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Objective  To investigate the effect of laryngopharyngeal neuromuscular electrical stimulation (NMES) on 
dysphonia in patients with dysphagia caused by stroke or traumatic brain injury (TBI).
Methods  Eighteen patients participated in this study. The subjects were divided into NMES (n=12) and 
conventional swallowing training only (CST, n=6) groups. The NMES group received NMES combined with CST 
for 2 weeks, followed by CST without NMES for the next 2 weeks. The CST group received only CST for 4 weeks. All 
of the patients were evaluated before and at 2 and 4 weeks into the study. The outcome measurements included 
perceptual, acoustic and aerodynamic analyses. The correlation between dysphonia and swallowing function was 
also investigated.
Results  There were significant differences in the GRBAS (grade, roughness, breathiness, asthenia and strain scale) 
total score and sound pressure level (SPL) between the two groups over time. The NMES relative to the CST group 
showed significant improvements in total GRBAS score and SPL at 2 weeks, though no inter-group differences 
were evident at 4 weeks. The improvement of the total GRBAS scores at 2 weeks was positively correlated with the 
improved pharyngeal phase scores on the functional dysphagia scale at 2 weeks.
Conclusion  The results demonstrate that laryngopharyngeal NMES in post-stroke or TBI patients with dysphonia 
can have promising effects on phonation. Therefore, laryngopharyngeal NMES may be considered as an additional 
treatment option for dysphonia accompanied by dysphagia after stroke or TBI.
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INTRODUCTION

Dysphonia is a voice disorder of the larynx usually 
manifesting as hoarseness. Its etiology can be neurologic, 
organic, or functional [1]. Those with dysphonia can be 
affected socially and vocationally as they develop com-
munication issues with friends and colleagues. Indeed, 
they might experience social isolation, depression and 
impaired quality of life [2]. Another speech issue is dys-
arthria, in which the muscles used for speech have been 
weakened or are not properly controllable. Cohen et al. 
[1] maintained that cerebral hemisphere strokes often 
result in dysarthria that affects all of the cranial nerves 
innervating the speech and voice musculature, result-
ing, in turn, in slow speech, imprecise articulation, and a 
strained quality of voice. In cases of acquired brain inju-
ry, speech is typically one of the important rehabilitation 
concerns in terms of a patient’s quality of life. As such, 
various types of therapy are used clinically for dysphonia 
and dysarthria. For these rehabilitation programs, how-
ever, there are as yet no distinct guidelines [3-5].

Swallowing and phonation are different functions that 
share a common structure in the form of the aerodiges-
tive tract. Consequently, if either function is impaired, it 
is highly probable that the other also is affected. Tradi-
tionally, therapeutic methods have been applied to each 
function separately; however, given the recent discovery 
of cross-system interaction between those two functions, 
it has been considered that a therapeutic benefit for one 
might also offer improvement for the other [6-8]. In this 
regard, laryngopharyngeal neuromuscular electrical 
stimulation (NMES), a recent dysphagia therapy that is 
effective in improving swallowing function (significant 
improvements in laryngeal elevation, epiglottic closure, 
and the pharyngeal transit time of the pharyngeal phase 
have been reported [9]) has been shown to effect positive 
changes in phonation in addition to those of swallowing 
function [6,10]. Another, acoustic evaluation reported 
improved voice intensity and stabilized jitter and shim-
mer after laryngopharyngeal NMES [11]. The precise 
mechanism of action here, however, remains unclear. A 
possible explanation is that contraction of the superficial 
cricothyroid muscles is facilitated, thereby increasing vo-
cal fold tension, improving glottal closure and contribut-
ing in turn to improved voice performance [6]. Another 
study, meanwhile, failed to demonstrate any intrinsic la-

ryngeal muscle activation or improved vocal fold closure 
[12].

Thus far there have been only a few clinical trials that 
have objectively—perceptually, acoustically, aerodynam-
ically—evaluated the effect of laryngopharyngeal NMES 
therapy on phonation. The aim of the present study was 
to evaluate, in perceptual, acoustic and aerodynamic as-
pects, the effect of laryngopharyngeal NMES therapy on 
the phonation of patients diagnosed with dysphagia after 
stroke and traumatic brain injury (TBI), specifically by 
comparison with those who had undergone conventional 
swallowing training (CST) only. The correlation between 
dysphonia and swallowing function was also evaluated.

