings above but considering the fact that 66 

correlations were calculated for Table 5, these significant findings also might be interpreted 

as a Type-1 error. 

 

Combined with the high internal consistency scores (0.80 and above), SWAL-QoL-NL can 

be considered as a reliable tool to assess the effects of dysphagia on quality of life in 

different patient populations. 

 

Conclusion 

SWAL-QoL-NL proved to be a reliable tool to measure quality of life in patients with oro-

pharyngeal dysphagia. Nine subscales can be used for assessment of quality of life in 

dysphagic patients on a group-level. Two subscales (with a total of 5 items) could be 

removed from the item list, reducing the SWAL-QoL-NL to a 39 item tool. Interestingly, 

in the Dutch version a sumscore can be derived from the items regarding clinical 

symptoms, allowing the use of a single score representing the severity of clinical symptoms. 
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Abstract 

Twenty five patients (avg. age 55.0; SD±8.2) with severe multiple sclerosis (mean EDSS = 

8.0) were assessed for swallowing problems. Each patient had a clinical swallowing 

examination by a speech-pathologist first, secondly a water swallow test and a timed-test 

was performed and finally swallowing function was assessed with a transnasal flexible 

endoscopy (FEES). Outcomes of these three examinations were compared to determine the 

validity of clinical assessment of dysphagia in our study population. Furthermore, 

correlations were calculated for severity of swallowing problems and the time since definite 

diagnosis of the disease and individual scores on the EDSS and Barthel-index respectively. 

In our study 9 of 25 patients (36%) showed signs of aspiration. No significant correlation 

coefficients were found between dysphagia severity and time since onset of the disease. 

Also no significant correlation was found between dysphagia severity and scores on the 

EDSS and Barthel-index. The outcomes of the timed water swallow test, the Dysphagia 

Limit Test and the clinical assessment did not correlate with findings on the FEES-

examination. 

Our study suggests that swallowing problems and aspiration are frequent findings in 

patients with severe multiple sclerosis. Clinical tests do not seem to be sensitive to detect 

aspiration safely. Based on our data it would be recommended to perform an instrumental 

examination to determine swallowing safety in patients with severe multiple sclerosis. 
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Introduction  

Eating and drinking is one of the basic necessities of man. Problems with swallowing 

(dysphagia) therefore have severe consequences for the Quality of Life of patients1. 

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

Dysphagia is described to develop already in mildly impaired MS patients and becomes a 

frequent finding in MS patients with moderate and severe disability. In literature it is 

estimated that the frequency of swallowing problems based on MS varies between 33 and 

43%2,3,4. Dysphagia is associated with an increased risk of pulmonary complications 

(aspiration pneumonia), increase in healthcare cost and increase in mortality. Dysphagia in 

patients with multiple sclerosis consists of problems of swallowing different consistencies 

of food; patients with a mild stage of MS are described to have problems with fluids only, 

where as patients in a more advanced stage have problems with solid food. Due to 

swallowing problems patients in advanced stages will need assistance during meal times and 

special prepared meals. As swallowing problems are described to be progressive in this 

patient group, eventually swallowing in these patients will become unsafe and patients will 

have to be fed through a permanent feeding tube (PEG)4.  

 

Patients with oro-pharyngeal swallowing problems are commonly referred to a speech-

pathologist for further assessment and treatment. The clinical assessment of dysphagia by a 

speech pathologist will consist of observing the swallowing function when swallowing 

saliva, assessment of oral motor function, assessment of laryngeal function (like vocal fold 

closure) and trials with different types (and consistencies) of food5. Although the 

assessment of dysphagia by speech-pathologists has been evaluated in other patient groups 

(like stroke patients or head-and-neck cancer patients), so far no attempts have been made 

to determine the validity of this clinical assessment in patients with multiple sclerosis and 

dysphagia. 

In this study we looked at the validity of several clinical factors of a standard speech-

pathology examination of swallowing problems in patients with severe MS, compared to 

an instrumental examination (flexible endoscopy or FEES), which is considered to be a 

superior standard in dysphagia assessment. Also, we hypothesized that in patients with 

severe multiple sclerosis swallowing problems are more prominent then in patients with 

less severe multiple sclerosis. 
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Subjects and methods 

Patients 

Patients were examined at Nieuw Unicum Rehabilitation Centre in Zandvoort, the 

Netherlands. Nieuw Unicum Rehabilitation Centre is an expertise centre for multiple 

sclerosis and has the highest population of patients with severe multiple sclerosis in the 

Netherlands. At the inclusion, relevant neurological data (like data of definite diagnosis of 

MS), Expanded Disability Status Scale-score and Barthel-score were recorded in the Case 

Record Form (CRF). 

 

Dysphagia assessment by speech pathologist 

Patients were examined by two speech pathologists (DvD, NW), who performed a clinical 

speech pathology assessment. During this assessment motor function of the tongue was 

examined (like lateral movements on command, raising the tip of the tongue, etcetera) and 

laryngeal excursion during swallowing. Observed was whether during clinical tasks or 

swallowing abnormalities were observed. 

Sensibility of the oral cavity was tested by using a cotton tip, while patients were asked 

whether they would feel a difference between the left and right side, when touched in the 

oral cavity. During the clinical assessment also the gag reflex was tested. All results from 

the test were documented in the CRF. 

As it is known that fatigue plays an important role in patients with MS, the dysphagia 

assessment was designed in such way that patients would not take longer than 20 minutes 

for the assessment, limiting the influence of fatigue. 

 

Clinical swallowing tasks: Timed test 

Patient were instructed to drink 100 ml tap water as fast as possible as described by Hughes 

& Wiles (1996) as the “Timed Test”6. As most patients had problems with hand function, 

in our study this task was done by drinking through a straw with fixed dimensions. With a 

chronometer the time between the first movements of the larynx until the glass was 

emptied was measured. The number of swallows needed to swallow the 100 ml was also 

measured. When a patient could not swallow any more or started coughing, the test was 

stopped and the residue in the glass was measured and subtracted from the original amount. 
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Based on measurements above the swallowing the average swallowing velocity (ml/sec) was 

determined. 

 

Clinical swallowing tasks: Dysphagia limit 

This test is described by Yuceyar et al.7 as a quick diagnostic test for dysphagia. In this test 

the maximum volume of tap water that a patient can swallow in one time without 

coughing (or other problems) is determined. In their article Yuceyar et al.7 described that 

patients without dysphagia can easily swallow amounts of 20 ml in one go. Patients with 

dysphagia are described to be able to swallow only lesser volumes of water in one go. These 

authors describe their test as a useful and practical test in determining oro-pharyngeal 

dysphagia in neurological disorders.  

 

Flexible Endoscopic Evaluation of Swallowing 

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

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

blinded for the results of the clinical tests to ensure an optimal objective examination. 

Swallowing function and safety was determined based on the FEES-protocol described by 

Langmore8. Special attention was given to pooling of saliva in valleculae and piriform 

sinuses. If a patient was not aspirating saliva, two different boluses were given to the 

patient: 100 ml water with blue-dye and a spoon of yoghurt. Swallowing safety for these 

consistencies was determined by using the Penetration-Aspiration Scale9. 

 

Statistical analysis 

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

was formally tested for normality with the Kolmogorov-Smirnov test for normality prior 

to further analysis. For determining of a correlation between two parameters a Pearson’s 

correlation coefficient (r) was calculated. 

 

Results 

In this study we enrolled 47 patients with multiple sclerosis. Of all patients, eight patients 

refused the endoscopy and in 14 patients flexible endoscopy was not possible, either due to 
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nose obstruction or due to hyper sensibility which elicited severe tremors of the head as 

soon as the endoscope touched the nasal cavity. 

We examined 25 patients with endoscopy and all patients were already clinically assessed as 

described above. In our cohort we had 10 male patients (40%) and the average age of 

patients was 55.0 years old (SD±8.2). Average time since the definite diagnosis of MS was 

17.9 years (SD±10.3) and their mean score on the EDSS was 8.0 (SD±0.7). Patient data are 

described in Table 1. 

 

Table 1. Included patients 

N=25  

Male 40% (10) 

Age (yrs) 55.0 (min. 41.8; max 72.7; SD±8.2) 

Time since definite diagnosis (yrs) 17.9 (min. 3.6; max 48.3; SD±10.3)  

EDSS score 8.0 (min. 7.0; max. 9.0; SD±0.7) 

Barthel score 3.4 (min. 0; max. 15; SD±3.5) 

 

Dysphagia assessment and clinical tests 

The clinical dysphagia assessment by the speech-pathologist showed that two of our 

patients (8%) had no gag-reflex and 10 patients (40%) had a decreased laryngeal excursion 

when swallowing. In none of our patients a decreased oral sensibility was found. On 

average patients needed 31.6 (±28.8) seconds to drink 100 ml tap water through a straw. 

The minimum amount of time needed to drink this 100 ml was 8.1 seconds, while the 

slowest patient needed almost two minutes (119.6 seconds) to drink this amount of water. 

Twenty one patients underwent the Dysphagia limit test; four patients were not tested 

because of the aspiration risk when drinking thin liquids. Nine patients (43%) were capable 

to swallow 20 ml of tap water or more in one go, while 12 patients (57%) were not capable 

to swallow a bolus of 20 ml in one time. 

 

Flexible endoscopic evaluation of swallowing 

When observing the pharynx and the larynx, in two patients (8%) pooling of saliva was 

seen in the valleculae. These secretions were not aspirated. In 7 patients (28%) pooling in 

one or both piriform sinuses was seen. Of these 7 patients, four patients had minimal 
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pooling. Three patients had significant pooling (i.e. almost an overflow of secretions form 

the piriform sinus into the larynx) and were at risk of aspirating their secretions. One 

patient was clearly aspirating silently his secretions. 

After observing the pharynx and larynx for pooling of secretions, swallowing safety while 

eating or drinking was assessed. In 9 patients (36%) either penetration or aspiration was 

seen when drinking 100 ml blue-dyed water. In one patient (4%) previously unknown 

silent aspiration was seen. 

Of the 9 patients who penetrated or aspirated thin liquids, 4 patients (16%) also had 

penetration of aspiration when eating yoghurt. Twenty-one patients (84%) did not aspirate 

thick liquids. Five patients that aspirated previously on thin liquids did not aspirate on the 

thicker yoghurt consistency. 

 

Estimation of correlations 

First, the Pearson’s correlation coefficient (r) between years since diagnosis of multiple 

sclerosis and scores on the Penetration-Aspiration for both consistencies was determined 

and was found to be 0.14 and -0.08 respectively. Both correlations were not significant. No 

significant correlation was found between the EDSS-scores patients and the swallowing 

safety as determined by the penetration-aspiration scale.  

Again, no significant correlation was found between the Barthel-scores patients and the 

swallowing safety. Table 2 shows the correlations between these parameters. 

The correlation between the EDSS-score and the Barthel-score was found to significant at a 

0.01-level (r=-0.69; p=0.003). 

 

Table 2. Correlation between Barthel-scores, years since diagnosed and aspiration scores on 

FEES 

 EDSS-score Barthel-score Time since diagnosed 

Thin 

liquids 

-0.232 

p=0.41 

-0.195 

p=0.36 

0.140 

p=0.51 

Thick 

liquids 

0.239 

p=0.37 

-0.270 

p=0.20 

-0.077 

p=0.72 
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Secondly, we analysed the data from the Dysphagia assessment as performed by a speech-

pathologist and the findings on the Flexible Endoscopic Evaluation of Swallowing. We 

found no significant correlation between one of the examined parameters and the findings 

during the FEES examination. Table 3 shows the correlations between the swallowing 

safeties of our patients as observed by FEES and as examined by a speech-pathologist. 

 

Table 3. Correlation between clinical assessment and aspiration scores on FEES 

 Gagreflex Laryngeal 

excursion 

Time to drink 100 

ml water 

Swallowing velocity in 

ml/sec 

Thin liquids 0.061  

p=0.78 

0.077 

p=0.73 

-0.450 

p=0.11 

0.331 

p=0.28 

Thick 

liquids 

-0.138 

p=0.53 

0.330 

p=0.12 

  

 

For the validation of the Dysphagia Limit test, we dichotomized the scores on the 

Penetration-Aspiration Scale. A score of ‘1’ or ‘2’ was considered to be a safe swallow; all 

other scores (‘3’ and higher) were considered to be unsafe swallows. 

Table 4 shows the 2 x 2 –Table for the validation of the Dysphagia limit test. 

Based on our data, we found that the Dysphagia Limit test had a sensitivity of 0.53 and a 

specificity of 0.83. Of 15 patients with a safe swallow according to the FEES-examination, 

only 8 patients had a true-positive score on the Dysphagia Limit test and 7 patients (46%) 

had a false-negative score. Of 6 patients that aspirated, 5 were identified by the Dysphagia 

Limit test and one patient had a false-positive score on this test. Positive predictive value 

for the Dysphagia Limit test was determined to be 0.89, with a negative predictive value of 

0.42. 

 

  



Dysphagia assessment in patients with severe multiple sclerosis 
 

69 
 

Table 4.  Validation of the dysphagia limit test 

 Score on PENAS-scale  

 safe (1 of 2) unsafe (>2) total 

Normal 

(≥20 ml) 

8 1 9 

Abnormal 

(<20 ml) 

7 5 12 

total 15 6 21 

 

Discussion 

In our study 9 of 25 patients (36%) showed signs of aspiration. This prevalence is in 

accordance to other previously published articles2,3,4. 

