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Abstract
Objectives: To assess the voice handicap, the satisfaction with today’s voice assisting methods and to identify the needs that should be
addressed by new vocal assistive technologies for aphonic patients.
Materials and Methods: We conducted a prospective study on two samples of patients with total laryngectomy and submitted to speech
therapy. Voice Handicap Index (VHI) questionnaires and qualitative (focus-groups) and quantitative (online surveys) methods were
used.
Results: Analysis of the VHI total revealed that the esophageal and electrolarynx speakers had a moderate voice handicap, while
tracheoesophageal speakers and patients without vocal rehabilitation had a severe handicap. Interview and survey data indicated that
these patients have many needs which are unmet by available rehabilitation methods.
Conclusions: These results point out the necessity to improve current vocal assistive methods and to develop better technologies that
could increase the quality of life of this patients.
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I.

INTRODUCTION

Patients who underwent total laryngectomy (surgical removal of the larynx) suffer from loss of voice, associated with a
permanent tracheostomy that compromise their quality of life (QOL) [1]. The psychological consequences of this debilitating
condition are related to anxiety, depression, hopelessness and passivity [2]. Loss of voice, altered swallowing and a permanent
tracheostomy, have a profound effect on the patient's physical and psychological rehabilitation [3], [4]. When people lose their
voice they can use devices that allow them to speak again; but these devices have a limited number of "identities" and may
have a negative psychological impact on them [5]. Voice restorations may be obtained with any of three methods including
esophageal speech (ES), voice prosthesis (TEP) and electrolarynx (EL) [6]. Studies show that patients who underwent total
laryngectomy refuse, avoid or fail to use today’s vocal assistive methods (Voice prostheses or Electro-larynx) to communicate
with family and other members of society. Voice rehabilitation is one of the most difficult challenges that laryngectomized
patients must overcome. The project “Mobile System for Rehabilitative Vocal assistance of patients with Surgical Aphonia”
(acronym SWARA, which means "voice" in Javanese, the language spoken in Indonesia) aims to develop a new system for
assisting these patients. The main purpose of this voice assistive device is to help patients with aphonia after surgery, to

communicate with others without the fear of being rejected or poorly-understood. This goal will be carried through a new
interface involving
smartphone technology which will synthetize an improved and customizable artificial and voice. Integration with mobile voice
synthesis was carried out already. Many research groups have contributed to progress in speech synthesis [7], [8], [9]. Also,
Patel developed the project called VocaliD, which offered the possibility to synthetize personalized voices for those unable to
speak [10].
We have carried out a prospective study to assess the voice handicap and the satisfaction of patients with today’s voice
assisting methods and to identify the needs or requirements that should be addressed by a new vocal assistive technology for
aphonic patients after total laryngectomy with or without vocal rehabilitation. Despite the progress made in vocal assistive
technology, the quality of life in these patients is significantly affected [11], [12] and thus further improvements are still
needed. Such results emerge from both qualitative and quantitative methodologies [13], that we also used for the current
research study.
II.

MATERIALS AND METHODS

A prospective study was carried out on 2 samples during 2013 and 2014, at the Ear, Nose and Throat Department of the
Emergency County Hospital of Cluj-Napoca and the Department of Clinical Psychology and Psychotherapy, Babes-Bolyai
University. We included patients with total laryngectomy, part of them being submitted to speech therapy: esophageal speech
(ES), electrolarynx (EL) and tracheoesophageal voice prosthesis (TEP), for rehabilitation of alaryngeal communication.
Sample 1: Comprised of 65 patients with total laryngectomy and a part of them were submitted to oncological treatment
(adjuvant radiotherapy, adjuvant chemotherapy and adjuvant concomitant chemoradiotherapy). This sample included 62 males
and 3 women, with a median age of 59.15 years.
Sample 2: Comprised of 24 patients with total laryngectomy from the first sample who were available and agreed to
participate to an interview or focus group or to complete an online survey focused on their needs and requirements regarding
vocal assistive methods. They were in the similar age range as sample 1 and included only male participants.
We evaluated voice handicap with the Voice Handicap Index (VHI) questionnaires for the first group. VHI is a 30-item selfadministered questionnaire on voice-related aspects. The statements represent three sub-domains functional, physical and
emotional aspects of the voice handicap [14]. In the second group both qualitative (in-depth interviews, focus-groups) and
quantitative (online surveys) methods was used to gather information. Patients from the second group were interviewed and
surveyed by a team of psychologists from Department of Clinical Psychology and Psychotherapy, Babes-Bolyai University.
This investigation targeted to identify how satisfied the patients are with the current vocal assistive method (if they are using
one), what are the main problems that they are confronted with, and what improvements they are expecting form a new
generation of assistive technologies. The answer to these inquiries were addressed in three steps: 1) in depth interviews to
identify the main problems and the most stringent requirements (3 patients); 2) several focus group to expand the knowledge
base and explore additional issues that should be targeted (11 patients); 3) an online survey using standardized questions meant
to verify that the key needs and requirements are replicable on other patients than those that participated in face to face
interviews and focus groups (10 patients). Additional data coming from caregivers (family members) was collected through
focus groups and survey but was not reported here. The interview had only open questions meant to explore and understand
patient’s situations. The focus groups were conducted in small group (5-8 participants) and included both open questions, as
well as closed answer questions and individual ratings related to their current satisfaction with available assistive methods and
possible improvements that they are expecting. The online survey comprised almost exclusively standardized questions with
closed answers and rating scales.

