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ABSTRACT:

Introduction: People with speech disorders such as dysarthria and dysphonia have difficulty produc-
ing speech, which is often related to speech muscle dysfunction. Neuromuscular electrical stimulation
(NMES) can activate motor units and improve their tropism and functionality. Therefore, this system-
atic review aimed to evaluate the effects of NMES on the phonation, voice quality, intelligibility, speech
muscle strength, and quality of life of patients with dysarthria and dysphonia.

Methods: This systematic review was performed according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses guidelines. In September 2022, we seatched the EMBASE, Pub-
Med, and Cochrane databases for studies that evaluated the effect of NMES on dysarthria and dys-
phonia. Randomized controlled trials, observational studies, case series, and case reports wete included
in the search strategy. The risk of bias in each study was assessed using the ROBINS-I tool.

Results: This review included four studies designed as case studies or non-randomized trials with a
low risk of bias. NMES showed a positive effect on voice quality and phonation in patients with dys-
arthria and/or dysphonia. Repotted improvements included restored function of the muscles respon-
sible for laryngeal elevation, a reduction in voice breathiness and strain, and enhanced articulation.

Discussion: NMES seems to be a promising tool for the rehabilitation of patients with speech disor-
ders. Randomized clinical trials should be conducted to confirm these benefits.
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dysarthria; voice disorders; articulation disorders; dysphonia; phonation disorder; voice disturbance
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Introduction

People with speech disorders have difficulty pro-
ducing speech, which is often related to speech muscle
dysfunction. Dysarthria and dysphonia, among the
most prevalent speech disorders, result from various
pathologies, such as vocal fold paralysis, spasmodic
dysphonia, traumatic brain injury, post-surgical menin-
gioma, meningitis, stroke, and other neurologic dis-
eases (Sellars et al., 2005; Almeida et al., 2022). Patients
with these conditions face considerable barriers in
their activities and participation in social and civil life
(Wray et al., 2019; Brady et al., 2011). Therefore, im-
proving dysarthria and dysphonia is important for re-
habilitating affected patients.

Neuromuscular electrical stimulation (NMES)
involves intermittent peripheral nerve stimulation that
activates the motor units and improves their trophism
and functionality. Furthermore, it promotes modula-
tion of the sensorimotor cortex and spinal motor neu-
rons (Maffiuletti, 2010). Since the early 1960s, NMES
has been used to aid post-stroke recovery (Ijzerman et
al., 2009), and several studies have proven its benefits
in patients with post-stroke dysphagia (Oh et al., 2017,
Oh et al., 2020; Alamer et al., 2020; Park et al., 20106).
Since the muscles involved in dysphagia and those in-
volved in dysarthria/dysphonia show an ovetlap, it
seems reasonable to use NMES to improve speech dis-
orders. However, to date, there are no evidence-based
recommendations for NMES implementation in dys-
arthria/dysphonia rehabilitation.

This systematic review makes a novel contribu-
tion to the literature by evaluating the effects of NMES
on the phonation, voice quality, intelligibility, speech
muscle strength, and quality of life of patients with dys-
arthria and dysphonia and comparing these effects
with those of other speech therapies, in the short and
long term.

Materials and Methods

Study design

The Preferred Reporting Items for Systematic Re-
views and Meta-Analyses guidelines were followed in
this study (Page et al., 2021).

Search strategy

This is a systematic review of NMES for treating
patients with dysarthria and/or dysphonia. In Septem-
ber 2022, we systematically searched the electronic da-
tabases EMBASE, PubMed, and Cochrane for articles
published in English, Spanish, Portuguese, and Ger-
man using the search terms ("dysphonia’[MeSH'

Terms|” OR “Dysphonia OR ‘Hyperkinetic Dyspho-
nia’ OR ‘Neurologic Adducter Spastic Dysphonia” OR
‘Organic Tremor Dysphonia’ OR ‘Phonation Disor-
der®*” OR ‘Spastic Dysphonia™) OR (“dysat-
thrialMeSH Terms]” OR “(Dysarthria OR ‘Dys-
arthos® OR ‘Dysarthrias’ OR ‘Flaccid Dysarthria*’
OR ‘Guttural Dysarthria** OR ‘Mixed Dysarthria*’
OR ‘Scanning Dysarthria** OR ‘Spastic Dysarthria*™")
AND (“electric stimulation therapy[MeSH Terms]”
OR "Electric Stimulation Therapy’ OR ‘Electric*
Stimulation Therapy’ OR ‘Electrotherapy’ OR ‘Inter-
ferential Current Electrotherapy” OR  ‘Stimulation
Therapy, Electrical’ OR “Therapeutic Electric* Stimu-
lation” OR ‘NMES’ OR ‘Electrical stimulation*” OR
‘Neuromuscular stimulation™).