In this study we used both the Expanded Disability Status Scale (EDSS)10 and the Barthel-

index. Prior to this study, we hypothesized that almost all of our patients would score 

≥8.0 on the EDSS, which would not allow us to make a distinct discrimination between 

patients based on this score. We also hypothesized that the use of the Barthel-index would 

show a larger spread of data, which would be more suitable for the estimation of 

correlation parameters. In our study we did not find a significant correlation between the 

EDSS-score, the Barthel-score and the severity of his aspiration risk. Also, the time since of 

definite diagnosis of multiple sclerosis does not correlate with the severity of aspiration 

risk. This suggests that swallowing problems in patients with multiple sclerosis can occur 

in any stage of the disease. As aspiration is a rather frequent finding in these patients, this 

would suggest that a thorough examination of swallowing function on a regular base is 

appropriate. 

 

The relation between EDSS-scores and the Barthel-scores is many times discussed in 

literature11. In our population these scales were found to be correlating significantly (r=-

0.69; p<0.00). These findings support the previous finding of Hobart et al.12 who reported 

a high correlation between de EDDS and the Barthel-index in 66 patients with moderate to 

severe disability (EDSS 5.0-9.0)12. As both scales measure disability, it can be expected that 

on both ends of the scales (either patients with minor disability or patients with severe 
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disability) there would be some overlap between the EDSS and the Barthel Index and thus 

a significant correlation could be expected.  

Also we did not find a clear correlation between factors of a clinical speech-pathology 

assessment and the risk of aspiration in our population, which suggest that a sole clinical 

assessment of swallowing in patients with multiple sclerosis is not sufficient. One should 

bear in mind that a speech-pathology examination is primarily aimed to gather relevant 

neurological data on oral function of a patient for treatment purposes. Except for an 

estimation of sufficient (or insufficient) laryngeal elevation, no data is gathered on the 

pharyngeal events during swallowing. So, the clinical examination might provide a 

therapist valuable information for treatment, but for the sole judgement whether 

swallowing function is safe in our population, this information has shown to be 

insufficient. 

 

The Dysphagia Limit test is a simple water swallow test, as used in many other patient 

populations. Especially in stroke patients, the clinical validity of these tests has been 

evaluated. In several studies these tests were found to be reliable for these patient 

groups13,14. In our study we found a high percentage of false negative scores on the 

Dysphagia Limit Test, which would lead to a situation in which a high percentage of 

patients, who can swallow safely, would not be allowed to eat or drink. This is not a 

desirable situation. Even more, one should raise questions whether the water swallow test 

can predict aspiration safely in our study population. Although the number of patients is 

limited in this study; it failed to ensure a high percentage of true negative scores. Therefore 

the use of a water swallow test in this population cannot be recommended. Based on our 

data it would be recommended to perform an instrumental examination (FEES or 

videofluoroscopy) to determine swallowing safety.  

 

Conclusion 

In our study we examined 25 patients with severe multiple sclerosis and assessed our 

patients for signs of aspiration with help of transnasal flexible endoscopy (FEES). We 

found that dysphagia in patients with severe multiple sclerosis is a common finding, but we 

did not find a correlation between severity of the swallowing problem and the time since 
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the patient was diagnosed with multiple sclerosis. Also, no correlation was found between 

aspiration and scores on the EDSS and Barthel-index respectively. 

Although a clinical examination by a speech pathologist offers valuable information for 

treatment, we found no correlation between outcome of this examination and the risk for 

aspiration. As aspiration is a rather frequent finding in this patient group, this would 

suggest that a thorough examination of swallowing function on a regular base is 

appropriate. Based on our data it would be recommended to perform an instrumental 

examination to determine swallowing safety.  
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Abstract 

Patients and methods 

Data of eleven consecutive patients with chronic dysphagia after stroke was analyzed. Our 

patients were treated for dysphagia with surface-EMG as biofeedback as adjunct to normal 

exercises.  All patients suffered from dysphagia after stroke. The average time post-onset 

was 31.1 months. All patients were previously treated by speechtherapists without success. 

Functional swallowing was estimated using the Functional Oral Intake Scale (FOIS). At the 

start of the treatment eight patients were tube dependent (FOIS <=4). Three patients 

were on an oral diet, but with restrictions (FOIS >=5).  

Results 

Patients were treated on average seven times. Time between first and last treatment session 

was on average 76.1 days (SD±44.0; range 29-168). Pre-treatment the average FOIS was 2.6 

(SD±2.3) and post-treatment 5.6 (SD±1.6). Median scores improved from 1 to 6, showing a 

significant and clinical relevant improvement (z = -2.820: p<0.01) of swallowing function. 

In six patients of initial eight patients with PEG-tubes, the feeding tube could be removed 

after treatment. 

Conclusion 

Our data suggests that the use of surface EMG as biofeedback in the treatment of chronic 

dysphagia after stroke could be an effective adjunct to standard therapy for swallowing 

disorders in eleven patients. 
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Introduction 

In literature, stroke (ischaemic infarct or bleeding in the brain) is often described as one of 

the main causes of dysphagia. About 50% of stroke patients will suffer from swallowing 

disorders, like coughing and choking when eating and drinking1. In many patients the 

swallowing function will recover in a short period (2 months) of time2, but in a small 

group of patients total recovery of the swallowing function can take many months to 

several years3. If the swallowing function fails to recover patients have to be fed through a 

feeding-tube (percutaneous enteral gastrostomy or PEG-tube) to maintain a normal 

nutritional status. A Canadian study4 suggests that 1.25% of all stroke patients will be in 

need of parenteral nutrition (tube-feeding). Elia et al.5 estimate the incidence of stroke 

patients, who are fed over a PEG-tube for over a period of one year, is 1.7% in the United 

Kingdom. More recently a study6 showed that 55% of stroke patients who had a PEG-tube 

placed, still were dependent for tube feeding at a follow-up two years post-stroke. 

 

Publications like Crary (1995)7 and Huckabee & Cannito (1999)8 show however, that the 

treatment of these patients with severe and chronic dysphagia with the use of sEMG as 

biofeedback can be effective. The use of surface electromyography (sEMG) as a biofeedback 

tool in the treatment of dysphagia is relatively new for speech pathologists. Although other 

allied health professionals, like physiotherapists, have already used this biofeedback tool for 

several decades, the first application of sEMG in speech pathology is estimated around 

1990, following by the first publication by Crary in 19958. 

 

Biofeedback is defined as “the technique of using equipment (usually electronic) to reveal to 

human beings some of their internal physiological events, normal and abnormal, in the 

form of visual and auditory signals, in order to teach them to manipulate these otherwise 

involuntary or unfelt events by manipulating the displayed signals”9. The rationale is thus 

that if a patient sees his muscle activity, rather than just feel his muscles contract, he will be 

able to contract his muscles more fierce and therefore he will be able to train his muscles 

faster. The use of surface EMG biofeedback has proven to be effective in other professions 

and patient groups. Although there are only few meta-analysis of studies or reviews 

published on the use of sEMG as a biofeedback tool in the treatment of stroke patients, the 
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In the treatment of dysphagia with sEMG as an adjunct, therapy focuses on repeatedly 

making the Mendelsohn maneuver. This maneuver was designed as a compensatory 

swallowing technique to clear residue from the pharynx14, but has also shown to be 

effective as a rehabilitative exercise for restoring swallowing function8. The Mendelsohn 

maneuver as a rehabilitative exercise may result in a better laryngeal elevation and 

coordination during swallowing15 and is also considered to contribute to a better 

pharyngeal contraction16. A patient is instructed to hold his breath and make a ‘long 

swallow’ or instructed to keep his larynx elevated for several seconds following a swallow.   

 

Our patients were instructed to make a modified Mendelsohn’s maneuver, where the 

patients prolong the laryngeal excursion to a maximum of 10 seconds, instead of 2 to 3 

seconds as in the original maneuver. The rationale for this modification is that we consider 

the Mendelsohn’s maneuver to be an isometric exercise and thus the exercise should be 

performed either fast and often, or at a slower pace with a prolonged contraction17. This 

same principle is used in another exercise for dysphagic patients (Shaker’s head tilt 

exercise), where a combination of faster and slower exercises is combined18. Whereas Figure 

1 showed the characteristics of a normal swallow (a short peak with a total duration of 

about 2 seconds), Figure 2 shows the sEMG-trace of a Mendelsohn maneuver for a period 

of 10 seconds. During dysphagia therapy the patient is asked to make several Mendelsohn 

maneuvers. While watching the sEMG signal on a computer monitor, the patient has an 

immediate feedback of his swallowing performance. 
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Efficacy of sEMG as biofeedback in patients with chronic neurogenic dysphagia 

As a pilot study, to establish data for a further randomized clinical trial, the data on 

chronic dysphagic stroke patients, who were treated in our department with sEMG as an 

adjunct to dysphagia therapy, was analyzed. 

 

Patients 

Retrospectively the data of 11 consecutive patients with chronic dysphagia after stroke, 

who were treated with surface EMG as biofeedback between 2002 and 2004, was analyzed.  

Our patients (10 males, 1 female) aged from 54.0 to 71.4 years (mean 61.1, SD±7.6) were 

treated for dysphagia with surface EMG as biofeedback as adjunct to normal exercises. All 

patients suffered from dysphagia after stroke (10 patients had brainstem lesions, 1 patient 

had a left cortical lesion) and had received rehabilitative treatment in various rehabilitation 

facilities. Although some patients still had physiotherapy at these centres in a day-care 

setting, most of them were discharged of further therapy. All patients lived at home with 

their spouses. The average time between onset of stroke and the first treatment session at 

our clinic was 30.6 months (SD±42.4; range 5.0-145.0) and all patients were treated 

previously by a speech pathologist for their swallowing problems, without success.
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Functional swallowing ability of each patient was estimated using the Functional Oral 

Intake Scale (FOIS), a 7-point ordinal scale reflecting patient report of food/liquid safely 

ingested by mouth on a consistent basis19, see Table 2.  

 

Table 2.  Functional Oral Intake Scale (FOIS) 

Level Description 

1 Nothing by mouth 

2 Tube dependent with minimal attempts of food or liquid 

3 Tube dependent with consistent oral intake of food or liquid 

4 Total oral diet of a single consistency 

5 Total oral diet with multiple consistencies but requiring special preparation or 

compensations 

6 Total oral diet without special preparation, but with specific food limitations 

7 Total oral diet with no restrictions 

 

At the start of the treatment eight patients were fully tube dependent for nutrition (i.e. 

FOIS <=3). The other three patients were already capable of eating and drinking, but had 

restrictions and limitations to certain consistencies (i.e. FOIS >=4).  Patients had an 

average score on the FOIS of 2.6 (SD±2.3) before starting the treatment with sEMG 

biofeedback. Median pre-treatment score was 1. 

 

Methods 

Treatment consisted of maintaining a swallow for 8 to 10 seconds (i.e. modified 

Mendelsohn’s maneuver) every 30 seconds for a period of 20 minutes per treatment session. 

Swallowing activity was visualized by the use of surface EMG of the submental muscles, 

using MyoTrac III-equipment (ThoughtTechnology, Canada) on a standard computer with 

a 17-inch monitor. 

 

Initially patients were received treatment in our clinic once a week, as the swallowing 

function showed improvement, the frequency of treatment was changed to one session by-

weekly. When not receiving treatment in our clinic, patients were instructed to repeat 

these exercises, without the use of sEMG biofeedback, at home 2 to 3 times a day (in total 
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40 to 60 repetitions daily). As an alternative for sEMG biofeedback in the home setting, the 

patients were instructed to lay their index finger horizontally over the thyroid region, so 

that they could feel laryngeal movement.   

 

If a patient’s swallowing clinically improved (i.e. less coughing on saliva swallowing, less 

spitting out of saliva or in the morning a dryer pillow (indicating that the patient 

swallowed his saliva during his sleep)) and the patient did not have any sign of pulmonary 

complications (fever, chest pain, coughing up green or yellow mucus), the patient was 

instructed to start to swallow small sips of water during the day in the home setting. The 

patient was also instructed to monitor his temperature daily with a thermometer and was 

instructed to consult his general practitioner immediately if there were signs of fever (and 

thus possible aspiration pneumonia). 

If a patient could swallow little sips of water during the day for several weeks without any 

complications, a flexible endoscopic evaluation of swallowing (FEES)20 was performed to 

evaluate whether the patient also could swallow other boluses safely. As FEES is available 

in the department, this procedure was performed on patients prior to a change of dietary 

level; if clinically the swallowing had improved (i.e. could swallow a certain viscosity for 

several weeks without any pulmonary problems (aspiration pneumonia), FEES was 

performed with other boluses to establish swallowing-safety.   

Statistical analysis was carried out using SPSS 12.0 (SPSS, Chigago, IL, USA). A Wilcoxon 

(paired) analysis was used to detect significant changes in swallowing scores. 

 

Results 

Eight patients were treated until they reached a satisfactory level of oral intake. One 

patient died during his sleep of a myocard infarction before treatment was ended and one 

patient chose for functional surgery (laryngectomy) as further treatment.  Both patients 

had to that point benefited from described treatment; 2 respectively 1 point increase on the 

FOIS-scale. The data of these patients was included in the data analysis, according to the 

intention-to-treat principle. One patient stopped therapy because of complaints of dizziness 

during the exercises at home. 
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As a group, all patients were treated on average 7 times (SD±3.3; range 3-15). Time 

between first and last treatment session was on average 76.1 days (SD±44.0; range 29-168). 

Post-treatment the average score on the FOIS was 5.6 (SD±1.6) with a median score of 6. 