Figure 1. Analysis of the Total VHI. A low score reflects a moderate VHI, and a severe voice handicap is reflected by a total VHI score from 61.

Patients participated to individual or group discussions or filled online survey. All participants signed an informed consent
form. Statistical analyses were performed using Microsoft Excel and IBM SPSS software (version 22.0).

III.

RESULTS

From the 65 patients in sample 1 submitted to total laryngectomy, 24 presented no oral communication and 41
communicated with alaryngeal phonation: in 14 of them, voice rehabilitation was obtained with a voice prosthesis device, in 17
of them, learned esophageal voice, in 18 of them, with electrolarynx voice. The time since surgery until completion of the
questionnaire was: between 1 month and more than 5 years.
Analysis of the VHI total revealed that the esophageal speakers group and electrolarynx speakers had a moderate voice
handicap (51.20 mean score versus 55.64 mean score), and TE speakers and patients without vocal rehabilitation had a severe
handicap (63.38/69.25 mean score). We found statistically significant differences between the esophageal speakers group and
the group without rehabilitation, with a better score on the subscale of VHI functional mean score (19.70 mean score) for the
ES group as compared with (27.54 mean score) for the patients without vocal rehabilitation, and on the emotional subscale,
with a better mean score for the ES group (9.20 mean score) compared with TE speakers (19.00 mean score), and the group
without vocal rehabilitation. The results from the VHI questionnaire are shown in Figure 1.
Results for sample 2 pointed out that the majority of the patients (60%) that were using a vocal assistive method (mean rating
on a scale from 1 to 10, with higher values indicating higher satisfaction, was 6.43) There was high heterogeneity among the
problems they reported and thus we were not able to classify them. However, based on their content, these problems can be
grouped under the following categories: difficulties in being understood by the communication partners, the fact that others
avoid to communicate with them, the fact that they speak much less as compared to the condition before surgery, difficulties in
being heard when speaking from a considerable distance, and difficulties in being heard when there is background noise. In
terms of improvements that should be addressed by future assistive methods, the patients reported that the most important
functionalities they are expecting are (classification based on the mean raking of nine options, higher values indicated better
ranking): a clearer voice (6.86), a device that does not require fixation or closing a valve (6.14), a higher speaking volume
(5.71), an assistive method that requires less effort when speaking (5.56), a method that allows them to speak for a longer
period without interruption and a better fluency (both with a rating of 5.00). The other requirements were ranked in the lower
half (see Figure 2). Finally, we asked the patients about their attitude towards to possible future interfaces for a smartphone
based vocal assistive method, which are both explored by the SWARA project: text-to-speech voice synthesis and real time
lip-reading. Reports indicated that users are somewhat more interested in using a phone-based assistive method that integrates
real time lip-reading, rather than the other option. However, both methods received average ratings that were close to the level
indicating at least some level of interest (2.90 for text-to-speech and 3.60 for lip reading, both on a scale from 1 to 5). There
was large variability on these ratings showing that there might be specific groups which would benefit more from one or from
the other of these technologies.

Figure 2. Average ranking for nine improvements related to vocal assistive methods that emerged from qualitative investigations. A higher score indicates that
a requirement is more desired by the patients.

IV.
DISCUSSION
Regarding voice rehabilitation, we found a higher score for the total VHI, functional and emotional subscales in patients
with the esophageal speakers group (with a moderate voice handicap) compared with patients with TEP.
The results indicate that patients with esophageal speech had a better score than patients using today’s vocal assistive devices
(tracheoesophageal voice prosthesis and electrolarynx). This might be explained by the fact that, TEP speakers had higher
expectation from the vocal assistive method (voice prostheses) than ES group. However, despite the new design of devices in
recent years, obstruction of the prostheses and leakage through the devices are still the most frequent complications [15].
Compared with esophageal voice, voice prostheses require fixation and closing the valve during speech, as well as regular

changes. But esophageal speech is a learned ability that requires speech training and much practice. This indicate that there is
the need to develop better assistive technologies at least for those patient that are not able to learn or use esophageal speech.
Results coming from the interviews and the survey conducted with these patients also suggest that there are still many
problems and needs that are not addressed by available assistive devices. We also offered some clues about which are the main
improvements they are expecting. Both interfaces proposed by the SWARA project might have a potential for at least some of
the patients and each of them could cover at least some of the requirements (e.g., cleared voice, higher volume). Future studies
should include larger samples to allow generalization and a clearer classification of their main problems and expected
improvements. Also, future studies regarding the different interfaces of technology-based vocal assistive methods should allow
the patients to test them and express their attitude based on the experience of using one or another of the communication
interfaces.
V.

CONCLUSION

This study demonstrated that VHI questionnaire is a useful instrument in gathering information regarding the quality of life
in laryngectomized patients and is able to quantify impact of different vocal assistive methods on their functioning and
adaptation to this condition. Although patients express some satisfaction towards current vocal assistive methods technology
there is much space for improvements and there are many problems and needs that are not tackled by available tools.
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