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zodanig dat je de warmte
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CHAPTER 1

General introduction

1.1 Introduction

This thesis focuses on individuals who have had head and neck cancer and had
to undergo a surgical procedure called total laryngectomy. This is an organ-
sacrificing surgery which leads to lifelong consequences in anatomy and phys-
iology of the body. During the total laryngectomy procedure, the larynx is
removed, which leads to a loss of the natural voice. Our mission with this the-
sis is to contribute to better understanding of voice and speech outcomes after
total laryngectomy as well as the functional and participation issues which af-
fect well-being. Based on these findings I aim to identify rehabilitation gaps and
formulate recommendations to improve clinical practice and ongoing research.

The thesis is divided into two sections. The first chapters focus on voice and
speech outcomes after total laryngectomy. The second part of this thesis focuses
on functional issues and psychosocial functioning after total laryngectomy. This
introductory chapter will help the reader understand the consequences of a total
laryngectomy. The available speech rehabilitation options will be discussed as
well as the tools to evaluate quality of voice and speech outcomes. This is
followed by a section on the functional and participation issues which total
laryngectomy patients face.
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6 1.2. Head and Neck Cancer

1.2 Head and Neck Cancer

Head and neck cancer accounts for approximately 5% of all malignant tumours
and includes cancer of the oral cavity, pharynx, larynx and oropharynx [1, 2].
Every year, 140.000 people in Europe are diagnosed with head and neck cancer,
of which 40.000 are diagnosed with larynx cancer [3]. In the Netherlands both
laryngeal and hypo-pharyngeal cancers are typically squamous cell carcinomas.
The peak age for these cancers is between 55 and 74 years. Both cancers are
more often diagnosed in men than in women (4:1), although the incidence
among men is decreasing and the incidence among women is stable or slightly
increasing [4].

1.3 Functions of the larynx

The larynx has a crucial part in basic physical functions including breathing,
speaking and swallowing. Air which is inhaled via the nose or mouth passes
the larynx when entering the trachea and lungs. The air is humidified and
warmed by the upper respiratory tract. The larynx can produce sound; it is
also referred to as the voice box, since the vocal folds are situated within
it. During the phonatory process, air is ejected from the lungs through the
glottis; the vocal folds move closer together which results in oscillation of the
vocal cords [5]. The volume of the voice is determined by the pressure of the
pulmonary air blown through the vocal folds, whilst the fundamental frequency
(pitch) is defined by the frequency of the mucosal waves [5]. The quality of
the voice depends on the myoelastic characteristics of the vocal folds, degree of
vocal fold closure, irregularities during oscillation, and resonance characteristics
[5, 6]. The generated voice can be articulated into speech with help of the
structures in the pharynx, mouth and lips. This process of speech production
can be described according to the source-filter theory [7]. This theory states
that speech is a representation of the produced sound source (e.g. voice) which
is formed into speech by the resonators (oral cavities, nasal cavaties) and the
articulators (tongue, teeth and lips) functioning as a filter. For intake of food
and drinks, the larynx has an important role during swallowing. Within the act
of swallowing the epiglottis covers the entrance of the larynx which protects
the airway for aspiration. In Figure 1.1 a schematic drawing of the lateral view
of the normal anatomy is shown with the larynx in situ.

1.4 Total laryngectomy

A total laryngectomy refers to an organ-sacrificing surgery that can be indi-
cated for laryngeal and hypo-pharyngeal cancers. An indication depends on the
degree of invasiveness (indicated with T-stage), size, site and recurrence of the
cancer, laryngeal functionality, the patient’s condition and patient’s and doc-
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General introduction 7

Figure 1.1: Schematic drawing of a lateral view of the normal anatomy with the larynx
in situ.

tor’s preferences [8]. Working towards an educated treatment choice is referred
to as shared decision making. Three main indications for total laryngectomy
are present. Firstly, a total laryngectomy can be a primary treatment for ad-
vanced laryngeal and hypo-pharyngeal cancers, the T3 and T4 staged cancers.
These cancers can be primary, the first diagnosed cancer, or secondary pri-
mary; the latter referring to a new primary cancer in a patient that already
had cancer. A total laryngectomy for primary cancer is typically combined
with post-laryngectomy (chemo)radiotherapy, whereas patients with secondary
primary cancer often have already received (chemo)radiotherapy for their first
cancer [4, 9, 10]. Secondly, a total laryngectomy can be a salvage treatment in
case of recurrent or residual disease that is not successfully treated with organ-
preserving treatment, such as (chemo)radiotherapy [10]. In approximately one
fourth of the patients with advanced larynx cancer, this salvage treatment needs
to be performed since the (chemo)radiotherapy or minimally invasive proce-
dures were not sufficient [11, 12]. Finally, laryngeal functionality can become
so impaired due to previous (chemo)radiotherapy that a total laryngectomy
is required [13, 14]. In this case the procedure is performed as a result of a
dysfunctional larynx. Patients with a dysfunctional larynx often suffer ongoing
aspiration and/or obstruction in breathing which makes them dependent on a
tracheotomy, e.g. a canulla [13, 14].

The surgical procedure of a total laryngectomy generally involves removal of
the larynx, resection of the trachea, removal of the hypopharynx in accordance
with the extent of invasion and reconstruction of the neopharynx. In case of
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8 1.5. Speech rehabilitation after total laryngectomy

limited invasion a primary closure of the pharynx can be performed, but in more
extensive resections, reconstruction of the lost tissue is necessary by reinforcing
tissue from another part of the body, e.g. a pectoralis major flap, radial forearm
flap or gastric pull-up. For the patient to be able to breathe, a tracheal stoma
is made by bringing the trachea to the skin in the inferior anterior area of
the neck. When possible, a primary insertion of voice prosthesis is performed
allowing early vocal rehabilitation with tracheoesophageal speech.

1.5 Speech rehabilitation after total laryngectomy

Due to the removal of the larynx, one of the immediate consequences is that
the patient loses his ability to generate voice; the patient will need a substitute
voice. Substitute voicing is defined as ‘voicing without the true vocal folds’.
After total laryngectomy the three most used options for creating a substitute-
voice are tracheoesophageal speech, artificial larynx, and esophageal speech.

1.5.1 Tracheoesophageal speech

The majority of this thesis is focused on outcomes in tracheoesophageal speech,
which is considered the preferred speech rehabilitation option in the Western
world. A fistula is created between the trachea and esophagus, in which a
valve (voice prosthesis) is placed. This re-establishes the connection between
the lungs and the mouth. When the stoma is occluded, air from the lungs
enters the esophagus, which results in vibrations in the pharyngo-esophageal
segment. The pharyngoesophageal segment (PE-segment), also referred to as
the neoglottis, serves as the new vibratory voicing source in tracheoesophageal
speech. In contrast to the quasi-symmetrical vocal folds, the vibrating neoglot-
tis consists of amorphic vibrating elements. The whole vibrating segment is
larger since it has more mass and therefore its vibrations are typically less reg-
ular compared to laryngeal speech. Tracheoesophageal speech is generalized by
a lower fundamental frequency, a rougher voice quality, reduced voicing dis-
tinctions in consonants and abnormal prosody. Tracheoesophageal speech can
be perceptually hoarse or breathy, it can be noisy, caused by air seeping from
the stoma during speech or the gargling noise of saliva or mucus flowing down
the throat [15, 16]. The general speaking rate is reduced with fewer words and
syllables per minute and longer or greater number of pauses [16–18]. In speech
production, problems occur in producing voiced and voiceless consonants, voic-
ing vowels, maintaining pitch, and producing specific phonemes [19]. In Figure
1.2 a schematic drawing of tracheoesophageal speech is visualized.

1.5.2 Esophageal speech

Esophageal speech is performed by administering air into the esophagus, which
is subsequently expelled, causing mucosal vibrations in the PE-segment. Prior
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Figure 1.2: Schematic drawing of tracheoesophageal speech. With manual occlusion
of the stoma, air from the lungs passes through the voice prosthesis to allow the
pharyngo-esophageal segment to vibrate and generate voice.

to the introduction of tracheoesophageal speech in the early 1980s, esophageal
speech played a prominent role in speech rehabilitation after total laryngec-
tomy. Esophageal speech does offer advantages over tracheoesophageal speech
and artificial larynx speech: it does not require a mechanical or prosthetic device
and the hands are not occupied during voicing. Disadvantages of esophageal
speech are the short phonation time, reduced loudness, and lower success rate,
and it has the longest training time of all of the speech rehabilitation options.
Esophageal speech is produced by injection of air into the esophagus. The
esophagus serves as the air reservoir; the PE-segment is set into vibration. The
reported volume of this esophageal reservoir is approximately 40 to 80cc [20].
There are two main ways to get air into the esophagus for voicing purposes
which are classified as a positive pressure approach and a negative pressure
approach. In the positive pressure approach, air is injected into the esophagus
on a consonant or with a tongue pumping method. In the negative pressure
approach an inhalation technique is used to create a negative air pressure into
the upper esophagus. When the air is released, the PE-segment vibrates which
creates voicing. Both methods require oral, motor and cognitive skills of the
patient. Both approaches to get the air into the esophagus can disrupt artic-
ulatory movements and reduce fluency of speech. Therefore, longer training
periods are required, often up to months [21]. Since tracheoesophageal speech
is considered as the preferred method, nowadays, fewer speech and language
pathologists (SLP’s) are proficient at teaching esophageal speech. In Figure 1.3
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10 1.5. Speech rehabilitation after total laryngectomy

esophageal speech is visualized.

Figure 1.3: Schematic drawing of esophageal speech. Air from the mouth is injected
in the esophagus and subsequently expelled, which results in mucosal vibrations of
the pharyngo-esophageal segment and generates voice.