A Wilcoxon (paired) analysis showed a significantly and clinically relevant improvement (z 

= -2.820: p<0.01) of swallowing function. In the initial 8 patients with PEG-tubes, the 

feeding tube could be removed in 6 patients after treatment, establishing a 75% success rate. 

Of these 6 patients were the PEG-tube could be removed, three patients had no limitations 

to their oral diet (FOIS 7) and three had only small limitations (FOIS 6). 

 

Of the three patients that prior to the treatment were already on a partially oral diet, one 

patient (initial FOIS-score: 6) stopped treatment because of complaints of dizziness. The 

two other patients (FOIS 5 and FOIS 6 resp.) completed the treatment and at discharge 

they had no limitations to their oral diet (FOIS 7). 

 

From the time of the start of the treatment in our department until discharge, each patient 

underwent three to four FEES examinations. None of our patients developed an aspiration 

pneumonia or other pulmonary complications. 
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Table 3: Treatment data and outcomes 

Patient No. of 

sessions 

Total days of 

Tx 

FOIS 

pre Tx 

FOIS 

post Tx 

PEG 

pre Tx 

PEG 

post 

Tx 

1 4 46 6 7 No No 

2 6 63 1 6 Yes No 

3 7 56 1 6 Yes No 

4 3 77 6 7 No No 

5 7 63 1 7 Yes No 

6 6 77 2 6 Yes No 

7 4 49 2 6 Yes No 

8 6 56 1 3 1 Yes Yes 

9 4 29 6 9 2 No No   

10 15 168 1 2 3 Yes Yes 

11 9 153 1 6 Yes No 

Mean 

(±SD) 

Median 

 6.4 (± 

3.3) 

6 

76.1 (± 44.0) 

63 

2.6(± 2.3) 

1 

5.6(± 1.6) 

6 4 

  

 
1 = patient † (MCI) 
2 = treatment stopped due to complaints of dizziness 
3 = patient chose for laryngectomy as other treatment option 
4 = significant improvement (z = -2.820: p<0.01) 

 

Discussion 

Our data supports previous reports that the use of surface EMG as biofeedback in the 

treatment of chronic dysphagia after stroke is an effective adjunct to standard therapy for 

swallowing disorders in these patients. 

 

A limitation to our data is that the first patients were not treated according to a specific 

protocol and therefore not only had Mendelsohn maneuvers with sEMG-biofeedback as a 

rehabilitative exercise. Some patients combined the sEMG-biofeedback treatment with 
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exercises as the Masako-maneuver and the Shaker Head Tilt exercise21. But as all of our 

patients failed to make any progression to previous received speech therapy, where they 

already tried these exercises without any progress, the progression in functional swallowing 

our patients made can be considered more as a result of the introduction of sEMG as a 

biofeedback tool, then as an effect of these specific exercises. 

 

The outcome in our study differs from other articles7,8. This might be due to a different 

treatment intensity and treatment frequency as training of muscle strength and muscle 

coordination is considered to be dependent on the intensity and frequency of treatment22. 

In our treatment program, patients perform the Mendelsohn maneuver for 10 seconds, 

where in the Crary-study7 patients contract their muscles less. Furthermore, in the 

described treatment in the articles often is seen that also another range of rehabilitative 

exercises are introduced during the sessions, so that any given result cannot be described to 

the use of sEMG as biofeedback16. In cases when the intensity of the given treatment is 

described, it differs from article to article. Only Huckabee & Cannito (1999)8 describe the 

therapy intensity rather clearly. In two articles7,19 is described that patients use sEMG-

equipment at home while doing exercises, where as in other studies the sEMG-equipment is 

only used when the patient visits the institution. These differences in treatment intensity 

make comparisons of these articles and their respectively treatment outcomes not possible. 

 

Three patients did not end the treatment: one patient died in his sleep of heart problems, 

one stopped treatment because of problems with dizziness and one patient chose to have 

functional surgery (laryngectomy) as a possible solution for his inability to swallow. Their 

data was included in the analyses on a group level as it is unknown whether in other studies 

patients have dropped out of the therapy program and if so, the reason for a possible drop-

out in other articles is not clearly described. Also, deleting the data from our study would 

introduce a selection bias to our study. 

   

Conclusion 

To conclude, our study suggests that sEMG as biofeedback in the treatment of chronic 

dysphagia after stroke would an effective adjunct to standard therapy for swallowing 

disorders in eleven stroke patients. However, critical appraisal of existing literature and 
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methodological limitations to our study show the need of setting up randomized controlled 

trials, with clear treatment protocols and treatment intensity, in this area of dysphagia 

treatment in the near future, to provide evidence on the efficacy and efficiency of sEMG-

biofeedback in the treatment of dysphagic patients.   
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Abstract 

The use of surface EMG (sEMG) biofeedback has proven to be effective in different 

professions and patient groups, mainly in the rehabilitation of arm or leg function in stroke 

patients. The first publication on sEMG as biofeedback in swallowing rehabilitation was 

published as a case study in 1991. A systematic review was conducted to detect and 

compare all relevant studies to assess the quality of published articles on this topic and to 

investigate whether the use of sEMG biofeedback is effective in dysphagic stroke patients. 

A computer-assisted search was developed using the biomedical databases Pubmed, 

CINAHL and EMBASE. For assessing the quality of included articles the Physiotherapy 

Evidence Database-scale or PEDro scale was used. 

Forty-one articles were identified, of which six met our inclusion criteria. No randomized 

controlled trials were identified; all studies had a pre-treatment vs. post-treatment design. A 

total of 55 stroke patients are described in literature. Forty-seven patients were depended 

on non-oral feeding prior to the treatment. Thirty-three patients returned to an oral diet 

after treatment. The overall risk reduction ratio of the treatment of biofeedback in 

dysphagic stroke patients dependent on non-oral feeding was estimated to be 2.65 (95% CI: 

1.81-3.86). 

This review shows that the scarce literature on efficacy of sEMG biofeedback shows a 

potential benefit in favour of this treatment. Further research on the efficacy of sEMG-

biofeedback in the treatment should clearly describe (randomized controlled) trials with 

clear treatment protocols on treatment intensity and type of exercise(s).  
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Introduction 

An estimated 15 million people worldwide survive minor strokes each year; one in 450 

people have a stroke every year1. Stroke is a common cause for dysphagia.  About 50% of 

stroke patients will suffer from swallowing disorders, like coughing and choking when 

eating and drinking2. 

In many patients swallowing function will recover in a short period (≤2 months) of time, 

but in a small group of patients total recovery of the swallowing function can take many 

months to several years3.  

In general, after a stroke, patients with swallowing problems will receive treatment by a 

speech pathologist in the acute care setting, like a stroke unit in an acute hospital. In the 

rehabilitation process following stroke, swallowing therapy is normally also provided by 

speech pathologists in rehabilitation centres, nursing homes and private practises. 

Swallowing function will recover in the majority of patients in a period of several months 

due to spontaneous recovery and swallowing therapy4, but a large group will not recover 

from these problems within 3 months. In a recent study4 only 55% of patients returned to 

oral feeding after stroke. In other studies a recovery rate of 80% is reported5. If swallowing 

does not recover, the patient will have to be fed through a feeding tube, in most cases a 

percutaneous gastro(jejuno)stomy will be placed by a surgeon. The incidence of patients 

not recovering from dysphagia after stroke, who are depend on tube feeding for 

maintaining adequate nutritional status, is estimated between 1,25% and 1,7%6,7. Although 

tube feeding is a necessary to maintain nutritional status, several studies suggest that tube 

fed stroke patients have a higher mortality than patients that stroke patients who eat and 

drink. This higher mortality rate is ascribed to a higher incidence of aspirationpneumonia, 

higher incidence of gastro-esophageal reflux and a higher rate of infections. Recent 

published studies, however, suggest that either treatment of these patients with surface 

electromyography (sEMG) as biofeedback8,9 might restore swallowing, allowing patients to 

return to normal eating and drinking. 

 

Biofeedback is defined in short as “teaching patients with the help of electronic equipment 

to reveal physiological events”10. The rationale is that a patient, who sees his or hers muscle 

activity, will be able to train muscles better and faster than in a situation where the patient 

just feels the muscles contract. 
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The use of surface EMG biofeedback has proven to be effective in different professions and 

patient groups, mainly in the rehabilitation of arm or leg function in stroke patients. 

Although there are only few meta-analysis of studies or reviews published on the use of 

sEMG as a biofeedback tool in the treatment of stroke patients, the trend of the published 

meta-analyses and reviews directs to a positive treatment effect of EMG as biofeedback in 

stroke patients in the treatment of upper and lower extremities11,12. 

The first publication on sEMG as biofeedback in swallowing rehabilitation was published 

as a case study in 199113. In swallowing rehabilitation sEMG is used by displaying the 

electrical activity of the submental muscles on a computer screen. Electrodes are therefore 

placed under the chin. The submental muscles are important for laryngeal elevation during 

swallowing and the sEMG-signal is proven to correlate with swallowing activity. Therapy 

consists mainly of one exercise (i.e. the Mendelsohn maneuver), where a patient is 

instructed to prolong a swallow and thus contracting his supralaryngeal and suprahyoidal 

muscles, which is visualized with sEMG14. This maneuver was designed as a compensatory 

swallowing technique to clear residue from the pharynx15, but has also shown to be 

effective as a rehabilitative exercise for restoring swallowing function16. 

 

All mentioned studies on swallowing rehabilitation and sEMG are relatively small in terms 

of sample size, and no definitive conclusions can be drawn. Therefore we conducted a 

systematic review to detect and compare all relevant studies to assess the quality of 

published articles on this topic and to investigate whether the use of sEMG biofeedback is 

effective in dysphagic stroke patients. 

 

Methods 

Search strategy and selection of articles 

A computer-assisted search was developed and performed by two independent reviewers 

(HB, JK) using the biomedical databases Pubmed, CINAHL and EMBASE to identify all 

relevant articles published until from the initiation of the databases up to July 2008.  Table 

1 shows the relevant search strategies. 
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Table 1. Used search strategies 

Pubmed Deglutition AND Deglutition Disorders AND Biofeedback AND 

Electromyography 

CINAHL Deglutition and Biofeedback and Electromyography 

EMBASE Deglutition AND Biofeedback 

 

In additionally we used the technique of reference tracing and also included non-indexed 

studies known to the authors. Initially no language limitations were used.  

First studies were selected based on title and included were those with the following 

criterion:  describing the treatment effects of surface EMG as an adjunct to dysphagia 

therapy. From selected articles abstracts were reviewed and a further selection was made 

based on the criterion that the article should address adult stroke patients.  Disagreements 

in the selection process were solved by discussion.  

 

Quality assessment 

For assessing the quality of included articles the Physiotherapy Evidence Database-scale or 

PEDro scale17 was used. The PEDro scale is based on the Delphi list developed by 

Verhagen et al.18 and is an 11-item scale designed for rating methodological quality of 

studies. Each satisfied item (except for item 1, which, unlike other scale items, pertains to 

external validity) contributes one point to the total PEDro score (range=0–10 points)17. A 

PEDro scale score of 4 points or higher is considered high quality, whereas studies with a 

score of 3 points or lower are considered lower quality19. Table 2 shows the items on the 

PEDro scale. 

 

Table 2. The PEDro-scale 

1. Eligibility criteria were specified. □ no □ yes 

2. Subjects were randomly allocated to groups (in a crossover 

study, subjects were randomly allocated an order in which 

treatments were received). 

□ no □ yes 

3. Allocation was concealed. □ no □ yes 

4. The groups were similar at baseline regarding the most □ no □ yes 



Chapter 7 

102 
 

important prognostic indicators. 

5. There was blinding of all subjects. □ no □ yes 

6. There was blinding of all therapists who administered the 

therapy. 

□ no □ yes 

7. There was blinding of all assessors who measured at least one 

key outcome. 

□ no □ yes 

8. Measures of at least one key outcome were obtained from 

more than 85% of the subjects initially allocated to groups. 

□ no □ yes 

9. All subjects for whom outcome measures were available 

received the treatment or control condition as allocated or, 

where this was not the case, data for at least one key outcome 

was analysed by "intention to treat" 

□ no □ yes 

10. The results of between-group statistical comparisons are 

reported for at least one key outcome. 

□ no □ yes 

11. The study provides both point measures and measures of 

variability for at least one key outcome. 

□ no □ yes 

 

Data analysis 

Review Manager 5.0 (The Nordic Cochrane Centre, Copenhagen) was used for pooling of 

data of selected articles and testing the pooled data for heterogeneity.  The same software 

package was used to calculate funnel plots to detect possible publication bias and to 

calculate a Forest-plot to determine an overall effect of the use of sEMG as biofeedback in 

the treatment of dysphagic stroke patients. 

 

Results 

The Pubmed search yielded twenty-three references of which five were selected for review 

of their abstract based on the article title. Of these four articles, two articles20, 13 were 

excluded, because the first article focused on treatment of peptic ulcers and the second 

article did not include stroke patients. The other three articles were included in this review. 

The search in CINAHL revealed fifteen articles of which fourteen were not identified by 

the previous Pubmed search. One abstract21 was selected for further reviewing. After 

reviewing the abstract it was excluded from our review because in this study an 
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accelerometer was used for biofeedback and not sEMG. The EMBASE search revealed one, 

previously not identified, reference which did not meet our inclusion criteria. A further 

three more articles were found by reference tracing and all three were included in this 

review. Table 3 shows the inclusion process of selected articles. Finally, a total of six 

articles were included for further quality assessment and statistical analysis.  

