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ABSTRACT

Spasmodic dysphonia (SD) is a debilitating condition characterized by involuntary closure of the vocal folds, leading to
strained and choked speech. Current treatment options have limitations and require repeated interventions. However, recent
studies have shown that high-frequency peripheral somatosensory stimulation is able to modulate neuronal discharge at
the somatomotor cortical level and positively influence motor output and therefore SD symptoms. This study investigates
the potential of laryngeal vibrotactile stimulation (VTS) as a non-invasive treatment for SD. A custom device was used
to apply high-frequency vibrations to the larynx of three female patients with adductor-type SD. The patients underwent
VTS treatment once a day for four weeks. Four parameters were used to assess vocal quality: Acoustic Voice Quality Index
(AVQI), Cepstral Peak Prominence Smoothed (CPPS), number of voice interruptions (Voice Breaks), and perceptual evaluation
using the GIRBAS scale. The results showed improvements in all parameters following VTS treatment, indicating enhanced
phonatory function quality and speech stability. These findings highlight the potential of VTS to alleviate symptoms in

individuals diagnosed with adductor-type SD.

INTRODUCTION

Spasmodic dysphonia (SD) is a type of focal dysto-
nia that affects the larynx and results in disrupted,
strained and/or choked speech and voice brea-
ks caused by involuntary movements (spasms) of
the laryngeal muscles during phonation (Ludlow,
2011). SD is more prevalent in women, with a 4:1
ratio, and typically develops around the age of 40
(Blitzer, 2018). There are two main forms of SD:
adductor (ADSD), which is characterized by invo-
luntary closure of the vocal folds, and abductor
(ABSD), which is characterized by excessive ope-
ning of the vocal folds.

The exact etiology of the disorder, including po-
tential genetic causes, is still unknown. However,
it is widely hypothesized that the condition arises
from a complex interplay of neurological, genetic,
and environmental factors (Hintze, 2017). Further-
more, the pathophysiology of the disorder invol-
ves profound functional and structural alterations
occurring on a broad scale within the basal gan-
glia-thalamo-cortical circuitry, brainstem, and ce-
rebellum (Simonyan & Ludlow, 2010; Simonyan et
al,, 2021). The preferred treatment for SD is botu-
linum toxin injections (BoNT), which provide tem-
porary relief of symptoms. However, this treatment
is hampered by its ineffectiveness in nearly 40% of
patients (Richardson et al, 2017) and intoleran-
ce by some individuals (Ludlow, 2009). Moreover,
these injections impose a psychological burden on

patients, and in some cases, a financial burden as
well, since they necessitate repetitive administra-
tion every 3-4 months throughout the patient’s
lifetime.

Functional neuroimaging studies conducted on
patients with SD have demonstrated an increased
level of central activation in the laryngeal soma-
tosensory cortex during phonation, indicating the
presence of various types of somatosensory ano-
malies that may contribute to the pathogenesis of
SD (Simonyan & Ludlow, 2010). Research indicates
that the sensory basis for the laryngeal adductor
response is reliant on the stimulation of mecha-
noreceptors in the laryngeal mucosa (Loucks et al.,
2005). Furthermore, recent studies have demon-
strated how high-frequency peripheral somatosen-
sory vibro-tactile stimulation (VTS) applied over
the larynx can modulate neuronal firing in the so-
matomotor cortex and positively influence motor
output, mitigating the symptoms of SD (Khosra-
vani et al,, 2019). This introduces promising the-
rapeutic possibilities and lays the foundation for
a novel, non-invasive, and continuous treatment
modality for SD.

The current study aimed to investigate the potential
of vibrotactile stimulation (VTS) as a non-invasive
treatment for adductor-type spasmodic dysphonia.
Our objectives were two-fold: first, to assess the
efficacy of laryngeal VTS using a novel device in
a sample of SD patients, and second, to analyze
the impact of VTS on vocal quality by examining
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four parameters - AVQI, CPPS, Voice Breaks, and
the perceptual evaluation of voice quality using the
GIRBAS scale.