1.5.3 Electrolarynx speech

Speech rehabilitation with an artificial larynx involves a substitute sound source.
This can be a pneumatic device, a pipe leading from the stoma to the mouth
housing a rubber membrame which vibrates on pulmonary air stream. Or an
electrolarynx is used, a (mostly) handheld device which can be placed against
the neck or cheek. This electronic device mechanically generates sound which
is transmitted through the tissue, the tissue turning air within the vocal tract
into vibration. Speech is generated by articulatory movements. Typically these
devices have separate buttons for pitch and loudness manipulations. An ad-
vantage of electrolarynx speech is that it can be utilized within the first few
days after the laryngectomy surgery, it is low-cost and has a fairly high success
rate. Disadvantages are that the sound of the voice is mechanical and perceived
as unnatural and that intelligibility is less than tacheoesophageal speech and
esophageal speech [21]. In Figure 1.4 electrolarynx speech is visualized.

1.5.4 Functional issues following total laryngectomy

To help patients adapt to post-laryngectomy life and to minimize negative con-
sequences, multidisciplinary rehabilitation is provided. Apart from the changes
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Figure 1.4: Schematic drawing of electrolarynx speech. The electrolarynx is placed
against the neck, the generated sound transmitted through the tissue into the mouth
and articulated into speech.

in voice and speech, the total laryngectomy procedure leads to lifelong changes
in physical, psychological and social functioning. The surgical procedure leads
to changes in respiration, swallowing, olfaction, and general health. This can
severely impact the patients’ normal daily functioning and their general well-
being.

1.6 Multidimensional analysis of voice and speech

To evaluate voice and speech it is recommended to perform a multidimensional
analysis, which evaluates both objective and subjective aspects. Multidimen-
sional analysis of voice and speech includes analysis of perceptual, acoustic,
and patient-reported outcome measures (PROM) [22]. Substitute voices are
generally characterized by strong irregular voice quality compared to healthy
speakers; therefore, a well-thought-out approach is required to evaluate substi-
tute speech [23].

1.6.1 Perceptual analysis

Perceptual evaluation includes standardized listening experiments. As commu-
nication is mostly a perceptual matter, auditory-perceptual evaluations are
considered as the “gold standard”. For laryngeal voices perceptual evaluation
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12 1.6. Multidimensional analysis of voice and speech

is standardly performed with the GRBAS scale, including the five parame-
ters Grade, Roughness, Breathiness, Asthenia, and Strain. Unfortunately, this
scale is not sufficient for evaluating substitute voicing, as these largely irreg-
ular voicing types often score the highest grade of dysphonia. For substitute
voices, judgements of experienced SLP’s are considered as more proficient than
judgements of naïve raters [24]. In the literature various variables are applied
to evaluate substitute voices by perceptual ratings. Moerman and colleagues
developed the IINFVo scale to assess substitute speech perceptually. The five
IINFVo scale parameters are: overall impression (I), impression of intelligibility
(I), unintended additive noise (N), fluency (F) and voicing (Vo) [25]. It appears
that the variables can be reduced to two perceptual dimensions which are the
most reliable: acceptability and intelligibility [25, 26]. Overall impression or
acceptability of the voice refers to the degree to which speech is agreeable to
the ear and has a pleasant quality. Intelligibility refers to the clarity and un-
derstandability of words and sentences [25, 26].

1.6.2 Acoustic analysis

Acoustic analysis of the voice includes analysis of the signal of audio recordings
of the voice and speech. Acoustic outcomes provide an objective measure of
vocal functioning. The characteristics of the voice signal can be analyzed with
the help of software; frequently used software is Praat [27]. Standard acous-
tic measures of a sustained vowel /a/ include perturbation measures, providing
information about the period-to-period and amplitude variation of the voice sig-
nal, jitter and shimmer, respectively. A limitation of this perturbation analysis
is that the systems often cannot analyze strongly aperiodic signals which are
present in substitute voicing, therefore the validity and clinical utility of many
of these acoustic measures has been strongly debated [28–30]. Thus, additional
information can be provided by measuring the proportion of voiced frames and
signal-to-noise ratio computations. Signal-to-noise ratio computations include
harmonics-to-noise-ratio and cepstrum peak. Over the last decade automatic
speech and voice analysis has become field of interest [30–32]. Automatic anal-
ysis is promising in providing consistent ratings and analyzing trends within
a single speaker. To perform an automatic analysis which combines several
acoustic parameters in one score the Acoustic Voice Quality Index can be used
[30]. The AVQI is a measurement of six acoustic domains in time, frequency
and quefrency modeled in in a linear regression formula.

1.6.3 Patient-reported outcome measures

Patient-reported outcome measures (PROM’s) are ratings performed by the
patient; patients evaluate their own voice quality, understandability, and func-
tioning with the voice. This evaluation is subjective by definition, but very
important in clinical practice. It is the patient who has to function in everyday
life with the changed voice; therefore these questionnaires often assess the diffi-
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culties or handicaps which are experienced. Simple but effective assessment of
the voice can be performed with a visual analogue scale of 100mm to obtain an
impression of the voice quality, intelligibility and/or the impact the voice func-
tioning has on performing everyday (social) activities. Different questionnaires
have been developed that focus on voice functioning, e.g. the voice handicap
index is a widely used questionnaire, which is available in a 30-item and a 10-
item version [33, 34]. The questionnaire has been validated for use in laryngeal
speakers experiencing voice problems but not specifically for total laryngectomy
patients.

1.7 Aims and scope of this thesis

In this PhD thesis I aim to investigate voice and speech outcomes as well
as functional outcomes and functional consequences after total laryngectomy.
The thesis is divided in two sections; the first section includes chapters 2
to 5 and presents outcomes on voice and speech after total laryngectomy.
Chapter 2 presents a systematic literature review which was conducted to
evaluate comparative acoustic, perceptual, and patient-reported outcomes for
esophageal speech, tracheoesophageal speech, and electrolarynx speech in com-
parison with healthy speakers. In Chapter 3 we report on our study which
is unique in prospectively assessing the course of acoustic voice outcomes, re-
ported voice problems, and quality of life in total laryngectomy patients from
pre-laryngectomy up to one year post-surgery. In Chapter 4 an investigation
of the acoustic changes of the consonants /t/ and /d/ in Dutch speaking indi-
viduals before and after total laryngectomy is presented. Chapter 5 presents
the outcomes of longitudinally collected voice recordings in individuals with
a time range of seven to eighteen years, assessing if voice quality and intelli-
gibility is stable on the long-term in tracheoesophageal speakers. The second
section, covering Chapters 6 to 9, presents studies on functional issues, reha-
bilitation strategies for pulmonary complaints and women-specific problems.
Chapter 6 presents the results of a worldwide survey assessing functional and
participation issues in a group of 1705 respondents with total laryngectomy.
In Chapter 7 we report on the first Expiratory Muscle Strength Training we
provided to patients after total laryngectomy which is aimed to reduce their
pulmonary complaints. Chapter 8 describes the results of a qualitative study
in which we interviewed female patients on their perspective of life after total
laryngectomy. In Chapter 9 the results described in this thesis are discussed
and recommendations for clinical practice and suggestions for future research
are given. In Chapter 10 a summary of this thesis in Dutch and English is
presented.
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CHAPTER 2

Objective and subjective voice outcomes after total
laryngectomy: a systematic review

Abstract

Background: Esophageal speech (ES), tracheoesophageal speech (TES) and/or
electrolarynx speech (ELS) are three speech rehabilitation methods which are
commonly provided after total laryngectomy (TL).

Methods: A systematic review of the literature was conducted to evaluate
comparative acoustic, perceptual, and patient-reported outcomes for ES, TES,
ELS and healthy speakers.

Results: Twenty-six articles could be included. In most studies, methodolog-
ical quality was low. It is likely that an inclusion bias exists, many studies
only included exceptional speakers. Significant better outcomes are reported
for TES compared to ES for the acoustic parameters, fundamental frequency,
maximum phonation time and intensity. Perceptually, TES is rated with a
significant better voice quality and intelligibility than ES and ELS. None of
the speech rehabilitation groups reported clearly better outcomes in patient-
reported outcomes.

0Appeared as: van Sluis, K.E., van der Molen, L., van Son, R.J.J.H., Hilgers, F.J.M.,
Bhairosing, P.A., van den Brekel, M.W.M. “Objective and subjective voice outcomes: a sys-
tematic review.” European Archives of Oto-Rhino-Laryngoly 275,1: 11-26, 2018.
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20 2.1. Introduction

Conclusions: Studies on speech outcomes after TL are flawed in design and
represent weak levels of evidence. There is an urge for standardized measure-
ment tools for evaluations of substitute voice speakers. TES is the favorable
speech rehabilitation method according to acoustic and perceptual outcomes.
All speaker groups after TL report a degree of voice handicap. Knowledge of
caretakers and differences in health care and insurance systems play a role in
the speech rehabilitation options that can be offered.

2.1 Introduction

As a consequence of total laryngectomy (TL), patients lose their natural voice,
making speech rehabilitation with a substitute sound source a major rehabili-
tation goal. The three main rehabilitation options are esophageal speech (ES),
tracheoesophageal speech (TES), and electrolarynx speech (ELS) [1]. ES and
TES have in common that the substitute sound source is internal, i.e. the
voice is produced in the pharyngoesophageal (PE) segment. ES is performed
by administering air into the esophagus, which is subsequently expelled, caus-
ing mucosal vibrations in the PE-segment. In TES, pulmonary air channeled
through a voice prosthesis or tracheoesophageal (TE) fistula. The voice pros-
thesis enables pulmonary air to enter the esophagus, and prevents esophageal
content from entering the airway. In TES, pulmonary air is the driving force for
the mucosal vibrations in the PE-segment. In ELS the substitute sound source
is external: an electrolarynx is a sound producing, mostly handheld device,
which can be placed against the neck or cheek [1].