 

Table 3. Inclusion of articles  

 Pubmed CINAHL EMBASE Reference 

tracing 

Number of hits 23 15 1 3 

Previous not 

found in other 

database 

23 14 1 3 

Number of 

selected 

abstracts 

5 1 0 3 

Number of 

included studies 

3 0 0 3 

Total included  

Studies 

(cumulative) 

3 3 3 6 

 

Data extraction from included articles 

Finally six studies were included in this review and the full articles were reviewed for data. 

All included studies described relatively small groups of patients. Three included studies 

described only the effects of sEMG biofeedback in a stroke population. In two articles22,23 

the patient groups were not homogeneous and a mixture of stroke patients and head-and-

neck surgery patients were described in these articles. In the Huckabee-study16 three 

patients were included with dysphagia after a neurosurgical procedure.  

In all included articles the non-stroke patients were removed from our data files and the 

average time since stroke-onset was calculated for the stroke patients. In one study22 only 

data was provided since how many months the patient had dysphagia. In this review, this 
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data was considered to represent a indication for the amount of months post-onset of 

stroke. In one study23 no data was available of how many months post-onset of stroke the 

patients were at the beginning of their therapy. Furthermore, the number of patients 

depending on non-oral feeding (naso-gastric tube or PEG-tube) prior to sEMG biofeedback 

therapy was determined for further analysis. 

In the six included articles a total of eighty-one patients are described of which are fifty-five 

stroke patients.  Prior to the swallowing therapy with sEMG biofeedback, the majority of 

these patients were on non-oral feeding (85%, N=47). A total of thirty-three stroke 

patients with non-oral feeding recovered their swallowing ability after therapy and 

returned to a full oral diet (70%); fourteen patients remained dependent for non-oral 

feeding to maintain nutritional status. The data extracted from the included articles is 

presented in Table 4. 

 

Table 4. Overview of included articles and patient data 

Study Total 

number of 

included 

patients 

Total 

number of 

included 

stroke 

patients 

Average months 

since onset of 

stroke 

(SD, min-max) 

Number of 

stroke 

patients on 

non-oral 

feeding at 

inclusion 

Number of 

stroke 

patients on 

non-oral 

feeding after 

therapeutic 

intervention 

Bogaardt, 2009 11 11 33.1 (±42.4; 5-

145) 

9 2 

Bogaardt, 2003 4 4 17.8 (±12.4; 5-32) 3 0 

Crary, 2004 45 251 24.82 20 9 

Crary, 1995 6 6 18.8 (±18.0; 5-54) 6 1 

Huckabee, 1999 10 73 31.6 (±29.0; 8-84) 7 2 

Stanschus, 2002 5 24 N/A5 2 0 

total 81 55 26.26 47 14 
1 = study also describes twenty patients after head-and-neck surgery 
2 = only the average number of months with dysphagia is described in article 
3 = study also includes three patients with dysphagia after neurosurgery 
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4 = study also describes three patients after head-and-neck surgery 
5 = not described in the article 
6 = average months post onset of stroke based on available data 

 

Quality assessment of included studies 

This review included six articles; none of the articles described a randomized controlled 

trial. All six articles described baseline and post therapy swallowing problems in their 

patients.  

The PEDro scale was used to assess the methodological quality of these included articles. In 

only three articles the criteria for eligibility for enrolling this therapy is described; in the 

other articles it remains unclear why the patient was treated with sEMG biofeedback as an 

adjunct to dysphagia therapy and selection bias cannot be ruled out. Two studies8,23 did not 

describe point measure of the size of the treatment effect nor did they present “measures of 

variability”, like standard deviations, confidence intervals etcetera. None of the included 

studies reported that the assessor was blinded for the therapy outcome, which does not rule 

out observer bias in these studies. 

PEDro scores ranged from two to four, where only four articles (Bogaardt et al., 2009; 

Crary et al., 2004; Crary, 1995; Huckabee & Cannito, 1999)8, 9, 16, 22 reached the 4-point 

level, indicating a high quality study19. 

 

Table 5. PEDro scale scores of included articles 

 Bogaardt, 

2009 

Bogaardt, 

2004 

Crary, 

2004 

Crary, 

1995 

Huckabee, 

1999 

Stanschus, 

2002 

1. Eligibility 

criteria1 

+ - + + - - 

2. Random 

allocation 

- - - - - - 

3. Concealed 

allocation 

- - - - - - 

4. Similar 

baseline 

- - - - - - 
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5. Blinding 

patients 

- - - - - - 

6. Blinding 

therapist 

- - - - - - 

7. Blinding 

assessor 

- - - - - - 

8. Outcome 

>85% 

+ + + + + + 

9. Intention 

to treat 

+ + + + + + 

10. Between 

group 

comparison 

+ - + + + - 

11. PM / 

MoV2 

+ - + + + - 

PEDro score 4 2 4 4 4 2 
1 = criterion is not used for calculating the PEDro score (Maher, 2003) 
2 =  PM: point measure; MoV: measure of variability 

 

None of the selected studies has used a control group of patients to compare the treatment 

results.  The role of spontaneous recovery of swallowing function cannot be ruled out in 

many cases.  Looking at the patient’s data as presented in the articles, most neurological 

patients can be considered as chronic patients, where no spontaneous recovery is to be 

expected. In three articles (Bogaardt et al., 2009; Bogaardt, 2003; Huckabee & Cannito, 

1999)14,8,16 is clearly described that treated patients where patients, who did not experience 

any functional benefit from previous received conventional speech therapy.  Only one 

study (Huckabee & Cannito, 1999)16 describes the therapeutic intensity (i.e. sessions per 

week, time per session) rather clearly.  Other studies remain unclear on treatment 

intensity.   

Clinical treatment outcome-measures differ from article to article. Outcome measures using 

a surrogate outcome, like oropharyngeal swallowing efficiency, is used in the Stanschus 

study23. Patient related outcome measures, like the Functional Oral Intake Scale are used in 
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other studies (Crary, 2004; Bogaardt et al., 2009)22,14. One study uses an outcome scale 

which cannot be considered clinimetrical valid (Huckabee & Cannito, 1999)16. None of the 

studies measures therapeutic outcomes both on a functional level as on a level from the 

patients’ perspective.  

 

Meta-analysis of included articles 

Due to the differences in therapy outcomes in included articles the most robust difference 

between pre treatment and post treatment dysphagia severity reported in all six studies was 

chosen, i.e. the number of patients dependent for non-oral feeding prior to treatment 

against the number of patients who returned to oral feeding after treatment. This data is 

previously described in Table 4.  

Comparing the number of non-orally fed patients before treatment to the number of 

patients non-orally fed after treatment provides a “Risk Ratio” (i.e. risk reduction) of each 

study as an estimated overall effect-size for the specific intervention in the study. The Risk 

Ratios of all included studies were calculated by using Review Manager 5.0 and are 

presented in Table 6. The data was formally tested for heterogeneity (τ²=0.00; χ²=2.71, 

df=5 (p=0.74); I²=0%) showing no heterogeneity in our data, allowing an estimation of an 

overall effect of the intervention. Based on the data derived from selected articles, the 

overall risk ratio of the treatment of biofeedback in dysphagic stroke patients dependent on 

non-oral feeding was estimated to be 2.65 (95% CI: 1.81-3.86), using a random effects 

model. Using a fixed effects model the estimated ratio was 2.94 (95% CI: 1.98-4.37). An 

additional funnel plot was conducted and revealed no publication bias in this data set. 

Table 6 presents the meta-analysis of included data. Based on the data derived from the 

selected articles the number-needed-to-treat is equal to 1.6. 
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Table 6. Meta-analysis of included data 
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Discussion 

For this review we identified six articles on the treatment effects of sEMG biofeedback in 

the treatment of dysphagia in stroke patients. No randomized controlled trials were 

identified; all studies had a pre-treatment vs. post-treatment design (i.e. case-series).  All 

included articles report good therapy outcomes. The question arises whether the use of 

sEMG biofeedback in the treatment of stroke patients is more effective than other 

interventions.  

 

Mann et al.5 reported that in 128 acute stroke patients of which 64% had dysphagia. Six 

months after their stroke 87% of this cohort returned to their pre-stroke diet. Recovery of 

swallowing function in this cohort is described to be the result of spontaneous recovery 

and rehabilitative interventions5. 

In our meta-analysis a total of forty-seven stroke patients on a non-oral diet were included. 

Thirty-three patients recovered swallowing ability and returned to a full oral diet; fourteen 

patients did not show progress on their swallowing function. Thus, overall 70% of all 

patients improved from non-oral to an oral diet. This percentage is lower than the outcome 

reported in the Mann-study. In our meta-analysis the average time post-stroke however was 

26.2 months, thus all included patients can be considered to be chronic dysphagic. It is very 

unlikely that spontaneous recovery had any influence on our included population. This 

suggests that the use of sEMG biofeedback has a strong therapeutic effect in stroke patients. 

Unfortunately, there are no studies available on the effects of sEMG biofeedback in the 

acute stroke population.  One might suggest that if sEMG biofeedback is effective in 

chronic stroke patients, this effect will also be applicable to acute stroke patients with 

dysphagia. A large randomized controlled trial would be necessary to study these effects of 

sEMG biofeedback in the acute population. The question arises whether such a trial can be 

set up because a very large number of patients will have to be included because the data has 

to be corrected for spontaneous recovery. 

 

The patients in selected studies can be considered chronic dysphagic after stroke, suggesting 

that any progress in swallowing function could be related to the use of sEMG as an adjunct 

in dysphagia therapy. Unfortunately the included studies do not clearly describe the 

treatment frequency and treatment intensity of which patients were subjected to. Training 
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of muscle strength and muscle coordination in stroke patients is considered to be highly 

dependent on the intensity and frequency of treatment24. The influence of differences in 

treatment intensity and frequency between included studies cannot be ruled out. There are 

also differences in the way patients were instructed to do some exercises, when reported in 

the articles. In the Crary-study22 and the Bogaardt-study14 both patient groups are 

instructed to make a Mendelsohn maneuver, however in the latter study patients are 

instructed to maintain muscle contractions for ten seconds, where in the first study patients 

are instructed to maintain muscle contraction for three to five seconds. 

Furthermore, in the described treatment in the articles often is seen that also another range 

of rehabilitative exercises are introduced during the sessions, so that any given result cannot 

be solely described to the use of sEMG as biofeedback in combination with one exercise.  

 

Further research on the efficacy of sEMG-biofeedback in the treatment should clearly 

describe (randomized controlled) trials with clear treatment protocols on treatment 

intensity and type of exercise(s). Also further research should establish whether sEMG-

biofeedback in combination with the Mendelsohn maneuver alone is a sufficient and 

effective treatment for chronic dysphagic patients or that a combination with other 

exercises is more effective.  

 

Conclusion 

This review shows that the scarce literature on efficacy of sEMG biofeedback shows a 

potential benefit. Six articles were identified on the efficacy on this adjunct to therapeutic 

intervention. A total of 55 stroke patients are described in literature. Described patients can 

be considered to be chronic dysphagic; forty-seven patients were depended on non-oral 

feeding prior to the treatment. Thirty-three patients returned to an oral diet after 

treatment. 

Surface EMG as biofeedback in the treatment of chronic dysphagia after stroke is an 

effective adjunct to standard therapy for swallowing disorders.  Critical appraisal of 

existing literature however shows the need of setting up randomized controlled trials, with 

clear treatment protocols and treatment intensity, in this area of dysphagia treatment in the 

near future, to provide even more valid evidence on the efficacy and efficiency of sEMG-

biofeedback in the treatment of dysphagic patients.  
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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). 
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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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Abstract 

Neuromuscular electrostimulation (NMES) is a method for stimulating muscles with short 

electrical pulses. Neuromuscular electrostimulation is frequently used in physiotherapy to 

strengthen healthy muscles (as in sports training) or to prevent muscle atrophy in patients. 

The first article on the use of NMES as a motor treatment in dysphagic patients was 

published in 2001. The study involved treating a group of stroke patients with NMES. The 

supralaryngeal muscles were stimulated using transcutaneous electrostimulation. On the 

basis of that study and additional reports from the same researcher, a commercial product 

was developed and marketed. The way in which this product was designed by its producers 

and evaluated in publications has rendered the use of NMES in the field of dysphagia 

treatment controversial.  

Recent literature reports are rather mixed about the effects of NMES on swallowing 

physiology and possible treatment outcomes. However, critical appraisal of the literature 

on NMES in dysphagia treatment shows a diversity of treatment parameters, which may be 

a confounder for the different outcomes in these studies.  

NMES is used with a variety of different parameters for different types of treatment since 

muscle contraction is dependent on different electrical parameters. 

A standard operation protocol for the use of NMES in the treatment of dysphagia seems to 

be required in order to study the outcomes of this treatment modality in different 

populations. The current controversy seems to be a threat to the potential benefits of 

NMES in the treatment of dysphagia.  
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An introduction to neuromuscular electrical stimulation 

Neuromuscular electrostimulation (NMES) is a method for stimulating muscles with short 

electrical pulses. Since the late 18th century, it has been well known that muscles contract 

when an electrical stimulus is applied to the muscle or its innervating nerve. The first 

author to publish about this phenomenon was Luis Galvani in 1791. Since Galvani's time, 

electrical stimulation has acquired a position in physiotherapy and it is now a well-

researched part of many rehabilitation programs. 