MATERIALS AND METHODS

Subjects 
Eighteen patients admitted to our rehabilitation depart-

ment for stroke or TBI between November 2011 and May 
2015 participated in this study. After the onset of stroke, 
all the subjects manifested symptoms of dysphonia, in-
cluding hoarseness and/or a breathy or rough voice. The 
subjects were medically stable and able to participate in 
the therapy programs. For patients with dysphagia diag-
nosed by videofluoroscopic swallowing study (VFSS), a 
speech therapist performed a voice analysis. The exclud-
ed patients were those with an organic voice disorder 
involving polyps, tumors or paralysis of the vocal cords, 
those who had dysphagia before disease onset, and those 
who could not participate in therapy due to cognitive 
dysfunction or a pre-existing psychiatric condition, those 
who were unable to undergo electrotherapy due to cardi-
ac pacemakers, and those who could not phonate due to 
tracheostomy. The subjects were divided into the follow-
ing two groups: an experimental group, which received 
both CST and laryngopharyngeal NMES therapy (n=12), 
and a control group that received only CST (n=6). This 
study was approved by the Institutional Review Board of 
Dankook University in Korea.

Treatment protocol
Both the NMES and CST groups underwent 4 weeks of 

CST, 5 times per week and once per day for 60 minutes 
each. The CST consisted of tongue retraction exercise, 
jaw and lip range-of-motion exercise, bolus manipula-
tion exercise, Shaker exercise, thermotactile stimulation 
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and Mendelsohn maneuver. If necessary, patients were 
educated in compensatory techniques.

The NMES group received laryngopharyngeal NMES 
stimulation using the VitalStim Therapy System (Chat-
tanooga Group, Austin, TX, USA) 5 times per week and 
once per day for 60 minutes during the initial 2 weeks 
while undergoing CST. The NMES stimulation was ap-
plied through two independent channels, pads having 
been placed on both sides of the thyroid notch and at 
two points on the hyoid bone, respectively. The optimal 
biphasic wave and pulse duration were determined to be 
80 Hz and 300 μs, respectively, as described in Freed et al. 
[13]. To prevent laryngeal muscle spasm, stimulation was 
applied for 50 seconds, before and after which there were 
1 second rise and fall times, respectively, followed by a 
pause of 8 seconds. The intensity of stimulation ranged 
between 3 mA and a maximum value selected according 
to the subject’s capacity.

Voice analysis
The patients’ voice data were obtained in Dankook Uni-

versity Hospital’s Vocal Language Treatment room using 
the Kay-PENTAX Real-Time electroglottograph (EGG) 
Analysis program (Model 5138, Version 3.1.6; PENTAX 
Medical Company, Tokyo, Japan). The patient was seated 
in an easy posture with EGG (Model 6103, Kay-PENTAX) 
electrodes attached to both sides of the thyroid cartilage, 
and were asked to continue phonating the vowel a at 
maximum length for as long as possible while maintain-
ing a 5-cm distance between the mouth and the mi-
crophone. The voice-sampling rate was 44,100 Hz with 
16-bit quantization. For perceptual voice quality evalua-
tion, the universally employed GRBAS scale with its five 
parameters (Appendix 1) was used [14]. Each parameter 
was rated on a 4-point scale ranging from 0 (normal) 
to 3 (severe). For acoustic evaluation, the fundamental 
frequency (‘Fo’), variation of frequency (‘jitter’), varia-
tion of vocal amplitude (‘shimmer’), noise-to-harmonic 
ratio (NHR) and soft phonation index (SPI), which are 
representative parameters of vocal cord vibration stabil-
ity, were assessed using the Multi-Dimensional Voice 
Program (MDVP) of a computerized speech laboratory 
(Model 4500, Kay-PENTAX) [15]. For the purposes of an 
aerodynamic evaluation, the maximal phonation time 
(MPT), mean flow rate (MFR), sound pressure level (SPL), 
subglottic pressure (Psub), phonation efficiency (PE) and 

phonation resistance (PR) were assessed by Aerophone II 
(Kay-PENTAX). Voice analysis was performed on all pa-
tients before as well as 2 and 4 weeks after the start of the 
study.