Eligibility criteria

We included studies that evaluated the effects of
NMES on dysarthria and dysphonia. The outcomes
were changes in quantitative or qualitative measure-
ments of phonation, voice quality, intelligibility, speech
muscle strength, and quality of life (for instance: as-
sessment of articulation, vowel distortion, hypernasal-
ity, loudness and pitch variation). We included ran-
domized controlled trials (RCTs), observational stud-
ies, case series, and case reports, published in the pre-
vious 10 years. We excluded studies on patients with
speech or language disorders other than dysarthria and
dysphonia, such as aphasia and speech apraxia. Those
involving transcutaneous electrical nerve stimulation
or deep brain stimulation were also excluded.

Study selection

The electronic database search was conducted by
one reviewer. After duplicates were removed, titles and
abstracts were independently evaluated by three re-
viewers based on the eligibility criteria. Thereafter,
eight reviewers screened the full text of each potential
article. Disagreements were settled through group dis-
cussion among the eight reviewers to reach a consen-
sus about each article.

Assessment of risk of bias in individual studies

Two reviewers independently assessed the risk of
bias for each of the four papers that were finally in-
cluded using the ROBINS-I tool for non-randomized
trials (Sterne et al., 2016).

Data exctraction and analysis
Articles found in the databases were exported to
the Rayyan Al platform. We followed the PICOS
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criteria for data extraction as follows: (P) Population,
adult patients with dysphonia and/or dysarthtia; (I) In-
tervention, NMES; (C) Comparison, any other treat-
ment, including placebo; (O) Outcome, changes in
quantitative or qualitative measurements of phonation,
voice quality, intelligibility, speech muscle strength,
and quality of life; (S) Studies, RCTs, observational
studies, case series and case reports.

Results

The systematic search yielded 542 articles, with
81 duplicated studies. After screening the titles and ab-
stracts, 15 papers remained. After reading the entire
papers, we excluded 11 articles for the following rea-
sons: patients with diagnoses other than dysar-
thria/dysphonia (n=5), interventions other than
NMES (n= 1), publication date outside the stipulated
time frame (n= 2), language other than those stipulated
(n=1), and conference abstracts (n=2). Finally, four ar-
ticles were included in this review (Figure 1). The de-
tails of the included studies are shown in Table 1. All
the included studies were classified as having a low risk
of bias according to the ROBINS-I guidelines (Sterne
et al,, 2010).

Studies identified from data
bases (N=542)

Embase (N=213)
PubMed (N=303)

Cochrane (N=26)

|—

Excluded: duplicate titles (N=81) ‘

Studies for review (N=461) ‘

N Excluded: studies not meeting

inclusion criteria (N=446)

‘ Full article reviewed (N=15) ‘

Excluded: studies not meeting
inclusion criteria (N=11)

|—

Studies included in
systematic review (N=4)

Figure 1. Preferred Reporting Items for Systematic Re-
views and Meta-Analyses flow diagram

Effect of NMES on voice guality

Ko et al. (2016) examined the impact of laryn-
gopharyngeal NMES therapy in patients with stroke or
traumatic brain injury who had speech disorder and
dysphagia. Eighteen patients were evaluated, of whom

only six received conventional swallowing training and
twelve received this training plus NMES. The authors
reported an improvement in vocal fold vibration/ten-
sion and restoration in the function of the muscles re-
sponsible for laryngeal elevation.

In a retrospective case study, Guzman et al.
(2014) reported positive effects of NMES therapy in
addition to traditional vocal exercises on the voice
quality of two female patients with superior laryngeal
nerve weakness. With the addition of NMES, a signif-
icant improvement in voice breaking and vocal range,
a dectrease in voice breathiness, and an increase in
voice resonation could be attained.