Neuromuscular electrostimulation is frequently used in physiotherapy to strengthen 

healthy muscles (as in sports training) or to prevent muscle atrophy in patients. Good 

therapy outcomes have been reported in cases where electrostimulation is combined with 

active exercises. This combination of active exercising with electrostimulation has a distinct 

advantage over traditional physiotherapy without the use of NMES1. In 2005, Umarova et 

al.2 published a study in which they showed that motor function in stroke patients 

recovers faster with the help of NMES than in a control group treated without NMES. 

In the literature currently available, the effects of NMES on healthy muscle have been well 

described as an adjunct to traditional therapy for training muscles and muscle groups faster 

and better. The literature also supports the therapeutic application of NMES to enhance 

muscle strength, retard muscle atrophy, and reduce spasticity3,4. The first PubMed citation 

on the use of NMES dates from almost two decades ago5. Since that first study, more than 

200 studies have been published about the use of NMES. 

 

Neuromuscular electrical stimulation in dysphagia treatment 

The first article about the use of NMES as a motor treatment in dysphagic patients was 

published by Freed et al.6 in 2001, and it described treatment of a group of stroke patients 

with NMES. In that study, the supralaryngeal muscles were stimulated using 

transcutaneous electrostimulation. The aim of the electrical stimulation was to stimulate 

the muscles responsible for laryngeal elevation during swallowing. Two muscle groups 

were therefore stimulated: the m. thyrohyoideus and the mouth floor muscles (m. 

digastricus). The m. thyrohyoideus runs between the hyoid and the thyroid and 

contraction of this muscle during swallowing causes the vertical elevation of the larynx. 

The mouth floor muscles cause an anterior movement of the hyoid during swallowing, so 
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that during swallowing the larynx also moves forward and causes the upper oesophagus 

sphincter to open7. 

According to the authors, the clinical results of this treatment were superior to those for a 

control group6, although the data presented in this initial publication were unconvincing 

because of the poor description of the procedure itself, the mixed use of standard therapy 

with the electrical stimulation procedure, and the use of cricopharyngeal myotomy or 

cricopharyngeal dilatation in many patients without any clear description of how, why, 

and when these procedures were performed. In addition, the underlying 

neurophysiological basis for using the procedure that involves surface electrode placement 

on the external lateral neck was poorly defined.8  

Nevertheless, this study by Freed et al.6 and additional reports by the same researcher led to 

the development and marketing of the commercial product "VitalStim". In their 

advertisements and on their website the manufacturers of VitalStim claim to have obtained 

“better and faster results than any traditional therapy”. Careful review, however, of the 

current literature on the effectiveness of treatment using VitalStim results in an interesting 

observation. Generally, studies using non-blinded subjective outcome measures based on 

non-validated rating scales reported potential success with the VitalStim treatment. If, 

however, blinded and more objective measures such as myoelectric activity, hyoid 

movement or biomechanics were defined as outcome measures, then no positive effect was 

reported9. 

The design of VitalStim by its producers and the way it has been evaluated in publications 

has also made many clinical investigators and clinicians think carefully about how a new 

procedure should be designed, evaluated, and introduced for commercial gain. Generally, 

there should be a strong neurophysiologic rationale for the procedure’s application to a 

particular patient group or groups, followed by studies that define the efficacy of the 

procedure in a small group of patients, preferably a homogeneous group, before moving on 

to a study of a larger group of patients, preferably several groups representing different 

diagnoses. A clinical trial should then be developed if the procedure is found to be effective 

in studies of smaller groups. The producers of VitalStim skipped all of the steps described 

here8. Nowadays, it would seem that the brand name "VitalStim" is more widely known 

among speech pathologists and in the medical field than the actual name of this application: 

neuromuscular stimulation. Given the situation described above, NMES in the field of 
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dysphagia treatment has become controversial. This controversy could be the result of the 

failure of the producers of VitalStim to assume their responsibility to the clinical research 

world and patients with dysphagia, who are desperate for additional treatment procedures. 

Much more research is needed to determine whether methods of neuromuscular electrical 

stimulation have any role to play in the management of oropharyngeal swallowing 

difficulties in any specific patient group8. 

 

Recent literature about the use of NMES in dysphagia treatment 

In 2003, Leelamanit et al.10 published a study of the positive clinical effects of a treatment 

programme with NMES on patients with chronic dysphagia. Unfortunately, this study was 

flawed methodologically. Consequently, in 2003, Burnett et al.11 published a study in which 

the muscles in the floor of the mouth in 15 healthy persons were stimulated with hooked-

wire electrodes. This study showed that stimulation with a 30 Hz frequency and a phase 

duration of 200 µsec of the submental muscles would result in a laryngeal elevation of 

about 50% of the laryngeal elevation accomplished during swallowing. Researchers 

concluded that NMES could possibly contribute to swallowing rehabilitation in patients 

with swallowing disorders11. 

In 2006, two studies were published on the outcomes of NMES in dysphagia therapy with 

opposing conclusions. Blumenfeld et al.12 concluded that, in a cohort of 40 patients, 

treatment of dysphagia with NMES is superior to conventional treatment, whereas Kiger et 

al.13 published a small randomised trial with 22 patients in which they concluded that the 

use of NMES in dysphagia treatment did not lead to significant differences in treatment 

outcome.  

In a recent study, we evaluated the efficacy of NMES in patients with severe multiple 

sclerosis and dysphagia. Twenty-five patients with multiple sclerosis and swallowing 

problems were treated for three weeks with two sessions of neuromuscular 

electrostimulation (NMES) per week. For the electrical stimulation we used the Myomed-

134 (ENRAF-NONIUS, Rotterdam, Netherlands). A 30 Hz, 200 μs current with a surge 

pattern was used. Patients were stimulated for 10 seconds and were then given a break of 20 

seconds. During the 10-second stimulation period, the patients were asked to swallow. 

After treatment, a significant decrease in the pooling of saliva in the piriform sinuses was 

seen in six patients (p = 0.03) and significantly less aspiration during the swallowing of thin 
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liquids (p <0.01) was seen in nine patients. Overall, patients reported that their swallowing 

had improved (p <0.01) and 20% of all patients found it had become less strenuous. No 

adverse effects of the treatment were reported. 

 

Research has suggested that, in addition to effects on motor function, some types of 

electrical stimulation might have a sensory (corticobulbar) effect. In 1998, Hamdy et al.14 

showed that 30 minutes of pharyngeal stimulation in humans would lead to increased 

motor cortex excitability. Following this study, Fraser et al.15 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.16 in eight dysphagic patients.  

Despite all the publications referred to here, the use of NMES as an adjunct to standard 

treatment in dysphagic patients is still quite controversial. Although there is still an 

academic debate about the efficacy of NMES in the treatment of dysphagia, the number of 

speech pathologists using this adjunct to swallowing rehabilitation seems to be growing8. 

 

Issues to be addressed in NMES in dysphagia treatment 

NMES is used with a variety of different parameters for different types of treatment since 

muscle contraction depends on different electrical parameters. An increase in frequency 

(Hz) will result in an increased tension of the stimulated muscle, whereas increased 

intensity spreads current over a larger area, stimulating more motor units. Lastly, 

increasing the current duration causes more motor unit activation. NMES can be used for 

either muscle strengthening, retardation of atrophy or muscle re-education, and different 

stimulation parameters have to be chosen for each of these three applications of NMES. 

 

The most effective parameter for enhancing muscle strength, in terms of the control of the 

parameters within the clinical therapeutic range, might be the stimulus intensity. However, 

when sufficient intensity is already being applied in NMES, and when it is necessary to 

modulate an additional parameter, increasing the frequency might be the best option if the 

takes the issue of muscle fatigue into consideration17. 

An optimal NMES system for muscle re-education (which is normally used in the 

treatment of dysphagia) utilises the minimal stimulus frequency that produces a fused 
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response. Ideal stimulation frequencies range from 12 to 25 Hz. Greater muscle force 

generation is accomplished by either increasing the pulse duration (typically 200μs) or 

stimulus amplitude to activate neurons at a greater distance from the activating electrode18. 

These parameters have been established for limb muscles which are histological different 

from the head and neck muscles. So far, no attempts have been made to define the optimal 

stimulation parameters for the use of NMES in dysphagia. In 1956 Doty & Bosma19 

published a rare study in which they found that the fire frequency of the laryngeal muscles 

is around 30 Hz. This publication suggests that a low-frequency stimulation is appropriate 

for NMES in dysphagia treatment. 

Unfortunately, in studies published recently on the effects of NMES on dysphagia and 

swallowing physiology, no standard stimulation parameters are used by the different 

researchers. Table 1 shows a short overview of different stimulation parameters used by 

various researchers in recent history. As different outcomes can be expected with different 

stimulation parameters, these studies report different findings for NMES in dysphagia 

treatment.  

 

Table 1. Overview of treatment parameters 

Study Frequency Pulse duration Treatment intensity 

Freed et al.6 (2001) 80 Hz 300 μs 1 hr daily 

Leelamanit et al.10 

(2002) 

60 Hz not described 4 hrs daily 

Burnett et al.11 

(2003) 

30 Hz 200 μs n/a1 

Langmore et al.20 

(2006) 

50 Hz 200 μs Not described 

Ludlow et al.21 

(2007) 

80 Hz 300 μs n/a1 

Bogaardt et al. 

Personal 

communication 

30 Hz 200 μs 20 min / twice weekly 

1 =  not applicable  
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Interestingly, Table 1 also addresses the subject of treatment intensity. The literature 

contains several studies conducted to establish the optimal treatment intensity for NMES: 

the number of treatment sessions and the length of the sessions required for optimal 

outcome with this treatment. Findings by McCarthy et al.22 in 2002 provide a physiological 

basis as support for several performance studies that consistently indicate that concurrent 

training of three times weekly is optimal. For muscle re-education, stimulation at a level of 

comfortable contraction with surge current and patients attempting to contract muscles 

along with the stimulation for 15-20 minutes each treatment session is also advised. 

Nevertheless, a recent published meta-analysis of existing literature revealed a small but 

significant summary effect size for transcutaneous NMES for swallowing. The small 

number of studies and low methodological grading for these studies mean that caution is 

advisable when interpreting this finding. The authors believe that these results support the 

need for more rigorous research in this area23. 

 

Conclusion 

NMES is frequently used in physiotherapy and has been well described for several decades. 

The use of NMES in dysphagia treatment is relatively new; the first study of the use of this 

modality was published in 2001. Since then NMES has been marketed intensively, 

although questions persist about the physiological rationale underlying this treatment 

modality. This has made the use of NMES in the treatment of dysphagia rather 

controversial. Recent literature reports about the effects of NMES on swallowing 

physiology and possible treatment outcomes are quite mixed. These findings have fuelled 

the controversy still further. 

Meta-analysis, however, showed a small but significant summary effect size for 

transcutaneous NMES for swallowing.  

A critical appraisal of the literature on NMES in dysphagia treatment shows a range of 

treatment parameters, which is a possible confounder for the different outcomes in these 

studies. Establishing a standard operation protocol for the use of NMES in the treatment of 

dysphagia would seem to be required to research the outcomes of this treatment modality 

in different populations. Alon24 stated as early as 1991, when discussing neuromuscular 

electrical stimulation, that the disarray and the natural tendency to accept non-scientific, 

subjective and commercially motivated claims may threaten the substantive potential of 
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electrical stimulation as an objective clinical modality. Unfortunately this would also seem 

to be the case for the use of NMES in the treatment of dysphagia. 
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Introduction 

Swallowing would appear to be the most normal thing in the world. A healthy person 

swallows almost automatically. However, normal swallowing is an extremely complicated 

interplay between various muscles. Timing, coordination, feeling and muscular strength all 

play a significant role. When this process is disturbed, this can result in swallowing 

problems (or: dysphagia). Dysphagia is a symptom of many different diseases. In each 

patient the severity of swallowing problems will be different. Although dysphagia has 

more than one meaning in medical literature, in this thesis it will be used to describe a 

specific form: oropharyngeal dysphagia. 

Oropharyngeal dysphagia is associated with difficulty in swallowing food and saliva. 

Frequent problems are coughing while eating and drinking, food getting stuck in the back 

of the mouth or in some cases, a total inability to eat or drink1. This type of dysphagia is 

commonly associated with a neuropraxia of the muscles involved in swallowing. This 

neuropraxia can either be the result of a neurogenic disease or the result of surgical 

procedures (like head-and-neck cancer surgery)2. 

 

In general, patients with dysphagia can be divided into three groups: patients with 

neurogenic dysphagia, patients with dysphagia due to head-and-neck cancer and patients 

with dysphagia due to aging.  

After assessment, patients with swallowing problems as described above will in general 

receive treatment by a speech pathologist, when a medical treatment (such as surgery) is 

not indicated1. This thesis focuses on three aspects of the diagnosis and treatment of 

dysphagia. This divides this thesis in three sections: 

 

1. The influence of viscosity on the swallowing mechanism in adults; 

2. Assessment of the severity of swallowing disorders both from patients’ perspective 

as from clinicians’ perspective; 

3. The effects of treatment of swallowing disorder either with surface EMG 

biofeedback or with neuromuscular electrostimulation. 

 

In each section of this thesis one or more published scientific articles are presented as an 

individual chapter. Each chapter ends with a specific and detailed discussion on the specific 
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research subject. In this final chapter questions about the implications of this thesis on a 

more general level are discussed. Based on our work, not only recommendations for 

further research are made, but also for a more effective diagnosis and treatment of 

dysphagia. 

 

The influence of viscosity on the swallowing mechanism in healthy adults. 

Does thickening of fluids lead to an increase of pharyngeal residue and subsequent to a higher 

risk for aspiration? 

