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sion:  Our data suggest that the use of surface electromyog-
raphy as biofeedback in the treatment of chronic dysphagia 
after stroke could be an effective adjunct to standard thera-
py for swallowing disorders in 11 patients. 
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 Introduction 

 In the literature, stroke (ischaemic infarct or bleed-
ing in the brain) is often described as one of the main 
causes of dysphagia. About 50% of the stroke patients 
will suffer from swallowing disorders like coughing and 
choking when eating and drinking  [1] . In many patients 
the swallowing function will recover in a short period 
(2 months) of time  [2] , but in a small group of patients 
total recovery of the swallowing function can take many 
months to several years  [3] . If the swallowing function 
fails to recover, the patients have to be fed through a 
feeding tube [percutaneous enteral gastrostomy (PEG) 
tube] to maintain a normal nutritional status. A Cana-
dian study  [4]  suggests that 1.25% of all stroke patients 
will be in need of parenteral nutrition (tube feeding). 
Elia et al.  [5]  estimate that the incidence of stroke pa-
tients who are fed over a PEG tube for over a period of 1 
year is 1.7% in the UK. More recently a study  [6]  showed 
that 55% of the stroke patients who had a PEG tube 
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 Abstract 

  Objective: To evaluate the efficacy of the use of surface elec-
tromyographic feedback in the treatment of stroke patients 
with chronic dysphagia. Patients and Methods:  Data of 11 
consecutive patients with chronic dysphagia after stroke 
were analyzed. Our patients were treated for dysphagia with 
surface electromyography as biofeedback as adjunct to nor-
mal exercises. All patients suffered from dysphagia after 
stroke. The average time after onset was 31.1 months. All pa-
tients had been previously treated by speech therapists 
without success. Functional swallowing was estimated using 
the Functional Oral Intake Scale (FOIS). At the start of the 
treatment 8 patients were tube dependent (FOIS  ̂  4). Three 
patients were on an oral diet, but with restrictions (FOIS  6 5). 
 Results:  The patients were treated on average seven 7 times. 
The time between the first and last treatment session was on 
average 76.1 days (SD  8  44.0; range = 29–168). Before treat-
ment the average FOIS was 2.6 (SD  8 2.3) and after treatment 
5.6 (SD  8 1.6). The median scores improved from 1 to 6, show-
ing a significant and clinically relevant improvement (z =
–2.820: p  !  0.01) in swallowing function. In 6 of initially 8 pa-
tients with percutaneous enteral gastrostomy tubes, the 
feeding tube could be removed after treatment.  Conclu-
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placed, still were dependent on tube feeding at a follow-
up 2 years after stroke.

  Publications like those by Crary  [7]  and Huckabee and 
Cannito  [8] , however, show that the treatment of patients 
with severe and chronic dysphagia with surface electro-
myography (sEMG) as biofeedback can be effective. The 
use of sEMG as a biofeedback tool in the treatment of dys-
phagia is relatively new for speech therapists. Although 
other allied health professionals, like physiotherapists, 
have already used this biofeedback tool for several de-
cades, the first application of sEMG in speech therapy is 
estimated around 1990, following the first publication by 
Crary in 1995  [8] .

  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 invol-
untary or unfelt events by manipulating the displayed 
signals’  [9] . The rationale is thus that if a patient sees his 
muscle activity, rather than just feeling his muscles con-
tract, he will be able to contract his muscles more fierce-
ly and therefore be able to train his muscles faster. The 
use of sEMG biofeedback has proven to be effective in 
other professions and patient groups. Although there are 
only few meta-analyses 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  [10, 11] .

  When using sEMG as biofeedback in dysphagia ther-
apy, electrodes are placed under the chin, between the 
front of the mandible and the hyoid, thus recording the 
muscle activity in the submental muscles (m. stylohyoi-
deus, m. mylohyoideus, m. digastricus). During swallow-
ing the larynx is elevated and moved forward by contrac-
tion of the supralaryngeal, suprahyoidal and submental 
muscles  [12] . In their study Ding et al.  [13]  established a 
good correlation between sEMG measurements of the 
submental muscles and swallowing.  Figure 1  shows the 
EMG curve of 3 swallows in a normal, healthy person. On 
the horizontal axis the time frame is 30 s, the vertical axis 
shows the electrical activity (measured in microvolt) of 
the submental muscles.