Swallowing function
All of the patients were assessed by VFSS before as well 

as 2 and 4 weeks after the start of the study. The VFSS was 
performed according to a modified Logemann protocol 
[16]. The procedure involved having the subject seated 
with fluoroscopic video images in lateral projection. 
Massive aspiration was screened by swallowing a 2-mL 
volume of thin liquid before beginning the main test pro-
cedure with five sequential swallows of 5 mL of thick and 
thin liquids. The images were analyzed frame-by-frame 
by an experienced physiatrist.

For the assessment of overall swallowing function, the 
functional dysphagia scale (FDS) was used [17]. The FDS 
consists of 11 items with weighted values representing 
4 oral and 7 pharyngeal functions that can be observed 
by VFSS (Appendix 2). For evaluation of the severity of 
penetration and aspiration, the penetration-aspiration 
scale (PAS) was applied, with scores ranging from 1 to 8 
[18]. Higher FDS and PAS scores indicate poor swallow-
ing function. Additionally, the patients were assessed on 
the American Speech-Language-Hearing Association 
National Outcome Measurement System (ASHA NOMS) 
swallowing scale, a 7-point rating system in which lower 
levels indicate more severe dysphagia. It was clinically 
evaluated by integrating all information regarding the 
diet level and the supervision level required [19].

Statistical analysis
Statistical analysis was performed using SPSS ver. 12.0K 

for Windows (SPSS Inc., Chicago IL, USA). To compare 
the baseline characteristics between the groups, the 
Mann-Whitney U and Fisher’s exact tests were applied 
for continuous and categorical variables, respectively. A 
repeated-measures ANOVA with post-hoc pairwise com-
parisons (Bonferroni corrected) were used to compare 
voice analysis factor and swallowing function changes 
between the groups over time (group-by-time interac-
tion). Statistical significance was set at p<0.05.



Laryngopharyngeal Neuromuscular Electrical Stimulation on Dysphonia

603www.e-arm.org

RESULTS

Characteristics of subjects
This study was conducted with a total of 18 subjects, 12 

males and 6 females. There were no statistically signifi-
cant differences between the groups with respect to age, 
gender, primary diagnosis, duration from onset to study 
enrollment or the initial swallowing function and voice 
analysis parameters (Table 1).

Voice analysis
Fig. 1 shows the total GRBAS scores in the NMES and 

CST groups. Statistically significant intra-group dif-

ferences were also observed over time (main effect of 
time, p<0.01). Additionally, there was a group-by-time 
interaction, which indicated a score difference between 
the groups over time (p<0.05). A post-hoc analysis by 
Mann-Whitney U test with Bonferroni correction was 
performed at each time point. The NMES group revealed 
a significant score improvement relative to the CST group 
at 2 weeks (p=0.01), although by 4 weeks, no difference 
was evident. Meanwhile, in the within-group analysis 
by Wilcoxon signed-rank test, the NMES group showed 
a statistically significant improvement from baseline to 
2 weeks (p<0.01) and from baseline to 4 weeks (p<0.01). 
Contrastingly, in the CST group, there were no significant 

Table 1. Baseline characteristics of patients

Characteristic NMES (n=12) CST (n=6) p-value
Age (yr) 72±9 60±16 0.151a)

Gender (male:female) 9:3 3:3 0.344b)

Primary diagnosis (stroke:TBI) 10:2 6:0 0.529b)

Duration from onset to study enrollment (day) 28±8 35±17 0.616a)

   Swallowing function

      PAS 3.84±2.12 3.67±2.08 0.820a)

      FDS (total) 31.33±17.63 30.16±18.75 0.682a)

      FDS (oral phase) 7.75±4.86 8.33±5.45 0.842a)

      FDS (pharyngeal phase) 23.58±13.09 21.83±13.62 0.618a)

      ASHA NOMS 3.81±1.89 4.11±2.45 0.750a)

   Initial voice analysis

      Total GRBAS score 6.42±3.32 6.23±3.21 0.864a)

      Frequency (Hz) 156.10±26.94 150.91±28.61 0.616a)

      Jitter (%) 4.86±3.22 2.51±2.16 0.102a)

      Shimmer (%) 10.74±6.89 5.87±2.65 0.180a)