Aspiration (i.e. food getting into the airway and lungs) might occur in some patients 

because laryngeal closure has not yet been established when the bolus passes through the 

pharynx. This allows food or fluids to enter the larynx before it is sufficiently closed. This 

type of aspiration (known as ‘pre-deglutitive aspiration’) often occurs in patients with 

dysphagia after stroke as well as in patients with other pathologies3. When pre-deglutitive 

aspiration occurs, the thickening of fluids (with a thickening agent) might be an option to 

prevent aspiration. As the speed of the bolus is decreased, more time is allowed to establish 

complete laryngeal closure. Recently, a large trial by Logemann et al. showed that in 

patients with dementia and Parkinson’s disease (in which pre-deglutitive aspiration is a 

frequent finding) the thickening of fluids (in combination with changes in body posture) 

will lead to less direct aspiration. The investigators conclude that in these patient groups 

the thickening of fluids is a recommended option4. 

However, one could hypothesise that the increase in viscosity will lead to more pharyngeal 

residue. This would suggest that the thickening of fluids could result in more pharyngeal 

residue and thus in a higher risk of aspiration. A study by Perlman et al.2 showed that 

patients with severe pharyngeal residue have an increased risk of aspiration. Therefore 

these patients might acquire an aspiration pneumonia because of aspiration of pharyngeal 

residue left after the bolus is swallowed. This is called ‘post-deglutitive aspiration’. This 

type of aspiration is frequently seen in patients with reduced pharyngeal contraction or 

reduced opening of the upper oesophageal sphincter3. For these patients thickened fluids 

might aggravate their swallowing problems. Normally these patients would get the 

recommendation to drink thin liquids only. The thickening of fluids as a sole solution for 

all dysphagic patients seems to be oversimplifying the complexity of swallowing problems.  
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In our study we investigated the role of viscosity in the build-up of pharyngeal residue. No 

correlation was found between an increase in viscosity and an expected increase in 

pharyngeal residue. These findings strengthen the advice to increase viscosity in patients 

with dysphagia when coughing on thin liquids. 

 

Are there limitations to the methods used in our study to evaluate the influence of viscosity? 

Viscosity has been described as the measure of the internal friction of a fluid5. This friction 

becomes apparent when a layer of fluid is made to move in relation to another layer. The 

greater the friction, the greater the amount of force required to cause this movement, 

which is called shear. Shearing occurs whenever the fluid is physically moved or 

distributed, as in pouring, spreading, spraying, mixing etcetera. The force applied to induce 

shearing is called shear stress. The shearing a liquid experiences is called shear rate.  

Viscosity can therefore be defined mathematically in the following formula:  viscosity (η) = 

(shear stress) / (shear rate)5. 

In our study we used xanthan which is a polysaccharide commonly used in the food 

industry. Another frequently used commercial thickener is starch, a polysaccharide 

carbohydrate consisting of a large number of glucose monosaccharide units. Both 

thickeners have different shear rates, leading to different results in fluids with similar 

viscosity. Therefore they might behave differently when exposed to the same stress. 

Further research should be conducted to explore whether products with the same viscosity 

but a different shear rate induce the same percentage of pharyngeal residue.  

 

 

Assessment of the severity of swallowing disorders both from a patients’ perspective as 

from a clinicians’ perspective. 

How can we measure the impact of dysphagia on the Quality of Life in patients? 

The SWAL-QoL was developed by McHorney et al. 6, 7 in 2002 as an instrument to evaluate 

the burden of dysphagia from the patient’s perspective and has been used in many studies 

since. The Dutch version of SWAL-QoL allows a clinimetrical valid evaluation of the 

impact of dysphagia on the Quality of Life in Dutch-speaking patients. In the Dutch 

version of SWAL-QoL none of the subscales reached an internal consistency of 0.95, as is 

also the fact in the original SWAL-QOL. This allows the questionnaire only to be used on 
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a group level. Unfortunately this questionnaire cannot be used to evaluate the impact of 

dysphagia on the Quality of Life in an individual patient.  

The SWAL-QoL and its Dutch version (SWAL-QoL-NL) are found to be a reliable tool to 

evaluate the patients’ perspective in clinical research. Further research however, should be 

aimed at the development of a Quality of Life-questionnaire for dysphagic patients which 

can be used on a patient level. This would provide more information to a clinician for 

therapeutical purposes and will help the clinician to plan tailor-made dysphagia therapy. 

 

Is the clinical evaluation of dysphagia as performed by speech pathologists a reliable tool for 

detecting aspiration or should a speech pathologist perform a flexible endoscopic evaluation of 

swallowing (FEES) on each patient with dysphagia? 

The evaluation of dysphagia by a speech pathologist normally consists of clinical 

observations of swallowing, assessment of intra-oral sensibility and a functional 

examination of musculature involved in swallowing. When a patient is suspected to 

aspirate, the evaluation by the speech pathologist is normally followed by an instrumental 

examination like videofluoroscopy of videoendoscopy1,3. 

Aspiration can be a life threatening condition as an aspirating patient might develop a 

pneumonia and suffer severe health consequences8. A flexible endoscopy or 

videofluoroscopy is considered to be the gold standard for validation studies of aspiration 

in dysphagic patients9. In 1999 the Agency for Health Care Policy and Research (AHCPR) 

presented their Evidence Report on the diagnosis and treatment of dysphagia in stroke 

patients. This report stated that full bedside examinations by a speech pathologist can reach 

a sensitivity for aspiration near 80% (with a specificity near 70%)9.  

In our study presented in Chapter 5, we showed that in patients with multiple sclerosis the 

validity of detecting aspiration with help of the routine speech pathology assessment is 

lower than the sensitivities as stated in the AHCPR-report. With a maximum sensitivity of 

53% (with a 95%-confidence interval of 0.40-0.58), the validity of the clinical examination 

by a speech pathologist in this specific patient group is lower than the 80% sensitivity in 

the assessment of stroke patients. Our findings show that a reliable assessment tool for 

stroke patients does not automatically have the same validity in a specific population of 

patients with multiple sclerosis. This underlines that a thorough validation study is needed 
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before any validated assessment tool can be used in another population as which the 

assessment tool was validated for.  

As a result of our validation study, we found no correlation between one or more of the 

outcomes of the different elements of the speech pathology assessment and the risk for 

aspiration. As aspiration is a rather frequent finding in this patient group, it is therefore 

recommended that a flexible endoscopic evaluation of swallowing (as a gold standard for 

detecting aspiration) should be performed routinely in this patient group to evaluate the 

risk for aspiration. Further research is needed to evaluate whether these findings can be 

extrapolated to the whole population of patients with multiple sclerosis or that our 

findings are valid only for this specific subgroup. 

 

 

The effects of treatment of swallowing disorder either with surface EMG biofeedback 

or with neuromuscular electrostimulation. 

Are sEMG biofeedback and NMES suitable therapies for all dysphagic patients? 

Both modalities (sEMG and NMES) aim at a more intensive training of muscles. Therefore 

these modalities are only indicated for patients with dysphagia based on weaknesses in 

muscles involved in swallowing, and in muscles in which (some) recovery of swallowing 

function can be expected based on the medical diagnosis and the evaluation by the speech 

pathologist. In patients with degenerative diseases interventions by the speech pathologist 

will usually be focussed on compensation and not on rehabilitative exercises3. 

Since the treatment protocols described in this thesis have a higher treatment frequency 

compared to standard treatment, patients should be in such a physical condition that they 

can tolerate this frequent and intensive training. Furthermore, both the use of sEMG and 

NMES require patient’s cooperation and not too much cognitive impairment. 

The use of sEMG and NMES as a treatment modality is contra-indicated in patients with 

progressive neuromuscular disorders including peripheral motor neuron diseases, in 

patients with a poor physical condition or in patients with impaired cognitive function, as 

these patients are not able to fulfil the training. Intensive therapy mainly fatigues muscles 

in these patients and would presumably aggravate their swallowing problems.  
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Is neuromuscular electrostimulation a motor treatment aimed at strengthening of muscles or is 

neuromuscular electrostimulation a sensory treatment aimed at cortical reorganisation? 

Neuromuscular electrostimulation is historically seen as a treatment modality aiming at the 

strengthening of muscles. Therefore, NMES can be considered to be a motor treatment, 

solely directed at the strengthening of muscle fibers.  

However, in more recent publications, researchers are exploring the possible effects of 

NMES on the cortical organisation of swallowing and the ways NMES affects the cortical 

planning of swallowing. In 1998, Hamdy et al.10 showed that 30 minutes of electrical 

stimulation of the posterior pharyngeal wall in humans leads to increased motor cortex 

excitability. This stimulation was performed with electrodes placed directly onto the 

pharyngeal wall with help of a special transnasal catheter and not with skin electrodes 

which are normally used in NMES. Although this study did not use NMES as a standard 

method, it started off a scientific discussion on the possible sensory effects of NMES. 

Following this study, Fraser et al.11 and Oh et al.12 published studies in which they 

demonstrated an increase in corticobulbar excitability with a concomitant improvement of 

swallowing function in small group of dysphagic patients when using electrodes attached to 

the neck and chin.  

This research into the possible sensory role of NMES in the rehabilitation of swallowing is 

relatively new, but shows data suggesting that next to the motor component of NMES 

(aimed at strengthening muscle fibers), a possible sensory stimulation component of NMES 

might contribute to restoring swallowing function in patients13. The exact role of the 

possible sensory effects of NMES  is still under investigation. Based on the current 

literature it is advised to consider NMES as primarily a  motor treatment with  possibly 

sensory effects. 

 

What would be the most optimal stimulation parameters when using neuromuscular 

electrostimulation in the treatment of dysphagic patients? 

Sheffler & Chae14 suggest that ideal stimulation frequencies for NMES range from 12 to 25 

Hz. They also conclude that an increased muscle force generation can be accomplished by a 

pulse duration of 200μs. However, these optimal parameters have been established for limb 

muscles, which are histologically different from the head and neck muscles. The question 

arises whether these parameters would provide the optimal setting for dysphagia therapy.  
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In 1956, Doty & Bosma15 published a study in which they found that the firing frequency 

of the laryngeal nerves is approximately 30 Hz. This publication supports the use of a low-

frequent stimulation when applying NMES in dysphagia treatment. These parameters were 

also used in more recent studies on the effects of NMES in patients with dysphagia, in 

which a clear motor response of the neck and submental muscles was found at this 

frequency in combination with a 200μs phase duration16. Unfortunately no attempts have 

been published yet to define the optimal stimulation parameters for the use of NMES in 

dysphagia. Based on the current literature no conclusive statement can be made on the 

most optimal stimulation parameters when using NMES in dysphagia therapy. However, 

our findings suggest that a stimulation frequency at 30 Hz with a phase duration of 200 

µsec is effective in our study population.  

 

Should speech pathologists be more aware of the influence of treatment intensity on therapy 

outcome? 

In our studies, we used both sEMG and NMES as an adjunct to standard therapy in 

patients with dysphagia to strengthen specific muscles groups that are involved in 

swallowing. In our study with chronic stroke patients who were treated with sEMG-

biofeedback, treatment intensity can be seen as a confounding factor.  

All included patients had received dysphagia therapy at an earlier stage. Some included 

patients had even performed the same exercises as in our study, but had made no progress 

in swallowing function. The introduction of sEMG biofeedback in our study not only 

might have given the patient more muscle control, but also allowed the patient to train his 

muscles at a more intensive level. Therefore, based on this information, one might 

conclude that in previous therapy the patient had not been exercising intensively enough to 

establish any significant changes in swallowing function. 

The issue of treatment intensity also immediately arises in any discussion on the role of 

NMES in swallowing rehabilitation. Chapter 9 of this thesis clearly shows that treatment 

intensity is a confounding factor in all published articles on the possible effects of NMES in 

dysphagic patients. Therapists should be aware of the findings by McCarthy et al. that 

consistently indicate that concurrent training of three times a week is optimal for NMES17. 

The questions on treatment intensity raised in this thesis clearly indicate that more 
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research should be done on the influence of treatment intensity on the outcomes in 

dysphagia therapy.  

Nevertheless the conclusions in our studies might also indicate that some patients are being 

undertreated at the moment. In speech therapy many exercises are aimed at muscles 

strengthening. In the training of speech pathologists sufficient time should be spent on 

teaching students the basic characteristics of muscle tissue and how muscles can be trained 

effectively. 

 

What could be the long term (financial) outcome when sEMG biofeedback and NMES are 

introduced on a large scale in our health care system? 

The inability to swallow, and thus the need for tube feeding, has severe consequences for 

the Quality of Life in patients. In addition, the direct costs annually for a patient to be tube 

fed in the Netherlands is estimated on around €10.000,- (or €27 daily). This total includes 

special nutritional fluids, feeding pumps and costs to replace feeding tubes. In the 

Netherlands in 2007 over 950.000 prescriptions for special feeding and tube feeding were 

written out according to the Dutch Health Care Insurance Board (CVZ). The total costs in 

2007 for tube feeding was estimated to be 31.6 million euros in the Netherlands18. 

Not all 950.000 patients will be eligible for swallowing rehabilitation as described in this 

thesis, but this number marks the upper boundary of the number of patients which are 

possible eligible for treatment. Our own conservative estimation based on the assumption 

will be that 50% of all these patients will possibly be diagnosed with oropharyngeal 

dysphagia, with concomitant costs of around 16 million euro. 