Worldwide, no evidence-based consensus exists on which speech rehabilita-
tion method is best for restoring oral communication. It is often assumed that
for TL patients a better voice quality is associated with an improved quality
of life [2, 3].

For evaluating speech rehabilitation outcomes, multidimensional assessment
is recommended [4, 5]. This systematic review focuses on acoustic analysis, per-
ceptual evaluation, and patient-reported outcomes (PROs) of the three substi-
tute speech options. Acoustic voice analysis regularly includes pitch and am-
plitude measurements [6]. However, standard acoustic voice analyses are not
always sufficient to measure substitute voices, because speech originating in the
vibrating PE-segment, ES and TES, is known to contain more noise components
and less regularity than laryngeal voice [7]. Perceptual evaluations of the speech
rehabilitation methods also require a well-thought-out approach because of the
deviances in regularity compared to laryngeal voices [8, 9]. Most convenient
for such evaluations of substitute voices are overall impression of voice quality
and impression of speech intelligibility [8, 9]. Results of speech rehabilitation
from a patient’s perspective are mostly evaluated by Quality of Life (QOL)
questionnaires such as those of the European Organization for Research and
Treatment of Cancer, Quality of Life Questionnaire (EORTC), the module for
patients with head and neck cancer 35-item version (EORTC QLQ-H&N35)
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and/or the EORTC QLQ-C30 questionnaire, which include questions about
speech functioning [10, 11]. PROs, such as the Voice Handicap Index (VHI)
and Voice-Related Quality of Life (V-RQOL) provide more detailed evalua-
tions of speech rehabilitation results [12–14].

At present, a comprehensive literature review on the advantages and disad-
vantages of the current speech rehabilitation options has not been performed.
Collecting the best evidence available on the three speech rehabilitation meth-
ods will likely help to build consensus about which speech rehabilitation after
TL is optimal, and could aid in clinicians’ decision-making, patients’ counsel-
ing and reimbursement issues. In this systematic review, we focus on obtaining
comparative acoustic, perceptual, and PROs for the three speech rehabilitation
methods after TL. We aim to identify how outcomes of the various speech reha-
bilitation methods relate to those of normal laryngeal speech (healthy speakers),
and what outcomes are favorable for each rehabilitation method.

2.2 Materials and methods

The literature on speech outcomes after total laryngectomy (TL) was reviewed
by means of a systematic search strategy. This search strategy was conducted
with specific attention to the primary and secondary outcomes of interest (Table
2.1). The most suitable primary and secondary outcomes were selected based on
the literature. With the acoustic outcomes, we aimed to obtain objective infor-
mation about the speech rehabilitation options. We aimed to obtain subjective
information of the voices though perceptual ratings and PROs. We have chosen
to indicate fundamental frequency (F0), Harmonics to Noise Ratio (HNR), and
percentage of voicedness (%voiced) as primary acoustic outcomes. These out-
comes are indicated by several authors to obtain information about the pitch,
stability and the amount of noise components [7, 15–17]. Secondary acoustic
outcomes of interest were jitter, shimmer, intensity, spectral tilt and maximum
phonation time (MPT). These outcome variables are frequently used in the lit-
erature although some are known to be less reliable in substitute voicing [16, 17].
Primary perceptual outcomes of interest were overall impression of voice quality
and intelligibility, derived from the IINFVo scale, where impression, intelligibil-
ity, noise, fluency and voicing is evaluated [18]. Secondary perceptual outcomes
of interest were chosen from well-established perceptual assessment tools, such
as the Grade Roughness Breathiness Asthenia Strain scale assessment (GR-
BAS [19], and other recommended perceptual parameters in TL-speech such as
unintended additive noise, fluency, and voicing [8, 18]. Primary PROs were the
widely used VHI [13] and V-RQOL[14]. As secondary PROs we included voice
specific outcomes on the EORTC QLQ-H&N35 [11] and the EORTC QLQ-
C30 [10], where general quality of life is evaluated including a specific subset
of questions on communication. The literature search was performed by the
medical information specialist. The search was conducted in PubMed, Embase
(ovid), Scopus and PsychInfo. Terms searched for were “laryngectomy”, “voice”,
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“speech”, “electrolarynx”, “esophageal”, “tracheoesophageal”, “acoustics”, “intel-
ligibility”, “voice quality”, “quality of life” and their synonyms. The criteria for
inclusion were that the written language was English, Dutch, German, Span-
ish or French. No filter for publication date was applied, and the search was
performed in January 2016, with an update in December 2016.

Table 2.1: Research questions and outcomes of interest

Research questions • Which comparative acoustic, perceptual, and PROs
are available for TES, ES and ELS after TL
• How do outcomes of TES, ES and ELS relate to
those of normal laryngeal speech?
• What outcomes are favorable in which rehabilitation
method?

Primary
Outcomes

Acoustic F0: fundamental frequency, a result of the rate of vi-
bration of the (neo) glottis [15]
HNR: harmonics to noise ratio, ratio between the to-
tal energy of the periodic voice signal and the energy
of noise components [15, 17, 20]
%voiced: the percentage voicedness [9, 16, 17]

Perceptual Voice quality: impression of the overall voice quality
[8, 9, 14]
Intelligibility: impression of the intelligibility [8, 18]

PROs VHI: Voice Handicap Index [13]
V-RQOL: voice-related quality of life [14]

Secondary
Outcomes

Acoustic Jitter: relative variability in the period-to-period fre-
quency [20, 21]
Shimmer: relative variability in the peak-to-peak
amplitude [20, 21]
Intensity: Loudness dB [8, 22]
Spectral tilt: a comparison between low frequency
energy (between 0 and 1 kHz) and high frequency en-
ergy (between 1 and 5 kHz) [21, 23]
MPT: Maximum Phonation Time [22, 24]

Perceptual GRBAS: Grade Roughness Breathiness Asthenia
Strain scale assessment [18, 19]
Unintended additive noise: uncontrolled noises
during speech [18]
Fluency: the perceived smoothness of the sound pro-
duction [18]
Voicing: voicing is voiced or unvoiced where it is sup-
posed to be voiced or unvoiced [18]

PROs EORTC QLQ-H&N35: European Organization for
Research and Treatment of Cancer, Quality of Life
Questionnaire module for patients with head and neck
cancer 35-item version [11]
EORTC QLQ-C30: European Organization for Re-
search and Treatment of Cancer, Quality of Life Ques-
tionnaire C30 [10]

All study types were included. Publications were included when at least two
types of speech methods were compared. In these cases the same procedures
for acoustic and perceptual evaluations are warranted for the different speaker
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groups within one study. Speaker groups had to be grn=7. There had to be a
comparison of two or more speaker groups within the study. At least one of the
primary outcome measurements had to be reported. Studies were graded ac-
cording to the criteria of risk on bias described by the Cochrane Handbook for
Systematic Reviews of Interventions, shown in the appendix, i.e. A = low risk
of bias, B = unclear risk of bias, and C = high risk of bias [25, 26]. Level A and
level B rated studies were included. Articles were excluded when they mainly
reported on device research, primary or secondary voice prosthesis placement,
adverse effects, or on pulmonary rehabilitation. Articles only reporting on sec-
ondary outcomes or rated as a Level C article were excluded. Reference lists
were checked to collect more data. Studies which were rated with low risk of
bias (level A) were indicated as best evidence available. These level A rated
studies are highlighted in the result section, as well as the significant outcomes
reported by the included studies (level A and B). Only predefined outcome pa-
rameters were taken into account. Outliers were excluded in the overall results
section and are elaborated on further in the discussion section. Outcomes of in-
cluded studies were analyzed and, where possible, pooled. Data were tabulated
and graphically represented in violin plots.

2.3 Results

The search and selection process is visualized in Figure 1. The first and second
author screened 50 out of 2405 papers on title and abstract to meet the selection
criteria for inclusion. The first author performed the remaining screening of
titles and abstracts. Seventy papers were evaluated in full for relevance and
validity by the first and second author. References of the articles that were
retrieved in full were screened, which resulted in two additional articles. The
first and second author both performed a critical appraisal of the design of the
studies. The third author evaluated all non-English articles. A decision on the
inclusion of the articles was made in consensus of the three raters.

The definitive selection included 28 publications. There were two papers
that discussed the same study, but were written in two different languages
[27, 28]. We included the English version [27]. Furthermore, there were two
publications of the same author published in 2013 and 2015, the 2015 pa-
per containing additional speakers and evaluations to the 2013 paper [29, 30].
Therefore, we have chosen to only report on the 2015 paper in this systematic
review [30]. This left 26 papers for further evaluation (Table 2.2).

In Table 2.2 details of the selected studies are provided. The scope of the
research, the number of included participants and risk of bias rating is shown.
In total, only three of the 26 studies (12%) reached level A (low risk of bias),
shown in bold [30–32]. The remaining articles reached level B (unclear risk of
bias).

A total of 1,097 participants are included in the studies, only the groups
of interest are taken into account. Groups of interest were ES (n=313), TES
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24 2.3. Results

(n=482), ELS (n=135), and a control group of healthy i.e. laryngeal speakers
(n=167). Six studies only included male participants [37–41, 46]. One study
only included female participants [33]. When gender is reported in studies,
control groups are matched on or comparable to the sex of the TL groups.
Fourteen studies [27, 32–34, 34, 37, 38, 40–42, 44, 45, 49, 52] reported acoustic
outcomes; nine studies [30, 31, 36, 40, 41, 43, 46, 48, 54] reported perceptual
outcomes; and eight studies [30, 39, 41, 43, 47, 49, 50, 53] reported PROs. Four
studies [30, 40, 41, 43] reported a combination of outcome measures.
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Figure 2.1: Flow diagram of study inclusion.
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Ten studies [27, 34, 35, 37, 38, 42, 44, 49, 52, 54] did not mention any
inclusion criteria. Eleven studies [27, 33–36, 38, 42, 44, 46, 46, 50, 54] failed to
describe their method of selection and recruitment of participants. Two studies
[40, 45] provided a detailed description of the selection process. The remaining
articles [30, 32, 37, 39, 43, 47–49] mentioned the selection process briefly. Most
patients were recruited via a clinical setting or via support groups.