MATERIALS AND METHODS

High frequency (10-200hz) vibration applied tran-
sversely through the skin is sufficient to stimulate
the mechanoreceptors and muscle spindles that af-
fect motor behavior (Cordo, 1995; Manhan, 2019).
A device was specifically designed and assembled
for the application of VTS at the laryngeal level
(Figure 1).

This device comprises two cylindrical encapsulated
vibration motors, which are capable of producing
vibrations at a frequency of 100Hz (Model 307-
100, PicoVibe, Precision Microdrives Ltd., London,
UK; diameter: 8.8 mm, length 25 mm), connected
to an on/off switch portable battery case and powe-
red by two 1.5V rechargeable AA batteries.

Figure 1- The device built for this study

The vibrating motor model was selected based on
its suitability for the specific application and be-
cause it had been previously used in a similar fea-
sibility study on laryngeal vibrotactile stimulation
(Khosravani, 2019).

To test the effects of VTS, a preliminary study was
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conducted on 3 female patients with adductor-type
SD (ADSD), with a mean age of 58 years. None of
the patients enrolled in the study had received any
BoNT injections in the 6 months prior to the expe-
rimental study. Before starting the protocol, parti-
cipants provided written informed consent. Parti-
cipants performed the treatment directly at their
own domicile. Prior to the treatment, each patient
attended a meeting with the speech therapist to re-
ceive the necessary devices and instructions for the
proper execution of the laryngeal VTS.

The protocol involved the application of laryngeal
vibration once a day, for a duration of 20 minutes,
for a period of 4 weeks. Patients were required to
attend a weekly speech therapy visit to also receive
treatment under supervision and provide pre-tre-
atment and post-treatment voice samples for eva-
luation of the effects of the experimental therapy.

The vocal quality was evaluated during the weekly
speech therapy visit by recording two phonetically
balanced phrases from the Italian version of the
CAPE-V and a sustained /a/ sound, both before
and after the VTS treatment.

Four parameters were used to evaluate vocal qua-
lity: AVQI (Acoustic Voice Quality Index), CPPS
(Cepstral Peak Prominence Smoothed), number of
voice interruptions (Voice Breaks), and perceptual
evaluation of voice using the Instability index of
the GIRBAS scale.

The AVQI is a composite index that combines va-
rious acoustic markers into a single measure that
correlates with the overall severity of dysphonia
(Maryn & Weenink, 2015).

The CPPS parameter has been shown to be cor-
related with both the degree of vocal harmony in
the sample and the perceived severity of dysphonic
vocal symptoms (Watts et al., 2019); greater values
of CPPS are indicative of a higher degree of vocal
harmony and improved phonatory function quality.
The AVQI and CPPS values were derived via PRA-
AT software, while vocal breaks were identified by
the speech-language pathologist and the GIRBAS
was evaluated by speech therapist and phoniatrist
in a double-blind manner.

Figure 2 — A values for each patient between pre-treatment and post-treatment
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AAVQI POST | ACPPS POST | AVB POST | Al POST
DS1 -0,75 0,98 -2,50 -1,00
DS2 -0,27 0,28 -0,75 -0,25
DS3 -0,49 0,41 -2,75 -0,75

Table 1 — Mean A values for each patient between pre-treatment and post-treatment

RESULTS

At the end of the 4-week protocol, the delta (A) va-
riation between pre-treatment and post-treatment
phonatory values was calculated for each analyzed
parameter (AVQI, CPPS, VB, and 1), and the avera-
ge delta was determined for each patient, facilita-
ting a more direct comparison (Table 1).

The analysis of the data revealed significant impro-
vements in all phonatory parameters following the
VTS treatment. The AVQI scores showed a mean
improvement of -0.50 (AAVQI POST) across the
three patients, indicating an enhancement in ove-
rall vocal quality. Similarly, the CPPS values increa-
sed by an average of 0.56 (ACPPS POST), reflecting
improved phonatory function quality and vocal
harmony. Furthermore, the number of voice inter-
ruptions (Voice Breaks) decreased by -1.67 (AVB
POST) on average, indicating a reduction in di-
srupted speech patterns. The perceptual evaluation
of voice using the GIRBAS scale also demonstrated
a mean improvement of -0.67 (Al POST), sugge-
sting an enhanced perceptual voice quality.
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