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1 | INTRODUCTION

Dysphonia may have several causes, including laryngectomy for laryn-
geal cancer, laryngeal-tracheal separation for severe dysphagia, and
ventilator management due to decreased respiration caused by

| Haruka Tohara DDS, PhD?

Abstract

Obijective: Patients lose their voice after laryngectomy for laryngeal cancer or aspira-
tion prevention surgery for severe dysphagia. To assist such patients, we developed
and verified the utility of a novel vocalization method using a device termed the
voice retriever (VR), in which the sound source is placed in the mouth.

Methods: We investigated the effectiveness of the VR in patients. The VR consists
of a mouthpiece with a built-in speaker and a dedicated application that serves as the
sound source. We compared the speech intelligibility and naturalness in normal par-
ticipants using VR and an electrolarynx (EL) for the first time as well as the voice-
related quality of life (V-RQOL) in patients with dysphonia before and after using
the VR.

Results: The VR produced significantly higher 100-syllable test scores as well as flu-
ency, amount of additional noise, intonation, intelligibility and overall long reading
test ratings in the first-time VR and EL users. Furthermore, the VR use significantly
improved the V-RQOL of participants with dysphonia.

Conclusion: Compared to EL, VR allows more effective speech improvement in par-
ticipants without experience using an alternative vocalization method and improves
the V-RQOL in patients with dysphonia.

Level of Evidence: Step 4.
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neurodegenerative diseases such as amyotrophic lateral sclerosis
(ALS). Among patients diagnosed with laryngeal cancer, 54% lose their
voice after total laryngectomy.® In Japan, 20% of patients with ALS
are on tracheostomy positive-pressure ventilation,? which has a direct
and major effect on their quality of life.® Currently, an electrolarynx
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(EL) is the most widely used alternative vocalization method for
patients who have lost their voice.*

An EL is a hand-held machine with a vibrating tip, which when
pressed against the neck vibrates the air in the pharynx through the
skin to enable articulation.® Despite their widespread use, EL devices
are associated with numerous problems, including the location of the
sound source outside the body. As a result, the vibrating sound made
by the EL is directly heard by the listener. Additionally, training is
required to correctly position the EL and an EL cannot be used if a
patient has trouble using both hands.® Furthermore, if the skin of the
neck is hardened by radiotherapy, vibrations are not adequately trans-
mitted to the pharynx, making the device unusable.”

Esophageal speech involves training a patient to first collect air in
the stomach and lower esophagus. The air is then propelled to the
upper part of the esophagus and pharynx, where it causes the walls to
vibrate, thereby producing sound. This sound is articulated in the
mouth to generate intelligible speech. The challenges associated with
this technique of voice production are as follows: (1) long periods of
training for patients to master; (2) difficulty in learning the method;
and (3) the maximum phonation time is relatively short, and it is inter-
rupted by the process of gathering more air for the upcoming sound.
However, this method does not require the use of hands or battery-
powered devices, and with adequate training, patients can produce
short bursts of intelligible speech.”

To solve the aforementioned problems, it is useful to place the
sound source inside the pharynx rather than on the neck to improve
the ease of device operation. Talking modulator is an effector used in
the song “Sweet Emotion” by the rock band “Aerosmith.” The device
changes the sounds made by an electric guitar by guiding them
through a tube to the mouth. Inspired by the talking modulator, we
developed a novel intraoral voice assistance device called the voice
retriever (VR), in which the sound source is placed on the palate.

We hypothesized that the performance of VR would be similar to
that of EL and that the VR would considerably improve the voice-
related quality of life (V-RQOL)® of patients with dysphonia. Herein,
we describe our newly developed VR. The aim of this study was to
verify the usefulness of VR by (1) comparing speech intelligibility and
naturalness of normal participants using a VR and EL for the first time
and (2) comparing the V-RQOL of patients with dysphonia before and
after VR use.

2 | MATERIALS AND METHODS

2.1 | Experimental design

This study consisted of two trials: a comparative analysis of the func-
tionality of the EL and VR in healthy adults (Trial 1) and a comparative
analysis of the V-RQOL before and after VR use among patients with
dysphonia (Trial 2). Written informed consent was obtained from all par-
ticipants. This study was approved by the Ethics Review Committee of
the School of Dentistry at Tokyo Medical and Dental University (Ethics
approval number: D2020-071; UMIN study ID: UMINO00045151).

FIGURE 1 Structure of the voice retriever (VR).