Treatment details of the included groups were only provided in about half
of the studies [27, 30–33, 38, 39, 41, 45, 47, 49, 52]. This variable was indicated
as present when treatment details were provided. Nevertheless, surgical details,
e.g. use of flaps during the surgery were not provided in any of the included
studies.

2.3.1 Acoustic outcomes

In Table 2.3 acoustic outcomes for the included studies that reported on the pri-
mary (e.g. F0, HNR, MPT) and secondary outcomes (e.g. jitter, shimmer, inten-
sity, spectral tilt) are presented. Comparative results for the different speaker
groups are shown. None of the studies performed acoustical analysis on ELS,
therefore ELS is not discussed in this section.

Fundamental frequency

Thirteen papers [27, 32–35, 37, 38, 40–42, 45, 49, 52] (n=443) reported fun-
damental frequency (F0) outcomes, including the level A categorized study of
Shim et al. [32] (Figure 2.). Measurements are presented for evaluations in sus-
tained vowels and in running speech. No distinction between male and female
speakers is made. Most studies did not make this distinction since the sound
source, the PE-segement, is similar in both groups. Not all F0 outcomes could
be taken in account because in some studies the reporting was only range of F0
or in boxplots [37, 40]. Higher F0 values are designated as better [1]. The total
range of F0 values for all groups of speakers in vowels and running speech is 64
- 179 Hz, which is reported in twelve studies [27, 32–35, 38, 40–42, 45, 49, 52].
The mean F0 value of 227 Hz for TES [52] and the mean F0 value of 246 Hz
for ES [41] are considered outliers and were therefore excluded. The level A
rated study of Shim et al. [32] showed non-significant higher mean F0 values
for ES compared to healthy speakers, resp. 131 Hz and 124 Hz. Higher mean
F0 values are found for healthy speakers compared to ES and TES (n=7)
[27, 33, 34, 38, 40, 42, 49]. In two studies this difference was significant [27, 34].
For the speech rehabilitation methods higher F0 values are seen in the group
of TES as compared to ES (n=7) [27, 33–35, 42, 49, 49]. In four studies this
difference was significant [27, 33, 34, 52]
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Figure 2.2: Left violin plot displaying the distribution of the mean F0 outcomes for
sustained vowels in 12 studies [27, 32–35, 38, 40–42, 45, 49, 52] ES n=136, TES n=168,
H n=115. Right violin plot displaying the distribution of the mean F0 outcomes
for running speech in four studies [33, 34, 40, 49]. ES n=34, TES n=44, H n=35.
Abbreviations: ES = esophageal speakers; TES = tracheoesophageal speakers; ELS
= electrolarynx speakers; H = healthy speakers; F0 = fundamental frequency; Hz =
Hertz.

Harmonics to noise ratio

Eight studies [27, 32, 33, 35, 38, 41, 44, 52] (n=240) included Harmonics to
Noise Ratio (HNR) outcomes, including one level A study of Shim et al. [32],
and seven level B studies [27, 33, 35, 38, 41, 44, 52]. Two studies measured Noise
to Harmonics Ratio, which was recalculated to HNR [32, 35]. Higher HNR is
reflecting better voice quality. The level A rated study of Shim et al. [32] showed
better HNR outcomes for healthy speakers compared to ES. Healthy speech
was rated as superior to substitute speech in five studies [27, 32, 33, 38, 44].
Comparison between ES and TES showed superior values for TES (Table 2.3;
n=5) [27, 33, 35, 41, 52]. However, none of the studies comparing ES and TES
found a significant difference between these substitute voices. This is reflected
in the violin plots in Figure 3, depicting the comparable HNR outcomes for
TES and ES.

Maximum phonation time

Eight level B rated studies [35, 37, 38, 40, 41, 45, 49, 52] (n=262) evaluated
Maximum Phonation Time (MPT) by phonation of a vowel /a/ or /i/ (Table
2.3, Figure 3). Longer MPT is indicated as being better. Range of MPT values
for all groups of speakers is 0.84sec - 23.87sec (n=8) [35, 37, 38, 40, 41, 45, 49,
52]. In the group of healthy speakers values for MPT are highest [38, 40, 49]. A
significant longer MPT for healthy speakers is found in comparison with TES
[38]. Within the comparison of the speech rehabilitation groups six studies
[35, 37, 41, 45, 49, 52] found that TES has a longer MPT than ES, significant
in one study [52].
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Figure 2.3: Left violin plot displaying the distribution of the mean HNR outcomes
in eight studies [27, 32, 33, 35, 38, 41, 44, 52]. ES n=86, TES n=82, H n=90. Right
violin plot displaying the distribution of the mean MPT outcomes in eight studies
[35, 37, 38, 38, 40, 41, 45, 49, 52]. ES n=84, TES n=123, H n=55. Abbreviations:
ES = esophageal speakers; TES = tracheoesophageal speakers; H=Healty speaker;
ELS = electrolarynx speakers; HNR = harmonics to noise ratio; MPT = maximum
phonation time.

Jitter

Comparison of jitter values between groups were made in eight studies [27, 32,
35, 38, 42, 44, 49, 52] (n=294). One study was categorized as level A [32] and
seven studies as level B [27, 35, 38, 42, 44, 49, 52]. Low jitter value is related
to better voice quality [9, 20]. Lowest values for jitter are found in the group of
healthy speakers (n=6 [27, 32, 38, 42, 44, 49], Figure 4). A significant difference
between healthy speakers and the groups of substitute voice speakers is found
in four studies, one of which is listed a level A study [32], and three as level
B [27, 38, 44] (Table 2.3). For the groups of substitute voice speakers lower
jitter values were found for TES compared to ES, but these outcomes were not
significant (n=5 [27, 35, 42, 49, 52], Table 2.3).

Shimmer

Six studies [27, 32, 38, 44, 49, 52] (n=245) reported on shimmer values, of
which one study was categorized as level A [32], five as level B [27, 38, 44, 49,
52]. Outcomes for shimmer in percentage were compared. For two studies [49,
52], shimmer outcomes were presented in shimmer decibel. For this systematic
review, these data were recalculated to percentages [49, 52]. A low shimmer
value is related to a better voice quality [9, 20]. In the level A study of Shim et
al. [32] significantly better shimmer outcomes are reported for healthy speakers
compared to TES (Table 2.3). Shimmer values for all groups ranged from 0.4%
- 18.4%. The value of 53.6% shimmer for ES, is considered to be an outlier
[44]. It seems that based on shimmer, healthy speech can be rated as superior
compared to ES and TES (n=5 [27, 32, 38, 44, 49], Table 2.3, Figure 4). No
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Figure 2.4: Left violin plot displaying the distribution of the mean jitter outcomes
of eight studies [27, 32, 35, 38, 42, 44, 49, 52] ES n=87, TES n=102, H n=105.
Right violin plot displaying the distribution of the mean shimmer outcomes of five
studies ES n=65, TES n=65, H n=95 [27, 32, 38, 44, 49]. Abbreviations: ES =
esophageal speakers; TES = tracheoesophageal speakers; H=Healthy Speaker; ELS =
electrolarynx speakers; HNR = harmonics to noise ratio; MPT = maximum phonation
time.

definite trend is seen between the speech rehabilitation methods ES and TES
(n=3, Table 2.3) [27, 49, 52].

Intensity

Four level B categorized studies [34, 41, 49, 52] (n=113) reported intensity
scores (Table 2.3). Intensity in decibel is not an absolute value, and therefore
comparing the mean outcome is irrelevant. A higher intensity is indicated as
being better [1]. Highest intensity scores are found for healthy speakers [34, 49].
Between substitute voices four studies [34, 41, 49, 52] found higher intensity
scores for TES than for ES. In only one of these studies the higher intensity
for TES compared to ES was significant [52].

Spectral tilt

Two studies [32, 37] (n=64) calculated the ratio between the energy above 4
kHz and the energy in the lower frequencies. One study was categorized as level
A [32], the other as level B [37]. A larger ratio is correlating with better voice
quality [55]. The level A rated study of Shim et al. [32] reported a larger ratio
in healthy speakers than in ES. In the other study [37] the spectral tilt ratio
was found to be larger for TES than for ES. It is not possible to draw overall
conclusion from this due to the small number of studies reporting this outcome
measure.
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Table 2.4: Comparative perceptual and patient-reported outcomes for speaker
groups

Perceptual Perceptual PROs PROs
Voice quality Intelligibility VHI V-RQOL

ES>TES - - Salturk et al. [51]*
Tiple et al. [53]

-

ES>ELS Ng et al. [48] Williams&Watson [54]* Salturk et al. [51]*
Tiple et al. [53]

Moukarbel et al. [47]

ES > H - - - -
TES>ES Law et al. [43]

Ng et al. [48]
Williams&Watson [54]*

Law et al. [43]
Ng et al. [48]
Williams&Watson [54]*

- Moukarbel et al. [47]

TES>ELS Eadie et al. [30]*
Ng et al. [48]
Miralles&Cervera [46]
Williams&Watson [54]*

Eadie et al. [30]*
Ng et al. [48]
Williams&Watson [54]*

Eadie et al. [30] Moukarbel et al. [47]*

TES>H - - - -
ELS>ES Law et al. [43] Law et al. [43]

Ng et al. [48]
- -

ELS>TES Law et al. [43] Law et al. [43] Tiple et al. [53] -
ELS>H - - - -
H>ES Williams&Watson [54]* Williams&Watson [54]* - -
H>TES Finizia et al. [40]

Williams&Watson [54]*
Finizia et al. [40]
Williams&Watson [54]*
Crosetti [31]*

- -

H>ELS Williams&Watson [54]* Williams&Watson [54]* - -
> Indicating a better mean group outcome. Level of significance was held at p ≤ .05.
Studies presented in bold had a level A risk of bias. ES esophageal speakers, TES tracheoe-
sophageal speakers, ELS electrolarynx speakers, MPT maximum phonation time, V-RQOL
voice-related quality of life

2.3.2 Perceptual outcomes

In Table 4, comparative perceptual results for the different speaker groups are
shown. Studies that reported on the primary outcomes “voice quality” and “in-
telligibility” are presented. Initially formulated outcome variables, which were
not reported in the included studies, cannot be discussed. This concerns the
percentage of voicedness, “Grade Roughness Breathiness Asthenia Strain scale
assessment” (GRBAS), unattended additive noise, fluency and voicing.