  In the treatment of dysphagia with sEMG as an ad-
junct, therapy focuses on repeatedly making the Men-
delsohn maneuver. This maneuver was designed as a 
compensatory swallowing technique to clear residue 
from the pharynx  [14]  but has also shown to be effective 
as a rehabilitative exercise for restoring swallowing func-
tion  [8] . The Mendelsohn maneuver as a rehabilitative 
exercise may result in a better laryngeal elevation and co-
ordination during swallowing  [15]  and is also considered 
to contribute to a better pharyngeal contraction  [16] . A 
patient is instructed to hold his breath and make a ‘long 
swallow’ or to keep his larynx elevated for several seconds 
following a swallow.

  Our patients were instructed to make a modified Men-
delsohn’s maneuver, where they prolong the laryngeal ex-
cursion to a maximum of 10 s, instead of 2–3 s as in the 
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  Fig. 1.  Characteristics of normal swallowing.   Fig. 2.  SEMG trace during a Mendelsohn maneuver. 
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original maneuver. The rationale for this modification is 
that we consider the Mendelsohn maneuver to be an iso-
metric exercise, and thus the exercise should be per-
formed either fast and often or at a slower pace with a 
prolonged contraction  [17] . This same principle is used in 
another exercise for dysphagic patients (Shaker’s head tilt 
exercise), where faster and slower exercises are combined 
 [18] . Whereas  figure 1  shows the characteristics of a nor-
mal swallow (a short peak with a total duration of about 
2 s),  figure 2  presents the sEMG trace of a Mendelsohn 
maneuver for a period of 10 s. During dysphagia therapy 
the patient is asked to make several Mendelsohn maneu-

vers. While watching the sEMG signal on a computer 
monitor, the patient has an immediate feedback of his 
swallowing performance.

Patients and Methods

  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 dys-
phagia therapy, were analyzed.

Table 1. Patient data and diagnosis

Patient Sex Age
years

Diagnosis1 Months 
after stroke

Complaints and pathophysiology Diet

1 M 69.9 left-sided
lacunar infarct

24 coughing on thin liquids: 10 times a day, food gets stuck4 oral diet

2 M 71.1 Wallenberg
syndrome

10 frequent coughing on saliva swallows, silent aspiration of thin
liquids2, reduced laryngeal excursion2, residue piriform sinuses2 

nil-by-mouth

3 M 58.8 Wallenberg
syndrome

5 has to spit out saliva, frequent coughing on saliva swallows,
aspiration of thin liquids, reduced pharyngeal contraction2

nil-by-mouth

4 M 49.0 left cortical stroke 7 coughing on thin liquids, food gets stuck, cricopharyngeal
impression2

oral diet

5 M 64.6 brainstem CVA 10 frequent coughing on saliva, absent pharyngeal contraction,
reduced laryngeal excursion2

nil-by-mouth

6 F 54.0 Multi-trauma/
brain-injury

13 frequent coughing on saliva, 4 times aspiration pneumonia,
saliva stasis in piriform sinuses, silent aspiration3

nil-by-mouth, 
with minimal 
attempts

7 M 66.5 left-sided
lacunar infarct

24 has to spit out saliva, tries to swallow yoghurt4 nil-by-mouth, 
with minimal 
attempts

8 M 71.4 brainstem CVA 72 has to spit out saliva, frequent coughing, no pharyngeal
response when swallowing, silent aspiration on every swallow2

nil-by-mouth

9 M 55.5 Wallenberg
syndrome

145 coughing on saliva several times a day, food gets stuck
in throat, no aspiration with thin liquids2

oral diet

10 M 57.4 brainstem CVA 18 patient with tracheotomy, inflated cuff, spits out saliva, saliva
stasis in piriform sinuses, silent aspiration of thin liquids3

nil-by-mouth

11 M 59.5 brainstem CVA 8 coughing on thin and thick liquids, delayed pharyngeal response, 
no laryngeal excursion, absent pharyngeal contraction2

nil-by-mouth

Mean8SD 61.187.6 30.6842.3

CVA = Cerebrovascular accident.
1 Diagnosis as mentioned on referral. 2 As diagnosed by a radiologist on videofluoroscopy. 3 As diagnosed with FEES. 4 No videofluoros-

copy or FEES performed.
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  Patients 
 Retrospectively the data of 11 consecutive patients with chron-

ic dysphagia after stroke, who were treated with sEMG as biofeed-
back between 2002 and 2004, were analyzed.