FIGURE 2  Wiring runs through the oral vestibule from the most
distal posterior molar to the corner of the mouth.

2.2 | Voice retriever

The VR device consists of a mouthpiece with built-in speakers and
dedicated application that serves as a sound source. Before obtaining
an impression of the maxilla, an initial intraoral examination of the par-
ticipants was conducted by a dentist to check for the presence of
upset teeth and a strong strangulation reflex.

To create the VR, a speaker (23 x 16 x 4.6 mm®) was placed at
the center of the palate on a plaster model (Figure 1), with wiring
embedded in Ortho-fast (GC, Tokyo, Japan), which is a cold-curing
resin, to facilitate its passage through the oral vestibule from the most
distal posterior molar to the corner of mouth (Figure 2). A hard cap-
ture sheet (Shofu, Tokyo, Japan) of diameter 1 mm was produced by
suction shaping using an Erkoform 3D Plus (ERKODENT, Pfalzgrafen-
weiler, Germany) device.

The original sound output from the mouthpiece speaker was gen-

erated using a software synthesizer called “Laryngeal Original Sound
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»? which was developed for a dedicated VR appli-

Generation Module,
cation (Crimson Technology Inc., Tokyo, Japan). The software pro-
cesses signals to generate a waveform simulating original laryngeal
sounds derived from vocal fold vibrations. The software synthesizer
processes the signal to generate a waveform that modulates original
laryngeal sounds from vocal cord vibrations. Finally, the participants
tap an smart phone screen, which causes sounds to emanate from the

speaker on the mouthpiece, enabling vocalization.

23 | Triall

2.3.1 | Participants

The trial participants included healthy volunteers of both sexes, aged
>20 years and lacked experience with EL use. The participants were
recruited from June 2022 to January 2023. The exclusion criteria
were as follows: difficulty obtaining mouthpiece impressions because
of strong tooth movement, mouth opening disorder or strangulation
reflex, and previous use of VR or EL.

Regarding sample size, in a previous study,® the mean * standard
deviation (SD) of intelligibility of tracheoesophageal speech (with tra-
cheoesophageal puncture incorporating an inserted silicone valved pros-
thesis)'* and esophageal speech was 92.27 + 6.12 and 96.58 + 0.05,
respectively. Assuming that the effects of the intervention in this study
would be similar to those previously reported, the sample size was cal-
culated as follows: 28 x 2 = 56 participants, with an effect size of 0.72
for between-group comparisons via a paired t-test using G power
(Version 3.1.9.6; Kiel University, Kiel, Germany). As a result, 33 partici-
pants were recruited after adjusting for a dropout rate of 20%.

2.3.2 | Experimental methodology

The participants were instructed on how to use the EL (YOURTONE;
DENSEI COMTEC Inc., Hokkaido, Japan) and VR. They were asked to
hold their breath while speaking to (1) prevent phonation and air flow
unachievable by laryngectomees and (2) approximate the acoustic
effects caused by anatomical changes after laryngectomy.'? Subse-
quently, they performed a 100-syllable test*® in Japanese and long
reading test of “The North Wind and the Sun”'* using each device for
subjective evaluation. Measurements were taken in a soundproof
room. Before these tests, the participants were asked to read “The
North Wind and the Sun” written in Japanese once using each device
for practice. The first 15 participants used the EL first, whereas the
other 15 used the VR first. The readings of “The North Wind and
Sun” and the 100-syllable test were recorded with a Zoom H1n voice
recorder (ZOOM CORPORATION, Tokyo, Japan). The recorder was
placed at face level. The recordings were evaluated by five raters who
were uninformed to the device used during the specific reading. The
evaluators were native Japanese-speaking undergraduate students

who were not experts in listening comprehension tests.

When conducting the 100-syllable Japanese speech intelligibility
test, the participants were asked to randomly read 100 Japanese
monosyllables while being recorded. Five raters listened to the record-
ings and evaluated speech intelligibility as the percentage of syllables
correctly heard out of the 100 monosyllables. The average score of
the five raters was analyzed.

Subjective evaluation of a long passage called “The North Wind
and the Sun,” was also performed. Five raters listened to the record-
ings and rated them according to the visual analog scale® based on
tonicity, fluency, voice onset, amount of additional noise intonation

tempo intelligibility and overall impression.'®

24 | Trial 2

241 | Participants

The participants were recruited from July 2021 to November
2022. The participants included those who were unable to speak,
including those who had undergone total laryngectomy and those
without clear impairment of oral organs such as the tongue and
lips. The exclusion criteria were as follows: difficulty following
instructions due to severe dementia, significantly agitated teeth,
difficulty taking oral impressions because of a mouth opening dis-
order, a strong strangulation reflex, and difficulty wearing a
mouthpiece.