Voice quality

Voice quality was perceptually evaluated in five studies [30, 40, 43, 48, 54]
(n=177). One of these studies was categorized as level A [30], four level B
[40, 43, 48, 54]. Across these studies, different evaluation methods were used.
In the level A study by Eadie et al. [30] speech acceptability ratings were
obtained for ES, TES and ELS measured by a visual analog scale (VAS). The
audio recordings were evaluated by 48 listeners, and speakers judged their own
speech acceptability. In another study [43] the evaluators were instructed to
rate the severity of the speech impairment on an 11-point scale with equal-
appearing interval, from no speech impairment to a severe speech impairment.
This study made a distinction between younger and older listeners, and in
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the present review the results for both groups of listeners were pooled [43].
One study [40] performed perceptual evaluation of TES compared to healthy
speakers on a VAS 0-100. Another study [48] used a one to seven equal-interval
scale for rating. A score of one indicated severe hoarseness, while a score of
seven indicated a clear voice quality. A scale of one to seven was also used in
another study [54], in which evaluators rated videotaped speaking fragments
of ES, TES and ELS for voice quality [54].

The level A rated study of Eadie et al. [30] found that TES are rated with
a significant more acceptable voice quality compared to ELS (Table 4). When
speakers had to judge their own voice recordings no differences were found in
speech acceptability between TES and ELS [30]. Two other studies [46, 48] also
found better voice quality outcomes for TES compared to ELS, though these
differences were non-significant [46, 48]. Three studies [43, 48, 54] found a better
voice quality for TES compared to ES, which was significant in one of these
[54]. In one study [43], ELS was rated as having a better voice quality compared
to ES and TES. Another study indicated ES as having a better voice quality
compared to ELS [48]. When a comparison between substitute voice speakers
and healthy speakers is made, the group of healthy speakers is rated to have
the best voice quality [40, 54]. One study underlined this with significance [54].

Intelligibility

In eight studies [30, 31, 36, 40, 43, 46, 48, 54] (n=329) intelligibility was as-
sessed, and two of these were level A studies [30, 31], and six level B studies
[36, 40, 43, 46, 48, 54]. Different methods were used to measure intelligibility
outcomes. Two studies [48, 54] used a self-developed seven-equal interval scale,
while one study [40] used a VAS of 0-100. The VAS and interval scales were
used to rate the speakers’ intelligibility. Two studies [30, 43] used the Sentence
Intelligibility Test (SIT) to perform a per protocol analysis. Other studies de-
veloped their own assessment procedure. One study [36] evaluated TES with
a group including ES as well as ELS under different conditions. Outcomes are
presented with the percentage of correct heard words [36]. Another study [31]
performed a telephone listening task where words and sentences of TES and
healthy speakers were transcribed. One more study [46] evaluated audio sam-
ples on intelligibility in ES and TES by phoneme confusion matrices. In this
study no overall intelligibility scores were given [46].

Comparative group outcomes are shown in Table 2.4. For the speech reha-
bilitation methods TES is mostly rated to have a better intelligibility compared
to ES and ELS. In two studies [30, 54]. including the level A rated study of
Eadie et al. [30], this is confirmed with significance [30, 54]. In one study, ES
is rated to have a significantly better intelligibility compared to ELS [54]. The
intelligibility of healthy speakers is rated as superior compared to the speech
rehabilitation methods. Two studies [31, 54], including the level A rated pub-
lication of Crosetti et al. [31], indicated that this difference was significant.

In one study [36], a comparison was made between the group of TES and a
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group of ES combined with ELS, and therefore, this study is not presented in
Table 2.4. TES scored significant better on intelligibility when communicating
with strangers in a situation where there was no face-to-face contact [36]. One
study [46] found that for TES, fricative consonants had the highest number of
confusions. Whereas in ES, nasals caused the highest number of confusions [46].
There was no significant difference with regards to intelligibility found between
ES and TES [46].

2.3.3 Patient-reported outcome

In Table 2.4 patient-reported outcomes (PROs) for the included studies are
presented. Comparative results for the different speaker groups are shown. Pre-
defined outcome variables, which were formulated in the research question but
not reported in the included studies, will not be discussed. This concerns the
EORTC QLQ-H&N35, and EORTCQLQ-C30. None of the studies compared
PROs on voice quality of healthy speakers with alaryngeal speakers. Therefore,
only comparative outcomes of the speech rehabilitation methods can be shown.

Voice Handicap Index

The Voice Handicap Index (VHI) was used in six studies [30, 39, 41, 50, 51, 53]
(n=296). Four level B studies [39, 41, 50, 53] used the full version of the VHI.
Two studies, including the level A rated study of Eadie et al. [30], used the ten
item version of the VHI [30, 51]. In two studies [41, 50] no mean outcomes per
speaker group were reported, only number of speakers per severity level were
reported. One study [39] compared TES to a group of speakers using other,
non-surgical voice restoration methods (EL, ES, mouthing, and writing). In
the present review, this comparison of TES with a heterogeneous group of
speakers was not taken into account (TES n=35 compared to non-surgical
voice restoration n=27) [39].

One study [51], reports significant better vocal functioning for ES compared
to the groups of TES and ELS [51] (Table 4). In the level A rated study of Eadie
et al. [30] no differences were found between TES and ELS. Although the scores
of TES were slightly better, these differences were not significant (Table 4) [30].
Additionally, three level B rated studies [41, 50, 53] did not find any significant
differences between groups. In one study [41] ES and TES both reported a slight
or moderate perceived voice handicap. In another study [50] ES, TES and ELS
reported a moderately perceived voice handicap, and no group differences were
found. Furthermore, the study of Tiple et al. [53], did not find any significant
differences between ES, TES and ELS. According to this study, however having
no communication method available at all leads to a significantly worse VHI
score compared to having ES as communication option [53].
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Voice-Related Quality of Life

One level B rated study [47] (n=75) used the Voice-Related Quality of Life
(V-RQOL) within the groups of ES, TES and ELS [47]. ES reported a better
V-RQOL compared to ELS. TES reported a better V-RQOL than ES and ELS.
The V-RQOL of TES was significantly better compared to ELS [47].

2.3.4 Summary of results

In Table 2.5 a summary of the significant differences between the speech reha-
bilitation is provided. Comparative studies of the three rehabilitation methods
themselves show that TES is rated as superior to ES for the acoustic outcome
measures F0, MPT and intensity [27, 33, 34, 52], whereas no acoustic data
is available for ELS in the included studies. According to the applied percep-
tual evaluations, TES is rated as superior to ES and ELS, with regards to
both voice quality and intelligibility. ES is superior to ELS for the perceptual
outcome measure intelligibility. In PRO studies, none of the speech rehabilita-
tion methods showed evidently better outcomes. One study reported significant
better outcomes for TES compared to ES [47], but another study showed the
opposite [51]. A level A rated study reports a similarly moderate degree of
perceived voice handicap in TES and ELS [30].

Table 2.5: Summary of table 2.4, studies that found a significant difference
between speech methods per outcome measure

TES>ES TES>ELS ES>ELS ES>TES
Fundamental Arias et al. [27] — — —
frequency Bellandese et al. [33]

Blood [34]
Siric et al. [52]

MPT Siric et al. [52] — — —

Intensity Siric et al. [52] — — —

Perceptual Williams&Watson Eadie et al. [30] — —
voice [54] Williams&Watson
quality [54]

Perceptual Williams&Watson
[54]

Eadie et al. [30] Williams&Watson
[54]

—

intelligibility Williams&Watson
[54]

PROs — Moukarbel [47] Salturk et al. [51] Salturk et al. [51]
> Indicating a better mean group outcome. Level of significance was held at p ≤ .05. Studies
presented in bold had a level A risk of bias. ES esophageal speakers, TES tracheoesophageal
speakers, ELS electrolarynx speakers, MPT maximum phonation time, V-RQOL voice-related
quality of life
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2.4 Discussion

This systematic review underlines that the three main TL speech rehabilita-
tion methods are acoustically and perceptually deviant from healthy speech.
In PROs no comparison is made between the substitute speech rehabilitation
groups and healthy speakers. Significantly better outcomes are reported for
TES compared to ES for the acoustic parameters, fundamental frequency, max-
imum phonation time and intensity. Perceptually, TES is rated with a signif-
icantly better voice quality and intelligibility than ES and ELS. None of the
speech rehabilitation groups reported evidently better outcomes in patient-
reported outcomes.