  Our patients (10 males, 1 female) aged from 54.0 to 71.4 years 
(mean = 61.1, SD =  8 7.6) were treated for dysphagia with sEMG 
as biofeedback as adjunct to normal exercises. All patients suf-
fered from dysphagia after stroke (10 had brainstem lesions, 1 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 the onset of stroke 
and the first treatment session at our clinic was 30.6 months
(SD =  8 42.4; range = 5.0–145.0), and all patients had previously 
been treated by a speech therapist for their swallowing problems, 
without success.

  The functional swallowing ability of each patient was estimat-
ed using the Functional Oral Intake Scale (FOIS), a 7-point ordi-
nal scale reflecting patient report of food/liquid safely ingested by 
mouth on a consistent basis  [19] , see  table 2 .

  At the start of the treatment 8 patients were fully tube depen-
dent for nutrition (i.e. FOIS  ̂  3). The other 3 patients were already 
capable of eating and drinking but had restrictions and limita-
tions to certain consistencies (i.e. FOIS  6 4). The patients had an 
average score of 2.6 (SD  8 2.3) on the FOIS before starting the 
treatment with sEMG biofeedback. The median pretreatment 
score was 1.

  Methods 
 The treatment consisted of maintaining a swallow for 8–10 s 

(i.e. modified Mendelsohn’s maneuver) every 30 s for a period of 

20 min per treatment session. The swallowing activity was visual-
ized by the use of sEMG of the submental muscles, using MyoTrac 
III equipment (Thought Technology, Canada) on a standard com-
puter with a 17-inch monitor.

  Initially the patients received treatment in our clinic once a 
week, as the swallowing function showed improvement, the fre-
quency of treatment was changed to 1 session biweekly. When 
not receiving treatment in our clinic, the patients were instruct-
ed to repeat these exercises, without the use of sEMG biofeed-
back, at home 2–3 times a day (in total 40–60 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 the laryngeal 
movement.

Table 2. Functional Oral Intake Scale

Lev-
el

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 without restrictions

Table 3. Treatment data and outcomes

Patient Sessions Total days of
treatment 

Pretreatment
FOIS

Posttreatment
FOIS

Pretreatment
PEG

Posttreatment
PEG

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 3a yes yes
9 4 29 6 9b no no

10 15 168 1 2c 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
6d

a Patient died (MCI). 
b Treatment stopped due to complaints of dizziness.
c Patient chose laryngectomy as other treatment option.
d Significant improvement (z = –2.820, p < 0.01).
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  If a patient’s swallowing clinically improved [i.e., less cough-
ing on saliva swallowing, less spitting out of saliva or a dryer 
pillow in the morning (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 swallowing 
small sips of water during the day in the home setting. The pa-
tient was also told to monitor his temperature daily with a ther-
mometer and to consult his general practitioner immediately if 
there were signs of fever (and thus possible aspiration pneumo-
nia).

  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 could also swallow other boluses safely. As 
FEES is available in the department, this procedure was per-
formed on the patients prior to a change of dietary level; if clini-
cally the swallowing had improved, i.e. they could swallow a cer-
tain 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, Chi-
cago, Ill., USA). A Wilcoxon (paired) analysis was used to detect 
significant changes in swallowing scores.

  Results 

 Eight patients were treated until they reached a satis-
factory level of oral intake. One patient died of a myocard 
infarction during his sleep before the treatment was end-
ed, and 1 patient chose functional surgery (laryngecto-
my) as further treatment. Both patients had to that point 
benefited from the described treatment; 2- and 1-point 
increase on the FOIS scale, respectively. The data of these 
patients were included in the data analysis, according
to the intention-to-treat principle. One patient stopped 
therapy because of complaints of dizziness during the ex-
ercises at home.