      NHR 0.25±0.16 0.16±0.02 0.250a)

      SPI 17.52±12.51 14.94±6.74 0.820a)

      MPT (s) 3.12±1.97 4.09±1.01 0.063a)

      MFR 0.22±0.15 0.20±0.11 0.820a)

      SPL (dB) 79.18±7.53 80.27±4.47 0.831a)

      Psub 7.81±2.33 7.56±2.42 0.840a)

      PE 282.79±239.21 314.97±231.42 0.750a)

      PR 49.05±25.45 50.04±34.76 0.682a)

Values are presented as mean±standard deviation or numbers.
NEST, neuromuscular electrical stimulation; CST, conventional swallowing training; TBI, traumatic brain injury; PAS, 
penetration-aspiration scale; FDS, functional dysphagia scale; ASHA NOMS, American Speech-Language-Hearing As-
sociation National Outcome Measurement System swallowing scale; GRBAS, grade, roughness, breathiness, asthenia, 
and strain; NHR, noise-to-harmonic ratio; SPI, soft phonation index; MPT, maximal phonation time; MFR, mean flow 
rate; SPL, sound pressure level; Psub, subglottic pressure; PE, phonation efficiency; PR, phonation resistance
a)Mann-Whitney U test, b)Fisher’s exact test.
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improvements over time.
Table 2 shows the changes in the acoustic evaluation re-

sults for the NMES and CST groups. Within both groups, 

statistically significant differences in jitter over time (main 
effect of time, p<0.01) were observed. Also, a group-by-
time interaction indicating a score difference between 
the groups over time was found (p<0.05). However, post-
hoc analysis at each time point revealed no significant 
differences for any of the time intervals, which signaled 
a low therapeutic effect. In the within-group analysis, 
the NMES group showed statistically significant jitter im-
provement from baseline to 2 weeks (p<0.01) and from 
baseline to 4 weeks (p<0.01). In the CST group, however, 
there was no significant improvement in jitter over time. 
Regarding the other acoustic parameters, there were no 
significant group-by-time interaction, effect of time or 
group differences. 

Table 3 shows the results of the intra- and inter-group 
aerodynamic evaluations. Within both groups, statistical-
ly significant differences were observed in SPL over time 
(main effect of time, p<0.01). There was also a group-by-
time interaction indicating a score difference between 
the groups over time (p<0.05). For the NMES group, post 
hoc analysis at each time point revealed a significant im-
provement in SPL at 2 weeks (p=0.01), though by 4 weeks, 

Table 2. Improved acoustic evaluation results

T0 T1 T2
Repeated-measures ANOVA (F) Post-hoc test

Time Group
Group
×Time

T1 – T0 T2 – T0

Jitter (%) 9.22* 1.68 3.29*

      NMES 4.86±3.22 2.42±1.48 2.90±2.74 –2.45±2.06** –1.97±1.91**

      CST 2.51±2.16 1.81±1.65 1.69±1.33 –0.70±1.57 –0.82±0.96

Post-hoc test 
   (p-value)

NS NS NS

Shimmer (%) 0.50 2.12 0.84

      NMES 10.74±6.89 7.26±5.35 8.95±6.96 - -

      CST 5.87±2.65 4.99±2.08 4.27±2.20 - -

NHR 1.36 2.19 0.32

      NMES 0.25±0.16 0.17±0.05 0.21±0.17 - -

      CST 0.16±0.02 0.14±0.02 0.13±0.02 - -

SPI 0.85 0.90 1.17

      NMES 17.52±12.51 18.41±11.03 24.40±19.40 - -

      CST 14.94±6.74 14.61±7.45 14.38±5.89 - -

Values are presented as mean±standard deviation.
NEST, neuromuscular electrical stimulation; CST, conventional swallowing training; NHR, noise-to-harmonic ratio; 
SPI, soft phonation index; T0, baseline; T1, 2 weeks after initiation of study; T2, 4 weeks after initiation of study; NS, 
non-specific.
*p<0.05 by repeated-measures ANOVA.
**p<0.025 by Wilcoxon signed-rank test with Bonferroni correction.
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Fig. 1. Schematization of perceptual evaluation changes: 
total GRBAS score at baseline and at 2 and 4 weeks after 
initiation of the study in each group. GRBAS, grade, rough-
ness, breathiness, asthenia, and strain. a)p<0.017 by Mann-
Whitney U test with Bonferroni correction. b)p<0.025 by 
Wilcoxon signed-rank test with Bonferroni correction.
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no score difference was evident between the groups. In 
the within-group analysis, the NMES group showed a sta-
tistically significant improvement in SPL from baseline to 
2 weeks (p<0.01) and from baseline to 4 weeks (p<0.01). 
In the CST group by contrast, there were no significant 
improvements in SPL over time, although an improving 
trend was evident. 