These outcomes need to be interpreted with caution. Only three of the 26
included studies are rated with a low risk of bias (level A). Most outcomes, thus,
stem from level B rated studies. The included studies contain small numbers of
patients, and inferential statistics is not always performed. In most studies the
methodology of the acoustic measurements was not specified, leading to possi-
bly incorrect outcomes. We found several extreme outliers in F0 and shimmer,
that we had to exclude because of this [41, 44, 52]. Difficulties in reliable mea-
suring intensity values are acknowledged, no absolute values are reported but
only outcomes within studies.

This systematic review shows once more that there is an urge for standard-
ized measurement tools for evaluations of substitute voice speakers. Auditory-
perceptual evaluations are often considered as being the gold standard for voice
and speech evaluation. However, the great dispersion between raters has to be
acknowledged. Researchers have proposed rating tools for standardized evalua-
tions [7, 16, 18]. Nevertheless, these are not yet generally adopted. An interest-
ing new approach is the development of automatic assessment tools, which are
designed to provide objective outcomes, with some promising results recently
being reported [56, 57]. Even though not all present automatic assessment tools
seem suitable for analyzing substitute voices, in our opinion this is the most
promising way to obtain objective voice outcomes.

The number of PRO studies that could be included in this review is limited.
The EORTC QLQ-H&N35 and EORTCQLQ-C30 were defined as relevant out-
come measure but not reported in the included studies. We did not find studies
which specifically report the outcomes on the speech domain of this question-
naires for the different speaker groups. The VHI and V-RQOL are generally
applied to evaluate vocal functioning after TL. The Communication and Par-
ticipation Item Bank (CPIB) is a recently developed questionnaire [30], which
is why it was not initially defined as an outcome of interest. However, the level
A rated study of Eadie et al. [30] showed strong correlations between the VHI-
10 and CPIB short form scores. In this study, the speech rehabilitation groups
were asked to judge their own voice quality and intelligibility. These outcomes
also strongly correlated with the CPIB short form scores. Therefore, the CPIB
short form can be seen as a useful tool to obtain patients’ opinion on vocal
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functioning which fits within the widely applied International Classification of
Functioning (ICF) [58].

TES has favorable outcomes on the acoustic variables F0, MPT and in-
tensity compared to ES. Both speech methods are generated within the same
sound source, the PE-segment. The most likely explanation for the more favor-
able acoustic voice outcomes in TES is that this type of speech is pulmonary
driven. It is feasible that with the pulmonary airflow, the tidal volume (roughly
5-600 ml) of TES, a more stable and better controlled airflow is created. The
higher pressure could lead to controlled hypertonicity or a movement of the
PE-segment to a more cranial position. This can be an explanation for the
higher F0 values which are found in TES. For ES only a minimal volume of
air is available, about 60-80 ml, which is roughly 2% of the lung capacity, and
controlling the pressure is not really possible [1]. This limited airflow and vol-
ume lead to a shorter phonation time for ES and, presumably, to a lower F0
and lower intensity.

No limitation in publication date was applied. Several studies published
in the 80’s and 90’s were included. During the 80’s ES was known as the
gold standard for speech rehabilitation, and TES was just introduced. It is
likely that ES was educated fairly well in this decade. Esophageal speakers
may have achieved more satisfactory outcomes in the earlier publication period
than present.

We assume that the result of the speech rehabilitation efforts plays a role
in self-reported outcomes. Especially ES patients often require a prolonged and
intensive rehabilitation period and success is not guaranteed. Therefore, ES
speakers could be more satisfied and proud of their accomplishments than TES
speakers, who acquire their speech more rapidly.

For the studies included in this systematic review, it is very likely that re-
cruitment bias exists. In most studies, recruiting and selection of participants
is not described. For the acoustic and perceptual outcomes, it can be assumed
that only speakers with a fairly good level of speech were included. Some au-
thors report this bias by mentioning that they only included excellent speakers
[27, 33, 34, 48, 52]. One study reported that all patients in the group of ELS
failed to achieve intelligible ES and five failed in TES [51]. Also, studies reported
that they had to exclude participants because of lack of speech performance
or had to exclude audio files from acoustic analysis due to lack of periodicity
[32, 37].

Obviously, there are more aspects influencing the acoustic, perceptual and
PROs of speech rehabilitation after TL. In Table 2.6 several of these aspects
related to the speech rehabilitation methods are listed. Valuable information
that can explain functional outcomes after TL is missing in the reported studies.
Most studies do not mention treatment details or time since TL. Furthermore,
information about offered speech rehabilitation methods and aggregate practice
time with the speech language pathologist is lacking. Knowledge of caretakers,
and differences in health care and insurance systems play a role in the speech re-
habilitation options that can be offered. Also, patients’ personal factors should
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be taken into account when offering speech rehabilitation. Medical problems
such as neurological disorders, causing a lack of dexterity or trainability, can
hamper any rehabilitation technique and influence the choice. Societal partic-
ipation, which includes family life and employment status also plays a role in
patients’ preference for a speech rehabilitation method.

Table 2.6: Aspects of the three speech rehabilitation methods with regards to
required equipment, costs and dependence on healthcare system [1, 48, 53, 59–
62]

Esophageal speech
(ES)

Tracheoesophageal Speech
(TES)

Electrolarynx speech
(ELS)

Mechanical or prosthetic
device required

No Yes Yes

Hand occupied during
voicing

No Yes/no, some patients are
able to use an automatic
speaking valve

Yes

Dependence on speech
language pathologist
(SLP)

Yes, nowadays fewer
SLP’s have knowledge
of providing ES ther-
apy

Yes, knowledge of voice pros-
thesis equipment and TES re-
habilitation is required

Yes

Duration of the therapeu-
tic process to functional
speech

Training time, mostly
concerns several
months

Useful speech is mostly
achieved within five training
sessions

Useful speech is mostly
achieved within five
training sessions

Financial implications No material costs.
More therapeutic costs
during often prolonged
training period.

Material costs, higher than
ES and ELS. Potential reim-
bursement issues. Lower ther-
apeutic costs that ES, compa-
rable to ELS.

Material costs, lower
than TES. Lower ther-
apeutic costs that ES,
comparable to TES.

Overall success achieving
useable speech

Low success rate High success rate High success rate

Besides voice quality, physical capacity, emotional well-being and social
functioning are also affecting general quality of life in TL patients [63, 64].
Poor general condition is negatively associated with successful voice rehabili-
tation [65]. Additionally, the extent of the surgery pays a role, e.g. in case of
a pharyngolaryngectomy even more functional speech problems and reduced
quality of life is reported [66].

2.5 Conclusions

This systematic review consists of 26 studies reporting on multidimensional
voice outcomes after total laryngectomy. Only three of these studies could be
rated with a low risk of bias. This number is insufficient to draw firm conclu-
sions. Most studies were rated with a unclear risk of bias because of flaws in
patient selection and methodology.

For acoustic outcomes, tracheoesophageal speech (TES) seems to be more
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comparable to healthy speech. Significantly better outcomes for fundamental
frequency, maximum phonation time and intensity are found in TES more than
in ES. TES seems to be most pleasant and comprehensible in the perceptual
evaluations, followed by esophageal speech. Speaking with an electrolarynx was
found to be least pleasant and comprehensible. For the PROs, all speaker groups
report a degree of voice handicap. However, none of the speech rehabilitation
methods were clearly indicated as achieving more satisfactory outcomes in self-
reported vocal functioning.
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CHAPTER 3

Multidimensional evaluation of voice outcomes following
total laryngectomy: a prospective multicenter cohort

study

Abstract

Purpose: The purpose of this study is to assess the general course of acoustic,
patient rated, and clinician rated voice outcomes from pre- up to twelve months
post-laryngectomy.

Methods: Patients admitted to a total laryngectomy in five participating
hospitals in Australia and The Netherlands were included. Assessments took
place at pre-, 3 months, 6 months, and twelve months post-surgery. Voice out-
comes are evaluated with the Acoustic Voice Quality Index (AVQI), perceptual
scales, and patient reported outcome measures including VHI-10 and EQ-5D-
5L. Statistical analyses include descriptive statistics, t-tests (pre- to 6 months
post-surgery), Linear Mixed Effect models.

Results: The study included 43 participants. A significant worsening of AVQI
is seen from pre- to post-surgery evaluated with t-test (p<.001). The Lin-

0Appeared as: van Sluis, K.E., van Son, R.J.J.H., van der Molen, L., McGuinness, A.J.,
Palme, C.E., Novakovic, D., Stone, D., Natsis, L., Charters, E., Jones, K., Dirven, R., van
den Brekel, M.W.M. “Multidimensional evaluation of voice outcomes following total laryngec-
tomy: a prospective multicenter cohort study.” European Archives of Oto-Rhino-Laryngoly,
1-14, 2020.
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48 3.1. Introduction

ear Mixed Effect model confirmed Time as a significant factor in predicting
AVQI score (p≤.001), as well as perceptual rated voice quality by the clini-
cian (p=.015) and patient-reported perceptual rated voice quality (p=.002).
No statistical significance was found in VHI-10 scores over time.

Conclusions: Successful tracheoesophageal speech was achieved in most par-
ticipants, some had to rely on augmentative alternative communication meth-
ods. Patient reported outcomes indicate acceptance of the condition and suffi-
cient coping on the long term. However, acoustic rated voice quality is abnormal
at all post-surgery time-points. AVQI proved to be a useful instrument to evalu-
ate tracheoesophageal speech. There is a need for validation and determination
of cut-off values for VHI-10 and AVQI for use in tracheoesophageal speech.

3.1 Introduction

One of the most important rehabilitation goals after total laryngectomy is voice
rehabilitation. To compensate for the loss of voice, patients ideally rehabilitate
speech with a voice prosthesis, so called tracheoesophageal speech [1–3]. If this
is not possible, alternative communication methods include esophageal speech,
electrolarynx speech, or augmentative alternative communication. Successful
tracheoesophageal speech after laryngectomy is not guaranteed as outcomes
in intelligibility, voice quality, and experienced voice handicap varying vary
strongly between laryngectomized patients.