Regarding the sample size, a previous study® found that the mean
(SD) V-RQOL values obtained using two different vocalization
methods were 76.5 + 15.9 and 53.5 * 24.3, respectively. Assuming
similar pre- and post-intervention effects in this study and a correla-
tion coefficient of 0.6 between pre- and post-intervention V-RQOL,
the sample size was calculated as n = 8 based on a corresponding
t-test.

24.2 | Experimental methodology

The participants were fitted with a VR by a dentist at an outpatient
clinic of the Department of Dysphagia Rehabilitation, Tokyo Medical
and Dental University Hospital or at the participant's home. Specific
procedures included maxilla impressions as well as V-RQOL evalua-
tion before and 1-3 months after VR fitting.

243 | Measures

V-RQOL is used to assess the effect of dysphonia on a participant's
QOL. A 5-point Likert scale was used to answer 10 items classified
into two domains as follows: social-emotional (items 4, 5, 8, and 10)
and physical functioning (items 1, 2, 3, 6, 7, and 9). The total V-RQOL
score ranges from O to 100, with a higher score indicating a good
V-RQOL.
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2.5 | Statistics

In Trial 1, a paired t-test was used to analyze the measured numerical
values related to EL and VR use. In Trial 2, the V-RQOL values before
and after VR use were compared using a paired Wilcoxon test. Statis-
tical significance was set at p < 0.05. Given the small number of par-
ticipants in this study and difficulty in confirming the normality of the
distribution, a sensitivity analysis was performed using Wilcoxon test.
The statistical analyses were performed using IBM SPSS for Windows,
Version 28.0 (IBM Japan, Tokyo, Japan).

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional
and/or national research committee and the tenets of the 1964 Hel-
sinki Declaration and its later amendments or comparable ethical stan-
dards. Written informed consent was obtained from all participants or

their legal representatives.

3 | RESULTS

31 | Triall

We included 33 participants (12 male and 21 female participants);
among them, three dropped out because of a strangulation reflex. The
mean age of the included participants was 31.56 + 6.84 (age range:
23-49) years. Between-group comparisons of the 100-syllable and
subjective evaluation of long reading tests differed based on speech,
comprehension, noise level, and overall impression of VR use
(Table 1).

32 | Trial2

Trial 2 included eight participants (7 male participants and 1 female

participant), with a mean age of 77.1+5.15years (Table 2). All

TABLE 1 Comparison of voice retriever (VR) and electrolarynx
(EL) use in healthy adults.

VR EL p-value
100-syllables test 14.6(3.28) 12.8(2.93) <.001*
Subjective evaluation
Tonicity 2.58(0.97) 2.43(1.02) 427
Fluency 5.26(0.98 4.60(1.34) .03*
Voice onset 4.23(1.23) 3.17(1.45) 0.003*
Amount of additional noise 4.34(1.22) 2.96(1.18) <0.001*
Intonation 3.23(1.11) 2.26(1.04) <0.001*
Tempo 6.42(1.11) 5.54(1.94) 0.055
Intelligibility 5.01(1.19) 4.04(1.68) 0.006*
Overall Impression 5.20(1.00) 4.16(1.45) 0.001*

Note: Mean (SD).
Abbreviations: EL, electrolarynx; VR, voice retriever.

participants used VR until the second trial, and no one dropped out.
Among the eight participants, six independently performed ADL,
whereas two were on ventilators and had difficulty walking indepen-
dently; among them, one required total assistance (Table 2). The study
findings indicated that V-RQOL after more than 1 month of VR use
was significantly better than that before VR use (p = .028).

4 | DISCUSSION

This study demonstrated that the VR allows better speech produc-
tion than an EL in healthy participants who were using an alterna-
tive vocalization method for the first time. Moreover, it showed that
VR use significantly improves the V-RQOL of patients with
dysphonia.