  As a group, all patients were treated on average 7 times 
(SD =  8 3.3; range = 3–15). The time between the first and 
last treatment session was on average 76.1 days (SD = 
 8 44.0; range = 29–168). After treatment the average 
score on the FOIS was 5.6 (SD =  8 1.6), with a median 
score of 6. A Wilcoxon (paired) analysis showed a sig-
nificantly and clinically relevant improvement (z =
–2.820, p  !  0.01) in swallowing function. In the initial 8 
patients with PEG tubes, the feeding tube could be re-
moved after treatment in 6 patients, establishing a 75% 
success rate. Of the 6 patients in whom the PEG tube 
could be removed, 3 had no limitations to their oral diet 
(FOIS 7) and 3 had only small limitations (FOIS 6).

  Of the 3 patients who had already been on a partially 
oral diet prior to the treatment, 1 (initial FOIS score: 6) 

stopped treatment because of complaints of dizziness. 
The 2 other patients (FOIS 5 and FOIS 6, respectively) 
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 de-
partment until discharge, each patient underwent 3–4 
FEES examinations. None of our patients developed as-
piration pneumonia or other pulmonary complica-
tions.

  Discussion 

 Our data support previous reports that the use of 
sEMG as biofeedback in the treatment of chronic dyspha-
gia 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 bio-
feedback as a rehabilitative exercise. Some patients com-
bined the sEMG biofeedback treatment with exercises as 
the Masako maneuver and the Shaker Head Tilt exercise 
 [21] . However, as all of our patients had failed to make any 
progression in previous received speech therapy, where 
they had already tried these exercises without any suc-
cess, their progression in functional swallowing can be 
considered more as a result of the introduction of sEMG 
as a biofeedback tool than as an effect of these specific 
exercises.

  The outcome in our study differs from other articles 
 [7, 8] . This might be due to a different treatment inten-
sity and treatment frequency, as the training of muscle 
strength and muscle coordination is considered to be 
dependent on the intensity and frequency of the treat-
ment  [22] . In our treatment program, patients perform 
the Mendelsohn maneuver for 10 s, whereas in the Crary 
study patients contract their muscles less. Furthermore, 
in the treatment described in the articles it is often seen 
that also another range of rehabilitative exercises are in-
troduced during the sessions so that any given result 
cannot be described with respect to the use of sEMG as 
biofeedback  [16] . In cases where the intensity of the giv-
en treatment is discussed, it differs from article to arti-
cle. Only Huckabee and Cannito  [8]  describe the thera-
py intensity rather clearly. Two articles  [7, 19]  state that 
patients use sEMG equipment at home while doing ex-
ercises, whereas in other studies the sEMG equipment is 
only used when the patient visits the institution. These 
differences in treatment intensity make comparisons of 
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these articles and their treatment outcomes impossi-
ble.

  Three patients did not end the treatment: 1 died of 
heart problems in his sleep, 1 stopped treatment because 
of problems with dizziness and 1 chose to have function-
al surgery (laryngectomy) as a possible solution to his in-
ability to swallow. Their data were included in the analy-
ses on a group level as it is unknown whether in other 
studies patients have dropped out of the therapy pro-
gram, and if so, the reason for a possible drop-out in oth-
er articles is not clearly described. Also, deleting the data 
from our study would introduce a selection bias to our 
research. 

 Conclusion 

 To conclude, our study suggests that sEMG as biofeed-
back in the treatment of chronic dysphagia after stroke is 
an effective adjunct to standard therapy for swallowing 
disorders in 11 stroke patients. However, critical apprais-
al of existing literature and methodological limitations to 
our study show the need of setting up randomized con-
trolled trials, with clear treatment protocols and treat-
ment intensity, in this area of dysphagia treatment in the 
near future, to provide evidence for the efficacy and ef-
ficiency of sEMG biofeedback in the treatment of dys-
phagic patients.
 