To evaluate voice outcomes, it is recommended to use multi-dimensional
analysis which combines objective and subjective outcome measures [4]. Voice
recordings of connected speech and sustained phonation can be used to objec-
tively measure voice outcomes with acoustic analysis, focusing on pitch, pertur-
bation, and harmonics-to-noise ratio. The Acoustic Voice Quality Index (AVQI)
is a widely used measure reflecting a number of acoustic outcomes in one score
[5, 6]. Subjective measures, on the other hand, include clinician and patient
rated perceptual evaluation of voice and speech, and Patient Reported Out-
come Measures (PROMs) assessing Quality of Life (QoL) and speech related
QoL.

Little is known about the course of voice outcomes in the first year after
surgery [2]. Present studies, prospectively assessing the course of QoL and re-
ported voice problems, demonstrated that, in the long term, health related QoL
and speech related QoL improve post-surgery compared to pre-laryngectomy
[7–12]. Before laryngectomy QoL is often lower compared to reference standard
due to initial organ preservation treatment or by the tumour itself [7, 8]. Im-
mediately after laryngectomy QoL scores drop even further. The following year
after surgery some patients recover back to baseline whilst some do not recover
[7, 8]. For longitudinal QoL studies there is a significant selection bias, as pa-
tients whose health problems prevent their participation through the duration
of the study, are often excluded from study analysis, which may result in over
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optimistic QoL outcomes [7, 13–15]. Studies reporting acoustic voice outcome
after total laryngectomy often compare different groups of voice restoration
methods, and most report only on sufficient or even excellent speakers, po-
tentially leading to selection bias [2, 16–18]. Despite this, several studies have
demonstrated that poorer speech related QoL is associated with lower health
related QoL scores after total laryngectomy [19, 20].

Prospective multidimensional evaluation over all groups of substitute-voice-
speakers after laryngectomy has not yet been described in the literature. This
study aims to assess the change of acoustic, patient rated, and clinician rated
voice outcomes from pre- up to twelve months post-surgery. These outcomes
could potentially play a role for both patients and clinicians to assist them in
counselling and decision-making regarding treatment and rehabilitation.

3.2 Methods

3.2.1 Study design

A prospective multicenter design was conducted over five hospitals. Data was
collected between April 2015 till May 2019 in the following institutes: The
Netherlands Cancer Institute, The Netherlands, Amsterdam; Chris O’Brien
Lifehouse, Sydney, Australia; Westmead Hospital, Sydney, Australia; Liverpool
Hospital, Sydney, Australia; Royal Prince Alfred Hospital, Sydney, Australia.
Ethical clearance was obtained for the Netherlands Cancer Institute (number
IRBd18005 / N18VOQ) as well for the Australian sites (Protocol no X16-0287
& HREC/16/RPAH/367).

Patients eligible for total laryngectomy were approached to participate. In-
clusion criteria were: over 18 years of age, curative intent laryngectomy, physi-
cally and cognitively able and willing to perform assessments. Informed consent
was obtained from all participants. When participants during the course of the
study were palliated or died, follow-up assessments were cancelled.

Data were collected at four time-points for each participant: prior to total la-
ryngectomy (T0), three months (T1), six months (T2), and twelve months (T3)
post-surgery. Study assessments included perceptual evaluation, voice record-
ings and patient reported outcome measures (PROMs). Data collection was
performed by an experienced Speech Language Pathologist (SLP). Voice record-
ings included reading aloud a text, phonation of the vowel /a/ at normal pitch,
as well as low, high, soft and loud.

Visual Analogue Scales (VAS) were used to perceptual rate voice quality,
resulting in a score of 0 to 10, with 0 representing worst and 10 indicating the
best voice quality. Perceptual scores were provided by the clinician as well as
the participant, resulting in the variables Perc. Voice SLP and Perc. Voice Pt.
The use of this VAS perceptual scales are derived from a dedicated perceptual
rating scale for substitute voices [21].

PROMs consisted EQ-5D-5L and Voice Handicap Index 10 item version
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(VHI-10). The EQ-5D-5L is a validated patient-report questionnaire that as-
sesses a patient’s current health related QoL [22]. It consists of 5 dimensions:
mobility, self-care, daily activities, pain/discomfort and anxiety/depression.
The final continuous outcome ranges from 0 to 1, a higher score indicates
better health related QoL [22]. Scores were interpreted with the Dutch country
specific reference values [23]. The VHI-10 assesses experienced voice handi-
cap [24]. VHI-10 includes ten questions covering three sub-themes: functional,
physical and emotional. The total VHI-10 continuous outcome is a score rang-
ing from 0 to 40, a higher score indicates a greater handicap. Scores above
11 are considered as abnormal [20, 24–26]. The VHI-10 is a widely used and
validated questionnaire, although not specifically validated for use after total
laryngectomy.

3.2.2 Demographics and oncological history

Demographics and oncological history were collected during the first and second
assessment. Demographic variables included sex and age at time of surgery. On-
cological history included tumour site, T-stage, and N-stage as defined by the
pathologist post-surgery, timing of (chemo)radiotherapy, and primary, func-
tional or salvage indication for total laryngectomy. Surgery specific data in-
cluded neck dissection, neopharyngeal reconstruction, tongue base resection,myotomy
of the upper esophageal sphincter, primary voice prosthesis placement, and
secondary voice prosthesis placement. In the finalizing phase of the study the
variables were checked with information retrieved from the local data desk.

3.2.3 Acoustic analysis

Segmentation, acoustic analysis, and obtaining AVQI scores is performed using
Praat [27]. The main outcome measure Acoustic Voice Quality Index (AVQI)
requires recordings of a sustained vowel /a/ and a read aloud text [5, 6]. Sus-
tained /a/ sounds of at least three seconds were used. If no single realization of
3 seconds was available, realizations were concatenated. From the read aloud
text or read aloud sentences four seconds of connected speech was used. If
these included long pauses, these were removed. The AVQI algorithm includes
the cepstral peak prominence, harmonics-to-noise ratio, shimmer local, shim-
mer local dB, as well as the slope and tilt of the regression line through the
long-term average spectrum. When incorporated into Praat, the analysis script
estimates an AVQI score, which ranges from 0 to 10. A lower score indicates
a better voice quality, >2.95 is the cut-off point, scores above are indicated as
distorted. Participants who were unable to produce voice post-surgery but did
perform the assessment were rated with an AVQI score of 10.
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3.2.4 Statistical analysis

The data is analysed with help of IBM SPSS software to perform descriptive
statistics [28] and R [29] for inferential statistics and modelling. No sample
size calculation was performed since numbers of inclusion were based on the
available patients admitted to TL.

Study sample characteristics were tabulated and visualized. Primary out-
comes were VHI-10, AVQI, Perc. Voice SLP, and Perc. Voice Pt. Paired t-tests
between T0 and T2 were performed with statistical significance level set at
p≤.05. To investigate treatment variables, three oncologic treatment variables
were transformed to dichotomous variables, including a) primary surgical treat-
ment vs. salvage surgical treatment, b) primary closure vs. major reconstruction
of the neopharynx, and c) a History of CRT vs. RT. The variable c) History
of CRT vs. RT proved to be redundant and was dropped. Definitions of the
definite chosen variables are shown in Table 1 .

Table 3.1: Transformed oncological treatment factors into dichotomous vari-
ables

Variable Includes participants with

Treatment
Primary surgical Total laryngectomy as a primary cancer treatment
treatment Total laryngectomy as a treatment for a secondary

primary tumour
Salvage surgical
treatment

Total laryngectomy as a salvage treatment in case of
recurrent disease
Total laryngectomy as a treatment for a dysfunc-
tional larynx

Reconstruction
Primary closure Primary closure of the neopharynx
Major reconstruc-
tion

Major reconstruction of the neopharynx with the use
of flaps including a Pectoralis Major-flap, free flap or
gastric pull up

Correlations between primary outcome measures are investigated using lin-
ear mixed effect models with (pseudo) R2 andChi-square ANOVA on Y ∼ X
+(1|Subject) + (1|T) against Y ∼ 1 +(1|Subject) +(1|T). Scatter plots are
made for visualization (Appendix I, II). Because of multiple testing we used
Bonferroni correction and adapted alpha to ≤.01

To estimate the importance of the factors studied for outcomes in VHI-
10, AVQI, and perceptual rated voice quality overtime, linear mixed effect
models were created (Appendix III, IV, V). The model analyses the relationship
between AVQI,VHI-10, and Perc. Voice SLP on the one hand and the fixed
effects Time (T0, T1, T2, T3), Treatment (primary surgery vs.salvage), and

00000 -17x24_BNW.indd   6100000 -17x24_BNW.indd   61 22-10-20   14:2322-10-20   14:23



52 3.3. Results

Reconstruction (Primary closure vs. Major reconstruction) on the other hand.

3.3 Results

3.3.1 Study sample

Inclusion, follow-up, and availability of data at the assessments are shown in
the flow chart in Figure 1. Over all sites there was a total of 72 possible can-
didates who underwent total laryngectomy in the study time frame, of whom
43 were included in the study. Thirty-four from the Netherlands, nine from the
Australian sites. Reasons for exclusion were: decline to participate (n=8), live
out of area (n=7), missed by the clinician (n=11), total laryngectomy in com-
bination with total glossectomy (n=1), no medical information and follow-up
assessments available (n=2).

Patient characteristics are shown in Table 2. The majority of the included
participants were male (n=33;77%), mean age was 64 years old at time of
surgery (range 43-84). For 19 participants (44%) the total laryngectomy was
the primary surgical treatment, in 24 cases 56% total laryngectomy was a sal-
vage treatment. In 16 participants (37%) of the cases primary closure of the
neopharynx was performed, major reconstruction was needed in 27 (63%) of
the cases. The Australian patients (n=9) did not differ substantially from the
Dutch. Within the Australian group all patients were male, for 33% (n=3) total
laryngectomy was the primary treatment, 78% (n=7) had a major reconstruc-
tion of the neopharynx.