It is difficult to predict the long term outcomes of a more efficient swallowing therapy, as 

incidence and prevalence rates of dysphagia are not precisely known. The largest patient 

group with swallowing disorders in the Netherlands is the group of stroke patients. Based 

on incidence rates from other studies, some predictions can be made into the possible long 

terms financial effects of swallowing therapy.  

Over 30.000 people in the Netherlands suffer from a stroke yearly. More than 50% of 

stroke patients will have swallowing problems in the acute phase following stroke. 

Swallowing function will recover in the majority of patients after a period of several 

months due to spontaneous recovery and swallowing therapy. A large group will not 

recover from these problems within this period. It is estimated that only 55% of all stroke 
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patients with dysphagia will return to normal oral feeding within three months18. If 

swallowing does not recover, the patient will have to be fed through a feeding tube. In 

most cases a percutaneous gastro(jejuno)stomy will be placed by a surgeon. Based on these 

figures, in the Netherlands yearly around 15.000 stroke patients will receive tube feeding in 

the acute phase after stroke of which around 7.000 patients (45%) will be tube fed for more 

than three months. This number will decrease in the months post-onset due to late on-set 

of spontaneous (and often partial) recovery and as a result of dysphagia therapy19. Two 

studies suggest that 1.5% of all new stroke patients will have to be tube fed for one year and 

longer20,21. 

Unfortunately, it is unknown how much reduction in feeding costs is to be gained in 

stroke patients who recover from dysphagia within one year. Based on the incidence 

described above, about 15.000 new patients would be dysphagic for a period up to one year 

post stroke yearly. The consequent use of NMES or sEMG in this population would most 

likely lead to a reduction in the total number of days of tube feeding required by these 

patients. Considering the fact that one day less tube feeding saves €27 per patient per day, 

the possible savings on feeding costs in dysphagic patients are enormous when the 

treatment is more effective.  

Although tube feeding is necessary to maintain nutritional status, several studies suggest 

that tube fed stroke patients have a higher mortality than stroke patients who eat and 

drink. This higher mortality rate is ascribed to a higher incidence of aspiration pneumonia, 

higher incidence of gastro-esophageal reflux and a higher rate of infections. A decrease in 

the number of patients being tube fed would therefore possibly lead to a decrease in 

mortality and an increase in Quality of Life. 

Considering the fact that the total number of patients with dysphagia as a result of other 

neurological disorders, head-and-neck cancer or sarcopenia (i.e. presbyphagia) is most likely 

to exceed the number of patients with dysphagia after stroke, the costs and cost savings 

described above therefore should be interpreted as the ‘tip of the iceberg’ of total costs 

involved in management of dysphagia. Looking at the general trends in health care, it can 

be expected that in the years to come, the number of patients with dysphagia will rise. 

With an increase in the incidence and prevalence of dysphagia, the costs involved in the 

diagnosis and treatment will also rise in the near future. 
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Our findings suggest that the introduction on a large scale of sEMG biofeedback and 

NMES in the treatment of dysphagia will lead to a decrease in direct hospital costs, an 

increase of Quality of Life in patients with dysphagia and a possible decrease of dysphagia 

related death. However, to estimate the full impact of the introduction of sEMG 

biofeedback and NMES on a large scale in our health care system, a Medical Technology 

Assessment with a full cost-effectiveness evaluation based on all relevant utilities would be 

necessary. 

 

Conclusions and suggestions for further research 

This thesis’ aim was to explore current trends in the diagnosis and treatment of dysphagia. 

Based on our findings four prominent conclusions can be drawn. 

Firstly, an increase in viscosity will not lead to more residues in the pharynx, but the 

precise role of viscosity on the physiology of swallowing remains still unanswered. Further 

detailed research is needed to explore whether the shear rate is a factor in the build up of 

pharyngeal residue, not only in healthy volunteers but also in patients.   

Our findings support that thickening of liquids should be recommended for patients that 

aspirate when drinking thin liquids. 

Secondly, although a valid tool to evaluate the impact of dysphagia on the Quality of Life 

in different patient groups is now available for the Netherlands, there is still a need for the 

development of questionnaires for an individual use. 

Thirdly, we did not find any correlation between standard speech pathology assessment in 

patients with multiple sclerosis and the risk for aspiration. Therefore it is recommended 

that a flexible endoscopic evaluation of swallowing is performed routinely in this patient 

group to evaluate the risk for aspiration. 

And finally, the use of both sEMG and NMES in the treatment of patients with dysphagia 

can contribute to less mortality, an increase of Quality of Life for these patients and will 

result in a reduction in direct health care costs. 
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This thesis explores several different aspects of swallowing problems and the subsequent 

assessment and treatment of swallowing problems.  

 

In the first part of this thesis, the focus of research was directed towards normal physiology 

of swallowing and assessment of swallowing disorders. 

In Chapter 3 we attempted to investigate the correlations between viscosity and 

pharyngeal residue in healthy volunteers. We did not find evidence for a positive 

correlation between an increase of viscosity and an increase in pharyngeal residue. One 

should consider the fact that viscosity is described as the measure of the internal friction of 

a fluid1. This friction becomes apparent when a layer of fluid is made to move in relation to 

another layer. The greater the friction, the greater the amount of force required to cause 

this movement, which is called shear. Shearing occurs whenever the fluid is physically 

moved or distributed, as in pouring, spreading, spraying, mixing etcetera. The force applied 

to induce shearing is called shear stress and the shearing a liquid experiences is called shear 

rate.  Viscosity can therefore be defined mathematically in the following formula:  viscosity 

(η) = (shear stress) / (shear rate). 

In our study we used xanthan as thickener to thicken water into different consistencies. 

Xanthan is a polysaccharide commonly used in the food industry to thicken fluids.  

Another commercially frequently used thickener is starch, a polysaccharide carbohydrate 

consisting of a large number of glucose monosaccharide units. Both thickeners have 

different shear rates as they have a chemically different composition. This might suggest 

that products with the same viscosity, but with different shear rates might behave different 

under the same stress to which they are exposed. 

Commercial thickeners are frequently used in the treatment of dysphagia; mostly to 

thicken thin liquids into ‘honey thick’ or ‘pudding thick’ to prevent the patient from 

aspirating. So far no research has been done whether these commercially available 

thickeners have influence on pharyngeal residue. Further research should be conducted to 

explore whether products with the same viscosity but a different shear rate induce the same 

percentage of pharyngeal residue.  As the residual amount of food or beverages in the 

pharynx after swallowing (pharyngeal residue) is an important parameter in diagnostic 

procedures in the treatment of swallowing disorders (see Chapter 3 of this thesis), research 
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is needed whether the use of commercially available thickeners will lead to the same 

amount of residue. 

 

In Chapter 4 the SWAL-QoL, an American Quality-of-Life questionnaire for patients with 

dysphagia, was validated for Dutch patients. Not all items on the original questionnaire can 

be used in the Netherlands to study the Quality-of-Life in patients with dysphagia: our 

study highlights that some differences in cultural differences seem to exist between 

dysphagia patients in the US and the Netherlands. In literature was already described that 

there are differences in health-related quality of life measures between different cultures. 

Flaherty et al. already described in 1988 that researchers should give particular attention to 

cross-cultural validity when using an instrument designed in one culture in a second 

culture2. Our study supports the findings of Guillemin et al.3 that one should investigate 

translated questionnaires clinimetrically thorough, before one uses the questionnaire in 

another language. Nevertheless, the SWAL-QoL has been used in other languages, but to 

date no clinimetrical evaluations have been made of these translations. This raises serious 

issues in interpreting data from different countries on Quality of Life in dysphagic patients 

when the SWAL-QoL was used. The international research community should strive to 

provide clinimetrically valid translations of SWAL-QoL in order to make valid 

comparisons between international studies. 

Chapter 5 focussed on the validity of clinical dysphagia assessment in patients with severe 

multiple sclerosis. Our data suggests that swallowing problems in patients with multiple 

sclerosis can occur in any stage of the disease. We did not find a clear correlation between 

factors of a clinical speech-pathology assessment and the risk of aspiration in our 

population, which suggest that a sole clinical assessment of swallowing in patients with 

multiple sclerosis is not sufficient. One should bear in mind that a speech-pathology 

examination is primarily aimed to gather relevant neurological data on oral function of a 

patient for treatment purposes. As aspiration is a rather frequent finding in these patients, 

this would suggest that a thorough examination of swallowing function on a regular base is 

appropriate. Based on our data it would be recommended to perform an instrumental 

examination (FEES or videofluoroscopy) to determine swallowing safety.  

As we examined a very specific patient group, which has severe disabilities it might be 

difficult to refer these patients regularly to a facility where either FEES of 
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videofluoroscopy are performed. This calls on the need for the introduction of these 

instruments in the settings where these patients live and the need for training their 

physicians and speech pathologists in performing instrumental examinations. 

 

The second part of this thesis focuses on the instrumental treatment of dysphagia with 

either surface electromyography (sEMG) as biofeedback or with neuromuscular 

electrostimulation (NMES). 

Chapters 6 and 7 showed that surface-EMG biofeedback as an adjunct to swallowing 

therapy is a powerful method to treat chronic dysphagic stroke patients. In the 

Netherlands 30.000 people suffer from a stroke yearly and this number is increasing. A 

Canadian study4 suggests that the incidence of stroke patients that are tube fed over more 

than one year (thus no recovery is to be expected) is 1,25%. Similar, an English study5 

found that 1,7% of stroke patients are tube fed in the home care setting. Exact numbers are 

not known for the Netherlands, but when percentages above are extrapolated to the Dutch 

healthcare system it leads to the estimation that yearly over 550 stroke patients will have 

tube feeding for more than one year.  The inability to swallow, and thus the need for tube 

feeding, has not only severe consequences for the patients’ Quality of Life, but also leads to 

greater healthcare costs. The direct costs for a patient to be tube fed in the Netherlands is 

estimated to be around €10.000,- per year. This total includes special nutritional fluids, 

feeding pumps and costs to replace feeding tubes. In Chapters 6 and 7 we showed that the 

use of sEMG biofeedback can be successful in restoring oral feeding in two-third of these 

patients. The benefits of this treatment outweigh the costs to treat a chronic dysphagic 

stroke patient, as a session of speech therapy costs only around €28,- per session and the 

investment costs for equipment are relatively low (around €2500,-). Apart from the impact 

on the Quality of Life, these findings suggest that speech therapy in patients with 

dysphagia can be highly cost-effective. 

 

In Chapters 8 and 9 we studied the effect of neuromuscular electrostimulation (NMES) on 

patients with dysphagia. In our study presented in Chapter 8, we treated multiple sclerosis 

patients with dysphagia and found significant changes in swallowing function, like 

reduction of aspiration. Critical appraisal of current literature on NMES and dysphagia 

shows that this treatment is controversial, but does seem to have potential. As both sEMG 
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biofeedback and NMES use electronic equipment and electrodes, the question arises which 

of these two relatively new treatment procedures is best for patients with oropharyngeal 

dysphagia. And as both treatments use electronic equipment and electrodes, which will lead 

to investments and possible higher treatment costs, the issue of cost-effectiveness arises.  

A future study should be directed to evaluate the efficiency of both treatments in patients. 

This study should be an open label randomized controlled trial to evaluate which 

treatment is most efficient in patients with chronic dysphagia after stroke. For the 

economic analysis from a societal perspective all direct and indirect health-care costs will be 

included. Direct costs within the healthcare system are considered medical costs for 

swallowing assessment, treatment costs for speech therapy, costs for enteral feeding 

(including placement of feeding tubes) and costs for obtaining sEMG-equipment, NMES 

equipment, electrodes and rental costs for treatment in home setting. Other direct costs are 

travel expenses for patients and time-reimbursement costs. Indirect costs are considered to 

be costs of production losses, based on friction cost method. As the studied population is 

relatively homogeneous, the indirect costs and costs outside the health care system are 

expected to have a relative small confidence interval. A wider confidence interval is 

expected for direct costs. A Monte-Carlo simulation will have to be performed to assess the 

cost-acceptability of one treatment over the other. 

Finally the question arises, whether such a large randomized controlled trial is ever going 

to be realised, as new ideas on NMES and on sEMG arise in literature. Based on the first 

publication of Leelamanit et al.6 in 2002 a combination of both instrumental treatment 

procedures (e.g. sEMG triggered electrostimulation) seems to have also great beneficial 

effects on pharyngeal swallowing problems. Future research should address the question 

which type of treatment is most suitable for the specific needs of certain patients, rather 

than pursuing the invention of a “magic bullet”: a treatment that supposedly cures all 

patients. 
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In dit proefschrift worden verschillende aspecten van slikstoornissen (dysfagie) belicht. In 

het bijzonder wordt stilgestaan bij onderzoek en behandeling van slikproblemen.  

 

In het eerste gedeelte van dit proefschrift ligt de nadruk op de normale fysiologie van het 

slikken en onderzoek naar slikproblemen.  

In Hoofdstuk 3 werd de invloed van viscositeit op het ontstaan van faryngeaal residu 

onderzocht. Scintigrafie werd gebruikt om de hoeveelheden residu te meten in de farynx 

van elf gezonde vrijwilligers, die elk drie verschillende substanties moesten doorslikken. De 

eerste substantie had een viscositeit vergelijkbaar met een yoghurtdrank, de tweede 

substantie was vergelijkbaar met magere yoghurt en de derde met volle yoghurt. Er werd 

geen relatie gevonden tussen de toename in viscositeit en de hoeveelheid residu in de keel.  