Several anatomical requirements are required to achieve natural
articulation while placing the sound source in the oral cavity. First, the
sound has to be radiated toward the posterior part of the mouth to
produce a voiceless velar stop. Additionally, as the anterior teeth and
palatal folds are important sites for the articulation of the “t” and “s”
sounds, the mouthpiece was designed to be clipped on, covering only
the molars. Accordingly, because the retention of the device is depen-
dent on teeth, the oral condition affects adaptation conditions. Our
participants had sufficient occlusal support for the molars. For individ-
uals with many missing teeth, it will be necessary to fabricate den-
tures before VR fitting. Therefore, it is desirable for dentists to make
and adjust this device.

Here, among healthy individuals who had never used a VR or EL,
factors that led to significant between-device differences in the
100-syllable test included the simplicity of VR operation and the fact
that the sound source of the VR was located inside the body. While
an EL vibrates air in the pharynx from outside the body, the VR
vibrates the air directly in the oral cavity, resulting in less noise. Fur-
thermore, subjective evaluation showed significantly higher values for
the VR except with regard to tonicity and tempo, suggesting that the
low noise involved in VR contributed to the results.

Our findings demonstrated that V-RQOL was significantly
improved by the use of the VR. The dysphonia in the eight patients in
Trial 2 was caused by total laryngectomy due to laryngeal cancer (six
patients) and tracheostomy and aspiration prevention surgery due to
neurodegenerative diseases such as ALS (two patients). None of the
patients had established effective substitute speech before VR use.
Notably, the patient with ALS had difficulty pressing the EL against
their neck because of upper extremity muscle weakness. Patients with
postoperative laryngeal cancer had not acquired alternative vocaliza-
tion because of difficulty in using EL due to radiotherapy® or discom-
fort with the high noise level of the EL.Y”

An advantage of VR over EL is its ease of learning; VR does not
require the movement of holding the EL in the hand and pressing it
against the neck (Figure 3), which is a hinderance in learning EL, and
the sound can be produced in the oral cavity placing the mouthpiece.
Therefore, VR use is easier to learn than EL use, especially for begin-

ners, and is considered more stable for vocalization.
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TABLE 2 Participant characteristics and V-RQOL.

ID Age Sex Note

1 73 M Hypopharyngeal cancer

2 84 F Hypopharyngeal cancer

3 82 M Hypopharyngeal cancer

4 82 M Hypopharyngeal cancer

5 68 M Invasive ventilation due to ALS  Full assistance
6 78 M Hypopharyngeal cancer

7 73 M Hypopharyngeal cancer

8 77 M Invasive ventilation due to ALS

Note: *Mean (SD).

Acquisition status of alternative vocalization

V-RQOL

Before  After

Because of dissatisfaction with the sound quality of EL 0 47.5
Due to failure to use EL well. 7.5 17.5
Hadn't tried anything yet. 12.5 97.5
Due to failure to use EL well. 15 75

Unable to use EL due to muscle weakness 75 725
Due to failure to use EL well. 35 72.5
Due to failure to use EL well. 325 325
Unable to use EL due to muscle weakness 30 70

Abbreviations: ALS, amyotrophic lateral sclerosis; EL, electrolarynx; V-RQOL, voice related QOL.

FIGURE 3 How to use EL for healthy people.

A disadvantage of VR is that the thickness of the mouth-
piece inhibits tongue movement; some people might drop out
because of the strangulation reflex. Moreover, the saliva drips
from the corners of the mouth because the mouthpiece is cur-
rently wired.

This study has several limitations. First, the outcomes assessed
only included the V-RQOL, which is a subjective assessment com-
pleted by the patients, with objective items assessed. Furthermore,
the participants with dysphonia do not have a single primary dis-
ease, with laryngeal cancer and ALS being the primary causes.
Therefore, larger, disease-specific intervention studies are required
to validate the utility of VR use. Despite these limitations, this study
provides useful findings for both clinicians and patients with dys-
phonia. For individuals without experience in using any alternative
vocalization methods, the VR can facilitate the production of better
speech than EL. Additionally, as it is simpler than alternative articu-
lation methods, the VR can be effectively used, even by patients
with poor manual dexterity. Therefore, the VR may be a new option

for patients requiring an alternative to existing vocalization methods
such as the EL.

5 | CONCLUSIONS

We developed a novel intraoral speech aid that facilitated better
speech production than EL in healthy participants without experience.
Furthermore, the VR significantly improved the V-RQOL of patients
with dysphonia. In the future, long-term intervention studies should
be conducted among patients with the same disease to further inves-
tigate whether the VR differs from alternative vocalization methods
among patients with specific diseases and to identify patient groups
in which VR is highly effective.
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