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Electrical stimulation of hyoid muscles in post-stroke dysphagia
Petr Konecnya,b c,d, Milan Elfmarkb
Aims. The purpose of this study was to evaluate swallowing changes in post-stroke patients with dysphagia after four
weeks of suprahyoid muscles electrical stimulation.
Methods. This was a prospective randomized study of early stage stroke patients with dysphagia. Electrical stimulation of suprahyoid muscles was given to a group of 54 patients (26 men, average age 70 years) for 20 minutes a day, 5
days a week. Standard orofacial rehabilitation without electrical stimulation was carried out on a control group of 54
patients (31 men, average age 69 years). Swallowing was evaluated at the beginning of the study and at the end, by
videofluoroscopy – measuring the time for oral and pharyngeal phases.
Results. The difference in duration of oral transit time (OTT) after the therapy between the study group (average: 0.55
± 0.01) and the control group (average: 0.29 ± 0.03) was statistically significant (P=0.01). Difference in duration of the
pharyngeal transit time (PTT) after the therapy between the study group (average: 0.37 ± 0.02) and control group
(average: 0.15 ± 0.02) was also statistically significant (P=0.009).
Conclusion. Electrical stimulation of suprahyoid muscles significantly reduced the duration of the oral and pharyngeal phases: in the post-stroke patients with dysphagia used in this study. The result is improved swallowing. This is a
recently recommended approach and your study confirms its efficacy.
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(ref.4-7). Our standard OFR therapy included 3 steps.
Step 1 (Preparatory phase): postural therapy and respiratory rehabilitation with practise to close the laryngeal
strait. Step 2 (Practise of “dry” swallowing): practising
the oral phase (exercise of tongue, thermal touch therapy, exercising face and lip muscles) and pharyngeal phase (strenuous swallowing training with the pressure of
tongue on palate and strengthening vocal cord closure).
Step 3 (Targeted physiotherapy of swallowing): Practise
of swallowing with the use of foods and drinks of different
consistency, activation of the propulsion force, training
of the supraglotic swallowing and eventually practise of
the compensation swallowing strategy with the help of
controlled head position7. OFR has impact not only on
the restoration of the swallowing but also on the other
orofacial functions (mimics, speech), overall health and
life quality4,8. A newly recommended approach for the
functional restoration of swallowing muscles is electrical
stimulation (ES) of hyoid muscles. ES of hyoid muscles
in post-stroke patients with dysphagia leads to improved
elevation of the larynx and better closure of the airways
and therefore it prevents food aspiration9, 10. The most
clinically useful approach is to stimulate the suprahyoid
muscles by means of TENS (transcutaneous electrical
nerve stimulation) currents with a frequency of 60 Hz, a
pulse length of 300 ms and intensity of the motor threshold9-12.

INTRODUCTION
Post-stroke dysphagia manifests as a swallowing disorder. The incidence of dysphagia in patients after cerebrovascular accident is 20% - 65% (ref.1,2). A complex
interdisciplinary approach is needed for diagnostics and
therapy3. Objective x-ray-based method - the videofluoroscopic swallowing study (VFSS) is used for evaluating a
person's swallowing ability. During the VFSS video recordings of the swallowing act are evaluated and duration
of different swallowing phases measured. The oral phase
is determined by the so-called oral transit time (OTT).
OTT is measured from the start of bolus passage from
the mouth to the back of the tongue – entrance into the
pharynx. Pharyngeal transit time (PTT) is measured from
the time that the bolus enters the pharynx to the moment
it reaches the cricopharyngeal area (beginning of the oesophagus) (ref.4).
Compensatory and therapeutic strategies are used in
the management of swallowing disorders. Compensatory
strategies ensure food intake by substitute nutrition (nasogastric intubation, percutaneous endoscopic gastrostomy or parenteral intravenous nutrition), by selection
of suitable food and by modification of food consistency.
Therapeutic strategies restore the oropharyngeal motor
skills and swallowing maneuvers with the help of therapeutic exercise. This is orofacial rehabilitation (OFR)
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The purpose of our prospective study was to objectively evaluate with the help of VFSS, the changes in swallowing times (OTT and PTT) in post-stroke patients with
dysphagia after four weeks of OFR therapy with ES of
suprahyoid muscles compared to patients (control group)
who received standard OFR without ES.

and December 2016. Standard OFR was performed in
both groups once a day five days a week14. Furthermore
electrical stimulation of the suprahyoid muscles by means
of TENS currents with a frequency of 60 Hz and intensity
of the motor threshold was applied in the study group for
20 min a day, five days a week. Measured values for OTT
and PTT times before and after the therapy and differences between the study group and the control group were
statistically evaluated using ANOVA: The significance
level was set at P<0.05.