The MPT similarly improved over time in both groups 
(main effect of time, p<0.01). As for the MFR, Psub, PE 
and PR parameters, there were no significant group-by-
time interaction, effect of time or group differences.

Swallowing function
Table 4 lists the swallowing function results for the two 

groups. All of the measurements in both groups showed 
similar improvements over time.

Correlation between dysphonia and swallowing function
The relevant data are presented in Table 5. The im-

provement in the total GRBAS scores at 2 weeks was 
positively correlated with those for the pharyngeal phase 
on the FDS at 2 weeks (p<0.05). No other correlations 
between improved total GRBAS scores and any swallow-
ing function parameter at 2 or 4 weeks were found. This 
result suggests that the dysphonia improvement was 
moderately related to that for the pharyngeal phase dur-
ing swallowing.

Table 3. Improved aerodynamic evaluation results

T0 T1 T2

Repeated-measures 
ANOVA (F)

Post-hoc test

Time Group
Group
×Time

T1–T0 T2–T0

MPT (s) 6.82* 0.03 1.98

      NMES 3.12±1.97 5.34±2.80 5.18±2.92 - -

      CST 4.09±1.01 4.38±1.21 5.71±3.28 - -

MFR 0.11 0.06 0.30

      NMES 0.22±0.15 0.21±0.09 0.24±0.16 - -

      CST 0.20±0.11 0.22±0.10 0.21±0.11 - -

SPL (dB) 10.71* 1.27 3.68*

      NMES 79.18±7.53 86.78±5.94 85.70±7.01 7.61±4.66** 6.53±4.08**

      CST 80.27±4.47 81.31±4.56 83.48±5.88 1.05±2.45 3.22±2.57

Post-hoc test 
   (p-value)

NS 0.014*** NS

Psub 1.79 0.15 0.30

      NMES 7.81±2.33 8.88±2.65 9.34±3.75 - -

      CST 7.56±2.42 8.00±3.67 8.94±3.11 - -

PE 2.28 0.03 0.56

      NMES 282.79±239.21 450.68±389.12 381.84±351.28 - -

      CST 314.97±231.42 399.11±320.97 475.44±222.52 - -

PR 0.18 0.08 0.48

      NMES 50.04±34.76 57.10±34.34 55.76±40.30 - -

      CST 49.05±25.45 47.01±27.80 53.13±19.84 - -

Values are presented as mean±standard deviation.
NEST, neuromuscular electrical stimulation; CST, conventional swallowing training; MPT, maximal phonation time; 
MFR, mean flow rate; SPL, sound pressure level; Psub, subglottic pressure; PE, phonation efficiency; PR, phonation 
resistance; T0, baseline; T1, 2 weeks after initiation of study; T2, 4 weeks after initiation of study; NS, non-specific.
*p<0.05 by repeated-measures ANOVA.
**p<0.025 by Wilcoxon signed-rank test with Bonferroni correction.
***p<0.017 by Mann-Whitney U test with Bonferroni correction.
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DISCUSSION

Speech is generated by respiration, phonation, reso-
nation, articulation and neurologic integration factors. 
Among these, phonation is the sound energy generated 

by the vocal fold vibration that is produced by the laryn-
geal muscle. In a stroke patient, however, the laryngeal 
muscle is frequently paralyzed, resulting in impaired 
vocal fold movement and, thus, vocalization abnormali-
ties [11,20]. In this study, the MDVP was used for acous-
tic evaluation of the dysphonia patients. The MDVP is 
a widely used clinical tool, as enables rapid analysis, 
digitization and standardization of the characteristics of 
individual voices [21,22]. In so doing, the MDVP evalu-
ates a total of 33 parameters, which are divided into 
eight groups including Fo, jitter, shimmer, NHR, SPI, and 
others [15]. All of these are representative acoustic pa-
rameters related to vocal fold vibration; as such, they are 
especially useful for evaluating voice disorders according 
to criteria that determine the stability of vocal fold vibra-
tion.