 

Hoofdstuk 4 beschrijft het vertalen en valideren van een 44 vragen tellende vragenlijst over 

de kwaliteit van het leven van patiënten met slikproblemen. De lijst werd uit het 

Amerikaans naar het Nederlands vertaald en werd ingevuld door 152 patiënten uit 7 

verschillende diagnosegroepen. Negen subschalen van de oorspronkelijke lijst bleken 

bruikbaar voor de Nederlandse omgeving. Twee van de oorspronkelijke subschalen werden 

uit de lijst verwijderd omdat zij niet voldeden aan klinimetrische eisen. 

In het laatste hoofdstuk van dit gedeelte (Hoofdstuk 5) werden 25 patiënten met ernstige 

multiple sclerosis onderzocht op mogelijke slikproblemen. Elke patiënt kreeg eerst een 

slikonderzoek, uitgevoerd door een logopedist, gevolgd door een transnasale endoscopie. In 

deze studie bleken 9 van de 25 patiënten te aspireren. Er werden geen significante 

correlaties gevonden tussen het logopedisch onderzoek en de flexibele endoscopie. Ook 

werd geen correlatie vastgesteld tussen de tijd sinds het ontstaan van de ziekte, ernst van de 

ziekte en de scores op twee verschillende neurologische beoordelingsschalen. 

Slikproblemen en aspiratie zijn een frequent voorkomend probleem in deze patiënten en 

klinisch slikonderzoek is niet sensitief genoeg om slikproblemen duidelijk te detecteren. 

Gebaseerd op onze bevindingen wordt geadviseerd om patiënten met ernstige multiple 

sclerose regelmatig te onderzoek op slikproblemen. 
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In het volgende gedeelte van dit proefschrift staat de instrumentele behandeling van 

slikstoornissen met oppervlakte EMG als biofeedback (sEMG) of met neuromusculaire 

electrostimulatie centraal.  

In Hoofdstuk 6 worden de gegevens van elf CVA-patiënten met chronische slikproblemen, 

die met sEMG werden behandeld, gepresenteerd. Alle patiënten werden daarvoor 

behandeld door andere logopedisten, zonder dat dit succes had. Bij zes van de initiële acht 

patiënten met een PEG-sonde kon deze na de behandeling worden verwijderd. Onze data 

suggereert dat het gebruik van sEMG als biofeedback een mogelijk een effectieve aanvulling 

is op de standaard behandeling van slikstoornissen.  

Aanvullend wordt in Hoofdstuk 7 een systematisch literatuuronderzoek naar de 

uitkomsten van sEMG als biofeedback gepresenteerd. De vraagstelling is hierbij of sEMG 

biofeedback effectief is bij CVA-patiënten met chronische slikproblemen. Een 

zoekstrategie werd opgezet voor verschillende biomedische databases. Eenenveertig 

artikelen werden gevonden over dit onderwerp, waarvan er slechts 6 voldeden aan onze 

inclusiecriteria. Er werden geen gerandomiseerde studies gevonden: alle artikelen vergelijk 

slechts gegevens van een groep patiënten vóór en na behandeling. In totaal worden 55 

CVA-patiënten in deze 6 artikelen beschreven. Zevenenveertig patiënten mochten voor 

aanvang van de behandeling niets eten of drinken. Drieëndertig van deze patiënten konden 

na de behandeling weer eten en drinken. Deze systematische review laat zien dat de schaars 

aanwezige literatuur over de effectiviteit van sEMG biofeedback een potentieel gunstig 

effect laat zien van deze behandeling. 

 

Neuromusculaire electrostimulatie (NMES) is een methode om spieren te stimuleren met 

korte elektrische pulsen. NMES wordt frequent gebruikt binnen de fysiotherapie om 

spieren sterken te maken of om atrofie van spieren te voorkomen. In Hoofdstuk 8 worden 

25 patiënten met multiple sclerose en slikproblemen drie weken lang behandeld met 

NMES. Elke patiënt krijgt twee behandelsessies per week. Zeventien patiënten werden 

voor en na behandeling beoordeeld met flexibele endoscopie. Na de behandelingenserie 

werd een significante vermindering van speekselstase in de farynx gezien bij zes patiënten 

en een significante vermindering van aspiratie in negen patiënten. Patiënten gaven aan dat 

na de behandelingen het slikken makkelijker gaat. Deze studie laat zien dat de behandeling 
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van slikproblemen met NMES bij deze groep patiënten met multiple sclerose succesvol was 

in het reduceren van speekselstase in de farynx en in het reduceren van aspiratie. 

Aanvullend wordt in Hoofdstuk 9 de bestaande literatuur over NMES en slikproblemen 

besproken. Het eerste artikel dat over dit onderwerp verscheen, werd in 2001 gepubliceerd. 

Gebaseerd op dit artikel en aanvullend onderzoek van dezelfde onderzoeker werd een 

commercieel product op de markt gebracht. De manier waarop dit product werd 

ontworpen en de manier waarop in literatuur de mogelijke werking hiervan werd getracht 

te bewijzen, maakt dat de behandeling van slikstoornissen met NMES controversieel is 

geworden. Recente artikelen geven een wisselend beeld van de mogelijke effectiviteit van 

NMES bij slikproblemen. Een kritische analyse van deze artikelen laat zien dat de huidige 

onderzoeken naar effectiviteit een grote diversiteit laten zien in behandel parameters. Dit 

kan de grote verschillen in uitkomsten verklaren. Een gestandaardiseerde behandeling is 

nodig om de mogelijk uitkomsten in verschillende patiëntengroepen te onderzoeken. De 

huidige controverse over deze behandeling lijkt een bedreiging te zijn voor de mogelijke 

effectiviteit hiervan. 
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Een proefschrift komt nooit vanzelf tot stand: in de afgelopen jaren heb ik met veel 

mensen samengewerkt om tot dit resultaat te komen en heb ik veel van verschillende 

mensen mogen leren. Graag wil ik hieronder een groot aantal mensen bedanken, die direct 

en indirect hebben bijgedragen aan dit proefschrift. Misschien niet altijd in de juiste 

volgorde, waarvoor mijn excuses. 

 

Professor Fokkens, Beste Wytske, ik wil je bedanken voor het begeleiden van dit 

proefschrift. Ik ben enorm blij met de mogelijkheden die je mij hebt gegeven om mij 

verder-en-verder te specialiseren op het kleine vakgebiedje dat mij zo na aan het hart ligt. Ik 

heb in mijn tijd op het AMC veel van je mogen leren en ik wil je danken voor al je 

feedback, jouw wijze adviezen en de hele prettige samenwerking.  

 

Leden van de commissie. Mijn dank voor het lezen van het manuscript en voor de adviezen 

en goede feedback. Ik heb er weer van mogen leren en dat is mij veel waard. 

 

Mede-auteurs en mede-onderzoekers (in alfabetische volgorde): Laura Baijens, Roel Bennink, 

Caroline Bruggeman, Jack Burger, Wilko Grolman, Daniëlle van Dam, Johan Koops, Renée 

Speyer, Nienke Wever. Ik wil jullie allen bedanken voor de samenwerking bij alle artikelen. 

Dank voor het bijdragen aan het opstellen van protocollen, manuscripten. Zonder al jullie 

werk was dit boekje er nooit gekomen. 

 

Hanneke Kalf en Marieke Hakkesteegt. Beste Hannah en Marie, mijn paranimfen. Ooit 

begonnen wij de Dutch Dysphagia Association in een kroeg in Götenborg met verdikt 

bier. Wat als geintje begon, is uitgegroeid tot een regelmatig overleg in restaurants en 

kroegen èn al in twee proefschriften. Dat soort overleg inspireert enorm en die inspiratie 

heb ik erg nodig gehad om met mijn promotie door te blijven gaan. 

 

Renée Speyer. Beste Renée, dank je voor het op de juiste momenten mij een zetje te geven 

richting mijn promotie. 

 

Pieter Devriese. Beste Pieter, ik wil je bedanken voor de mogelijkheden die ik heb gekregen 

in de tijd dat jij nog mijn baas was. Jouw interesse en adviezen hebben niet alleen 



 

176 
 

bijgedragen aan dit proefschrift, maar ook aan mijn verdere wetenschappelijke 

ontwikkeling. 

 

Norbert Niers. Lieber Norbert, vielen Dank für die lange Zusammenarbeit. My ‘dysphagia 

carreer’ started with a course in Lingen. Now, look where it got me! 

 

Maggie Lee Huckabee and Catriona Steele. Dear Maggie en Catriona, looking back at things, 

all of this started with a joined research project after a DRS-meeting in Vermont. Thank 

you for introducing me into the world of sEMG and clinical dysphagia research. Without 

that project I probably would never have gotten into sEMG. 

 

Hans Sein en Wim Breedveld. Dank voor jullie ondersteuning bij verschillende onderzoeken 

en het mij bijbrengen van veel kennis op het gebied van electrostimulatie en biofeedback. 

 

Mijn (ex-) AMC-kamergenootjes. Caroline, Yvette en Gabriella: dank voor het delen van 

wat ooit ‘mijn’ kamer was. Het was leuk en gezellig om jullie als collega te hebben en het 

was goed om af en toe met jullie even stoom af te blazen en te kunnen lachen. Mijn respect 

voor het feit dat jullie het uithielden met mijn abberante muzieksmaak. 

 

Medewerkers van de polikliniek KNO. Jullie allemaal dank voor het zoeken naar statussen, 

kleine dingetjes regelen en alles wat nodig is om een afdeling verder draaiende te houden. 

Maar vooral dank voor alle gezelligheid: jullie zijn/waren namelijk echt leuke collega’s! 

 

Arts-assistenten van de afdeling KNO. Dank voor het zien van al mijn slikpatiënten op 

verschillende spreekuren op tijdstippen dat jullie er ècht niet op zaten te wachten. Respect. 

 

Collega’s van het IKW. Met jullie samenwerken en onderzoeken opzetten is leuk. Een 

prettige samenwerking in Leiden is een goede basis geweest om ’s avonds het boekje te 

kunnen afmaken. 

 

Eva Raat. Dank voor jouw kennis van de Engelse taal en de hulp bij het volbrengen van 

verschillende manuscripten. 
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Sjouke Boonstra. Dank voor je wijze woorden en steun op de poli KNO op momenten, dat 

het nodig was. Veel praten over voetbal helpt ècht tijdens het promoveren! 

 

Evelien en Koen. Lieve Evelien en Coen, zonder al jullie steun was dit proefschrift er echt 

nooit gekomen. Moeders, nu dit boekje af is, is er hopelijk voor jou ook wat meer rust.  

 

Dries en Corrie. Lieve Corrie, ondanks dat Dries dit niet meer mag meemaken, weet ik 

zeker dat hij ergens tevreden meekijkt.  

 

Vrienden en familie in en rond Leiden: dank voor jullie belangstelling en alle ontspanning in 

de vele Leidsche kroegen. Zonder ontspanning is geen inspanning mogelijk en dus ook niet 

dit boekje. 

 

Juud. Zonder jou aan mijn zijde zou promoveren volgens mij helemaal niet leuk zijn. Leuk 

zijn alleen díe dingen die ik met je kan delen. Het boekje is af: tijd voor een feestje! 
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Henri Cornelis Andries (Hans) Bogaardt werd in 1968 geboren in Delft. Na jarenlang in 

Rijswijk te hebben gewoond, verhuisde hij naar Zwijndrecht om daar uiteindelijk het 

VWO af te ronden. Na de middelbare school begon Hans met studeren in Leiden, zonder 

daar aanvankelijk erg succesvol in te zijn. Via verschillende faculteiten belandde Hans 

uiteindelijk op de opleiding voor Logopedie aan de Leidse Hogeschool, die hij in 1995 met 

succes afrondde. 

Zijn laatste stages voor deze opleiding leidden hem via de afdeling Foniatrie van het 

toenmalige AZU in Utrecht naar het Royal Perth Hospital in West-Australië.  

In beide stages stond de behandeling van slikstoornissen centraal en hebben daarmee een 

enorme wending gegeven aan zijn latere loopbaan. Na het behalen van zijn diploma 

Logopedie, werkte Hans eerst 4 jaar in Duitsland in verschillende instellingen 

(Bezirkskrankenhaus Mainkofen, Deggendorf; Hedon Klinik, Lingen; Krankenhaus 

Ludmillenstift, Meppen) alwaar hij zich verder specialiseerde in onderzoek en behandeling 

van slikstoornissen.  

Echter, de wens bleef om als logopedist in Nederland te werken en na eerst een aantal jaren 

te hebben gewerkt op de afdeling Foniatrie van het UMC Utrecht begon Hans in 2000 op 

de afdeling KNO van het Academisch Medisch Centrum in Amsterdam. 

In 2002 volgde hij de Masteropleiding Evidence Based Practice aan de Universiteit van 

Amsterdam, die hij in 2004 afrondde. Hiermee werd een basis gelegd voor verschillende 

onderzoeken op het gebied van slikken en slikstoornissen. Onder begeleiding van professor 

W.J. Fokkens heeft dit onderzoek uiteindelijk geresulteerd in dit proefschrift.  

Naast zijn werkzaamheden op het AMC geeft Hans regelmatig in binnen- en buitenland 

presentaties en cursussen op het gebied van de behandeling van slikstoornissen. 

Dit proefschrift kan worden gezien als de afronding van een lange en mooie (leer-)periode 

in Amsterdam: per 1 april 2009 is Hans verbonden als wetenschappelijk onderzoeker aan 

het Intergraal Kankercentrum West in Leiden. 

 

Hans is getrouwd met Judith en zij wonen kindvrij in het centrum van ’s lands mooiste 

middelgrote stad: Leiden. 
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