METHODS
Inclusion criteria were dysphagia in the early stage after stroke, ability of active cooperation and negative watertest (excluding aspiration)13. All patients signed informed
consent and the study was performed in accordance with
the Declaration of Helsinki ethical principles for medical
research.
The study group comprised of 54 patients, 28 women
and 26 men of average age 70 years. Of these, 50 patients
had ischemic stroke and 4 patients had hemorrhagic
stroke. Brainstem damage with bulbar palsy was present
in seven cases. Cortical-subcortical damage with pseudobulbar palsy was present in 47 patients. The control
group included 54 patients, 23 women and 31 men of
average age 69 years. Of these, 49 patients had ischemic
stroke and 5 had hemorrhagic stroke. Ten patients with
brainstem lesion suffered bulbar palsy and 44 developed
pseudobulbar palsy due to cortical-subcortical brain lesion
(Table 1). We used instrumental examination – VFSS for
the evaluation of swallowing. Duration of the oral transit
time (OTT) and the pharyngeal transit time (PTT) was
measured. Measurements were performed during the patient's hospitalization at the rehabilitation departments of
NMB in Brno and CLR in Prostějov hospital. We measured the values at the beginning of the rehabilitation
therapy (before OFR) and after four weeks of therapy
(after OFR). Our study took place between January 2013

RESULTS
In total 108 post-stroke patients with dysphagia were
evaluated after four weeks of complex OFR. We found
statistically significant changes in the study group treated with both OFR and ES of suprahyoid muscles. There
was a difference in the oral phase (the difference in OTT
was 0.55 ± 0.01, P=0.0009) and in the pharyngeal phase
(the difference in PTT=0.37 ± 0.02, P=0.0001). We also
found statistically significant changes in the control
group after the therapy (the difference in OTT was 0.29
± 0.03, P=0.01 and the difference in PTT was 0.15 ± 0.02,
P=0.009). When comparing the differences between the
groups after the therapy we found statistically significant
changes for the OTT value P=0.01 and for the PTT value
P=0.009 (Table 2.).

DISCUSSION
Significant changes in the values measured by VFSS
before and after the therapy and the significant differences between the groups in this intervention provide us
with positive evidence for the efficiency of suprahyoid

Table 1. Demographic data.

Age (years) (SD)
Men / women (number, %)
Type of stroke (ischemia /haemorrhage)
Palsy (Pseudobulbar/ Bulbar)

Study group
(n=54)
70 (±7.3)
26 (48%) / 28 (52%)
50 (92%) / 4 (8%)
47 (87%) / 7 (13%)

Control group
(n=54)
69 (±8.2)
31 (57%) / 23 (43%)
49 (91%) / 5 (9%)
44 (82%) / 10 (18%)

P
NS
NS
NS
NS

SD - standard deviation, P - level of statistical significance (P < 0.05), NS - non-significant difference, n - number of patients

Table 2. VFSS – transit times before and after therapy (sec.).

OTT_1 (SD)
OTT_2 (SD)
PTT_1 (SD)
PTT_2 (SD)

Study group
(n=54)
1.55 (±0.21)
1.00 (±0.20)
1.05 (±0.15)
0.68 (±0.13)

Control group
(n=54)
1.56 (±0.25)
1.29 (±0.29)
1.06 (±0.17)
0.91 (±0.19)

P
NS
0.0005
NS
0.0004

SD - standard deviation, P - level of statistical significance (P < 0.05), NS - non-significant difference, n - number of patients OTT_1 - mean value
of oral transit time before therapy, OTT_2 - mean value of oral transit time after therapy, PTT_1 - mean time of pharyngeal transit time before
therapy, PTT_2 - mean value of pharyngeal transit time after therapy
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muscles ES in OFR of post-stroke dysphagias. We observed improvement in the oral and pharyngeal transit
times in both groups after four weeks of therapy. The
measured improvement of swallowing times (OTT and
PTT) between the observed groups was significantly better in intervention group where ES had been performed.
Similar results were published by Permisirivanich et al.15.
This study compared the effects of four weeks rehabilitation swallowing therapy (11 post-stroke patients with
dysphagia) vs. neuromuscular electrical stimulation therapy (12 post-stroke patients with dysphagia). While both
RST and NMES therapy has showed a positive effect in
the treatment of persistent dysphagia in stroke patients,
NMES was significantly superior (evaluated according
to functional oral intake scale - FOIS). We found similar
results but we used VFSS instead of FOIS for the evaluation of changes.
A similar study by Ludlow et al. provided evidence
that ES of the suprahyoid muscles improves swallowing
after a stroke11. In contrast Power et al. found no benefit
of ES. In this study ES applied to pharyngeal muscles in
post-stroke patients with dysphagia for one hour daily for
one month rehabilitation course had no significant functional or neurophysiological benefit in comparison with
a control group that received conventional rehabilitation
treatment of dysphagia16.
In our study we used ES of the suprahyoid muscles.
Similar ES of suprahyoid muscles was used by Beom et. al.
in patients with dysphagia after central nervous system lesions. In this study positive clinical changes in swallowing
were observed in seven study subjects in comparison with
21 controls but these were not statistically significant. The
lack of statistical significance may have been due to small
sample size10.
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CONCLUSION
A significant positive effect of ES therapy was found in
our study. After four weeks of OFR with ES of suprahyoid
muscles, oral and pharyngeal transit times improved in
patients with dysphagia after cerebrovascular accident.
The ES is a reliable and effective method for swallowing disorders therapy. Post-stroke dysphagia treatment is
important for restoration of food and liquid intake. This
improves basic life functions (nutrition and hydration),
life quality and decreases morbidity and mortality.
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