In an acoustic evaluation, Wang et al. [23], employing 
the MDVP program to analyze the voices of 10 patients 
with stroke-related dysarthria and comparing the results 
with 10 neurologically healthy controls, reported that 
fundamental frequency, jitter, shimmer and NHR were 

Table 4. Improved swallowing function results

T0 T1 T2
Repeated-measures ANOVA (F)

Time Group Group×Time
PAS 9.12* 0.08 0.48

   NMES 3.84±2.12 3.34±2.38 2.45±1.64

   CST 3.67±2.08 3.16±2.25 2.33±1.73

FDS (total) 39.40* 0.02 1.12

   NMES 31.33±17.63 26.50±17.43 19.58±15.00

   CST 30.16±18.75 27.17±19.34 17.17±15.30

FDS (oral phase) 35.37* 0.01 1.69

   NMES 7.75±4.86 5.92±4.06 4.50±3.89

   CST 8.33±5.45 6.83±4.91 3.83±3.67

FDS (pharyngeal phase) 30.36* 0.04 0.48

   NMES 23.58±13.09 20.58±13.94 15.08±10.99

   CST 21.83±13.62 20.33±14.49 13.33±11.43

ASHA NOMS 13.97* 0.06 0.65

   NMES 3.81±1.89 4.33±1.86 5.41±1.68

   CST 4.11±2.45 4.67±2.07 5.67±2.06

Values are presented as mean±standard deviation.
NEST, neuromuscular electrical stimulation; CST, conventional swallowing training; PAS, penetration-aspiration scale; 
FDS, functional dysphagia scale; ASHA NOMS, American Speech-Language-Hearing Association National Outcome 
Measurement System swallowing scale; T0, baseline; T1, 2 weeks after initiation of study; T2, 4 weeks after initiation of 
study.
*p<0.05 by repeated-measures ANOVA.

Table 5. Correlation between improvement in the total 
GRBAS score and swallowing function at 2 weeks

Coefficient p-value
Improvement of PAS 0.307 0.394

Improvement of FDS

   Total 0.456 0.086

   Oral phase 0.166 0.510

   Pharyngeal phase 0.520 0.027*

Improvement of ASHA NOMS –0.322 0.384

Values are Spearman’s rank correlation coefficients.
PAS, penetration-aspiration scale; FDS, functional dys-
phagia scale; ASHA NOMS, American Speech-Language-
Hearing Association National Outcome Measurement 
System swallowing scale.
*p<0.05.
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significantly changed. Actually, vocal fold instability is 
closely related to laryngeal muscle weakness, and many 
treatments can be applied for strengthening of such mus-
cles, among which laryngopharyngeal NMES has been 
vigorously researched in the clinical setting [6-8,10,11]. In 
the present study, the NMES group showed a significant 
group-by-time interaction with regard to jitter, which 
represents the frequency perturbation of vocal fold vibra-
tion. This finding is similar to those reported by Byeon 
[11]. Such a result, in fact, is supported by the following 
mechanism. As laryngopharyngeal NMES recovers the 
functions of the muscles that control vocal fold vibration, 
the strengthening of muscles attached to the hyoid bone, 
such as the mylohyoid and thyrohyoid muscles, induces 
an increase in laryngeal elevation and consequently im-
proves excessive quaver upon speaking [24,25].

For analysis of the physiologic pattern of an individual 
voice, not only acoustic but also aerodynamic evalua-
tion is required. The most commonly employed tool for 
aerodynamic evaluation, which provides laryngeal valv-
ing activity information, is the Aerophone II [26]. This in-
strument evaluates, indirectly and non-invasively, Psub, 
MFR, MPT, SPL, PR and PE as well as lung volumes and 
capacities, and is frequently utilized to analyze phonato-
ry-respiratory function and airflow patterns of the upper 
airway and voice [26-28]. In the present study, aerody-
namic evaluation using Aerophone II showed significant 
SPL improvement for the NMES group at 2 weeks. SPL is 
a key parameter that is controlled by vocal fold thickness, 
glottal configuration, vocal ligament and thyroarytenoid 
muscle tension as well as pulmonary driving pressure. 
The SPL improvement in this study was the effect of the 
laryngopharyngeal NMES; this fact suggests very strongly 
that by such treatment, vocal ligament and thyroaryte-
noid muscle tension are strengthened to improve glottal 
resistance [29].