Safi et al. (2018) included two patients with
mildly to moderately dysarthric speech after a cerebro-
vascular accident in a study with a single-subject design
that involved a combination of oral motor exercise
with NMES. Submental NMES showed no effect on
lingual strength, but facial NMES led to an improve-
ment of labial strength in both patients; this can ulti-
mately contribute to an improvement in voice quality,
considering the complexity and involvement of differ-
ent muscles for speech production.

Furthermore, NMES showed promising results
in one patient with severe dysarthria. Berenati et al.
(2021) describe the strengthening of muscle contrac-
tions and improvement in vocal strain in an 18-year-
old with severe speech impairment after post-anoxic
brain injury.

Effects of NMES on phonation

Ko et al. (2016) report positive effects on phona-
tion after 2 and 4 weeks of NMES therapy in patients
with stroke. Additionally, Guzman et al. (2014) de-
scribe an improvement in soft phonation index values
after 17 and 8 sessions with NMES, respectively.

Furthermore, as reported by Berenati et al
(2021), NMES can improve articulation and hyper-
nasality, contributing to improved phonation. The pa-
tient presented in the case study by Berenati et al.
(2021) was unable to perform conventional speech
therapy due to his impaired cognitive abilities. Conse-
quently, his dysarthria severity was reduced solely
through NMES therapy. These findings are especially
remarkable in light of the reported increased amplitude
of the patient’s trigeminal-facial reflex responses,
which can be attributed to the induction of neuro-
plastic changes in the sensorimotor areas responsible
for articulatory functions.
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Effect of NMES on quality of life

Dysarthria and dysphonia impact patients’ social
life and well-being, and affect patients face restrictions
in daily activities that require the use of their voice. In
addition to the impact on patients’ communicative
quality of life, other aspects, such as psychological or
social domains, may be impacted (Ma & Yiu, 2001).
Despite this, Guzman et al. (2014), Ko et al. (2010),
and Safi et al. (2018) acknowledge that this patient
group can have a significantly decreased quality of life;
however, none of the studies included in this review
investigated this knowledge gap further.

Discussion

Laryngeal muscle weakness can result in vocal
fold instability. Acoustic evaluations reveal that pa-
tients with stroke-related dysarthria have significant
differences in frequency, jitter, shimmer, and noise-to-
harmonic ratio compared with those of neurologically
healthy controls (Wang et al., 2010). As a result, treat-
ments that strengthen these muscles seem to be prom-
ising for improving speech disorders.

Laryngopharyngeal NMES can restore the func-
tion of muscles controlling vocal fold vibration, which
can strengthen the muscles attached to the hyoid bone
(namely, the mylohyoid and thyrohyoid muscles) and
increase laryngeal elevation. Consequently, excessive
quavering during speech can be reduced. Furthermore,
NMES can improve the sound pressure level by
strengthening vocal ligament and thyroarytenoid mus-
cle tension, thereby increasing glottal resistance
(McHenry & Reich, 1985).

Despite the possible benefits, we would like to
highlight some limitations of the present studies. None
of them was a RCT, thus the patients were not blinded,
and the sample size was small. The maximum duration
of NMES treatment was 4 weeks and maybe this might
be too short to generate a significant and lasting effect
(especially if we consider that an improvement in mus-
cle function or neuromodulation is proportional to the
frequency of the stimuli). In addition, 3 of the 4 studies
did not include a comparison group.

Conclusions

In conclusion, NMES may be an effective and
promising tool for the rehabilitation of patients with
speech disorders. The limited number of studies re-
garding its use for treating dysphonia and dysarthria in
adults did not allow us to perform a meta-analysis and
obtain statistically significant results supporting the

benefit of the use of electrical stimulation in these pa-
tients.

To the best of our knowledge, no RCT's investi-
gated this topic up to date. Nevertheless, to confirm
the benefits of NMES in the treatment of dysphonia
and dysarthria and to further explore the findings pre-
sented in this systematic review, conducting an RCT
would be highly beneficial.

None of the present studies has evaluated the pa-
tients in the medium to long term, and thus the dura-
tion of the effects of NMES is not yet clear. We sug-
gest this assessment in future studies. Furthermore, we
encourage the evaluation of quality of life to highlight
the benefits of NMES therapy. This could broaden the
understanding of the effects of NMES on dysphonia
and dysarthria and its impact on the patient’s social life
and well-being.
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