The improvement of the total GRBAS scores at 2 weeks 
was positively correlated with those for the pharyngeal 
phase on the FDS at 2 weeks, but not at 4 weeks. The most 
plausible explanation is that the NMES is superior to CST 
in respect of suprahyoid muscle strengthening. Thus, 
the more improved is dysphonia, the more improved is 
swallowing function, especially in the pharyngeal phase 
including laryngeal elevation. However, the fact that the 
improvements in total GRBAS score and SPL were not 
maintained in the NMES group over time might be re-

lated either to the short duration of the treatment or to a 
weak treatment effect.

This study has several limitations. First, because laryn-
gopharyngeal NMES treatment is expensive, and given 
also that some patients experience physical discomfort 
when receiving it, patients with mild dysphagia on VFSS 
were denied the treatment, which made randomization 
of the study impossible. Second, as there was no available 
comparator group that had not received either NMES or 
CST, no assay on the improvement of phonation by natu-
ral recovery could be performed. As all of the subjects 
were acute or subacute patients who urgently required 
treatment for dysphagia, including a completely non-
treatment group in the study would not have been ethi-
cal. Third, during the study period, no voice training or 
compensational treatment to control for factors affecting 
voice change other than NMES and CST was conducted, 
but rather, both groups were only coached in swallowing; 
as such, not all of the factors affecting or potentially af-
fecting voice change were controlled. Fourth, for a more 
complete picture of the improvements observed, re-in-
nervation of the nerves and recovery of muscle function 
should have been checked by laryngeal electromyogra-
phy or computer tomography at the cervical level.

In conclusion, this study demonstrated the effect of 
laryngopharyngeal NMES therapy on phonation in a 
group of post-stroke and TBI patients who complained 
of dysphonia and underwent VFSS evaluation of their 
dysphagia. The results indicate that laryngopharyngeal 
NMES therapy had a positive effect on phonation in these 
patients. This effect can be accomplished by NMES to im-
prove vocal fold vibration/tension or restore the function 
of the muscles for laryngeal elevation or both. The results 
of this study suggest laryngopharyngeal NMES to be an 
additional treatment option for dysphonia accompanied 
by dysphagia after stroke and TBI. To clearly identify the 
anatomical cause-and-effect relationship of laryngo-
pharyngeal NMES with phonation, a large well-designed 
randomized trial coupled with laryngeal electromyogra-
phy or computed tomography at the cervical level might 
be required.
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Appendix 1. The grade, roughness, breathiness, asthenia, and strain scale

Description
Grade Overall quality or degree of hoarseness

Roughness Psychoacoustic impression of the irregularity of vocal fold vibrations

Breathiness Psychoacoustic impression of the extent of air leakage through the glottis

Asthenia Weakness or lack of power in the voice

Strain Psychoacoustic impression of hyperfunction state of phonation

Appendix 2. The functional dysphagia scale 

Factor Coded value Score
Lip closure Intact 0 10

Inadequate 5

None 10

Bolus formation Intact 0 6

Inadequate 3

None 6

Residue in oral cavity (%) None 0 6

≤10 2

10–50 4

≥50 6

Oral transit time (s) ≤1.5 0 6

>1.5 6

Triggering of pharyngeal swallow Normal 0 10

Delayed 10

Laryngeal elevation and epiglottic closure Normal 0 12

Reduced 12

Nasal penetration (%) None 0 12

≤10 4

10–50 8

≥50 12

Residue in valleculae (%) None 0 12

≤10 4

10–50 8

≥50 12

Residue in pyriform sinuses (%) None 0 12

≤10 4

10–50 8

≥50 12

Coating of pharyngeal wall after swallow No 0 10

Yes 10

Pharyngeal transit time (s) ≤1 0 4

>1 4

Total 100