Before surgery 16 participants (37%) had a tracheostomy, which influences
their communicative abilities. Although a high number of participants received
a voice prosthesis, satisfactory voice rehabilitation with tracheoesophageal speech
was not accomplished in all cases. Methods of communication are tabulated in
Table 3. In total, 93% of the participants received a voice prosthesis, 79%
(n=34) received primary puncture, 14% (n=6) secondary puncture. Seven per-
cent (n=3) did not receive a voice prosthesis. Verbal communication with tra-
cheoesophageal speech was documented in 17 out of 27 participants at T1, 22
out of 25 participants at T2, and 20 out of 22 participants T3.

Of the total group, 30% (n=13) died within the first year after surgery and
were excluded from the analysis. Two thirds of this group (n=9) did not achieve
tracheoesophageal speech, they had to depend on augmentative alternative
communication. Most of this group (n=7) did receive a voice prosthesis but
could not use this due to postoperative complications such fistulas, only two
participants in this group did not receive a voice prosthesis due to medical
issues.
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Patients planned for TL (n= 72) 

Inclusion period: 
NCI: April 2015 – May 2018 

SYD: March 2017 – May 2019 

Excluded  (n= 29) 
♦  Not meeting inclusion criteria (n= 1) 
♦  Declined to participate (n= 8) 
♦  Missed by clinician (n= 11) 
♦  Out of area, follow-up elsewhere (n= 7)  

♦  Excluded from analysis no medical and 
surgical information, no follow-up (n= 2) 

 

Data of (n=43) 
♦   Assessment (n=37) 
♦   Questionnaires (n=41) 
♦   Voice recording (n=40) 

Included  (n=45) 
 

 

Enrollment 

T0 - pre assessment  

T1 - 3 months post  

T2 - 6 months post  

T3 - 12 months post  

Lost to follow-up (n=12) 
♦   Palliated / died (n=10) 
♦   Declined further participation 
(n=1) 
♦   Referred to hospital out of 
area (n=1) 
 

Data of (n=31) 
♦   Assessment (n=28) 
♦   Questionnaires (n=26) 
♦   Voice recording (n=19) 

Lost to follow-up (n=2) 
♦   Palliated / died (n=2) 
 

Data of (n=29) 
♦   Assessment (n=27) 
♦   Questionnaires (n=24) 
♦   Voice recording (n=27) Lost to follow-up (n=6) 

♦   Palliated / died (n=1) 
♦   Declined further participation 
(n=3) 
♦   Medical complications (n=2) 
 

Data of (n=23) 
♦   Assessment (n=20) 
♦   Questionnaires (n=20) 
♦   Voice recording (n=19) 

Excluded  (n= 2) 
♦  No medical information, no 

follow-up (n= 2) 
 

Figure 3.1: Flow-chart of study inclusion and follow-up of participants.

3.3.2 General course of self-reported outcomes and acous-
tic voice quality

Mean scores for EQ-5D-5L, VHI-10, AVQI, Perc. Voice SLP, and Perc. Voice
Pt for the total group and the defined sub-groups for the time points T0 (pre-
surgery), T1 (3 months post), T2 (6 months post), and T3 (12 months post)
are shown in Table 4. Primary outcome measures show high variation, which
is demonstrated by the large standard deviation provided in Table 4. Figure
2 shows the course over time, scaled 0-10, a higher score indicating better
outcome. After surgery a worsening of all voice related values is seen, which
gradually improves over time. Statistical significance was reached for AVQI
(p<.001) for difference of T0 to T2, for the other outcome measures no statis-
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Figure 3.2: Graph visualizing mean scores for the total group for EQ-5D-5L, VHI-10,
AVQI scores, Perc. Voice SLP, and Perc. Voice Pt. at each time point. EQ-5D-5L and
VHI-10 scaled 0-10, AVQI and VHI-10 inverted. For easier interpretation we inverted
and scaled all outcome measures 0-10.
Abbreviations: EQ-5D-5L: scores are obtained with the EQ-5D-5L and range from 0
to 1, AVQI: Acoustic Voice Quality Index (range 0-10); Perc. Voice SLP: Perceptual
rated voice quality by the SLP (visual analogue scale 0-10); Perc. Voice Pt: Perceptual
rated voice quality by the participant (visual analogue scale 0-10).

tically significant difference was found with paired t-test.
Worst mean EQ-5D-5L values are reported at T0, mean 0.712 (SD 0.203)

(Table 4). Over time a gradually improvement of mean EQ-5D-5L values are
seen. At T3 the mean EQ-5D-5L value is 0.830 (SD 0.164), which is equivalent
to the reference value of 0.839 (SD 0.179) determined for the Dutch general
population aged 60-70 years [23]. Before surgery 70% of the participants report
a score lower than this reference value, Figure 3 shows that there is an improve-
ment in participant reported scoring with only 48% of participant scores being
outside normal limits.

Mean values for VHI-10 were at all assessment time points above 11, which
is indicated as disordered [26]. Before surgery participants report a mean VHI-
10 score of 16.7 (SD 10.6), this worsens at T1 with a mean score of 20.3 (SD
10.0), and over time gradually improves back to baseline level at T3 with a score
of 15.8 (SD 12.0). Figure 3 visualizes the percentage of participants reporting
a score above 11, which is before surgery 71%, At T2 87%, declining to 50% at
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Figure 3.3: Graph visualizing participants (%) with unsatisfactory (abnormal) scores
over time for EQ-5D-5L, VHI-10, and AVQI.

T3. When investigating individual course, a response shift is seen after surgery;
Some participants expressed they were happy to be alive and satisfied with
the fact that they can express themselves verbally, they indicate quality of the
sound of the voice as less important, whilst during pre-surgery assessment their
VHI-10 was clearly impaired.

The mean AVQI score rising from 3.57 (SD1.69) at T0 to 8.07 (SD 2.77) at
T2 indicates a clear deterioration of acoustic voice quality after surgery (Figure
2). At all assessment time points participants voices are dysphonic, with a mean
AVQI score above 2.95. AVQI scores remain impaired and never reach baseline
level again. Figure 3 shows that 58% of the participants have an AVQI score
indicating impairment at T0, this increases to 100% at T1 and T2. At T3,
numbers are still increased to 90% of the participants.

A similar course of perceptual outcome evaluations by the clinician and the
participant are found, T0 scores are: Perc. Voice SLP score 4.65 (SD 2.58),
and Perc. Voice Pt score 4.65 (SD 2.58), deterioration is seen at T1, gradually
improving over time. At the time-points T1-T3 mean Perc. Voice SLP scores
are consistently about 0.5 points higher compared to the perceptual evaluation
of the participant.
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3.3.3 Correlations between outcome measurements

When outcomes for the multidimensional assessment methods assessed over
time are pooled, strong correlations are found between the dimensions of voice
related outcomes. Correlations between the multidimensional voice related out-
comes are statistically significant (see appendix I). No statistically significant
correlation is found between AVQI and EQ-5D-5L (p=.228).

Correlations between the outcome measurement instruments for the post-
surgery time-points (T1-T3) show statistically significant correlations between
voice related outcomes (see Appendix II). Statistical significance is lost for voice
related outcomes with QoL, seen in the correlation between VHI-10 and EQ-5D-
5L (p=.021), and AVQI and EQ-5D-5L (p=.467). AVQI and VHI-10 (p=.017)
still correlate strongly but this is not statistically significant with statistical
level set at p≤.01. With investigation of the correlation between VHI-10 and
AVQI for the post-surgery time points (T1-T3) an AVQI cut-off score of 6
would be indicative for a VHI-10 score >11, indicating an unsatisfactory voice
after total laryngectomy.

3.3.4 Predictors of voice outcome

We created linear mixed effects models to explore the effect of Treatment,
Reconstruction, and Time studied for the main voice outcomes VHI-10, AVQI,
Perc. Voice SLP, and Perc. Voice Pt. Time is indicated as a significant factor
in predicting AVQI score (p≤.001), Perc. Voice SLP (p=.015), Perc. Voice Pt.
(p=.002) but not for VHI-10 (p=.368). Modelling predicted outcomes for the
groups for a) primary surgical treatment vs. salvage surgical treatment and b)
primary closure vs. major reconstruction did not reach statistical significance.

3.4 Discussion

In our study, quality of life, measured with EQ-5D-5L, is lowest before surgery.
It is known that levels of anxiety and self-care are severely impacted before as
well as up to 14 days post-surgery [7, 30, 31]. We observe improvement at the
three months post-surgery assessment, it is likely that patients have begun to
adjust to their condition compared to 14 days post-surgery. In the long term,
at 12 months post-surgery, mean score for the total group, is comparable to
reference values for the age group above 60 years old [23]. This positive result
might be influenced by drop-out of patients who were excluded due to mortality,
nevertheless, it indicates that the remaining patients are fairly well adjusted
to their condition. This general course of worsening after surgery and gradual
improvement over time, corresponds to findings of earlier studies assessing the
course of QoL [7, 8].

Mean values for VHI-10, were at all assessment time points above 11, which
is indicated as having a voice handicap [25, 26]. This is in line with earlier
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studies showing patient-reported voice problems as a result of tumour presence,
tracheostomy and earlier organ sparing oncologic treatment, as well as after
total laryngectomy [2, 32, 33]. It is acknowledged that the VHI and VHI-10 are
not specifically validated for use after total laryngectomy. A study of Moerman
et al. has introduced a corrected VHI score (30 item version) specifically to use
after TL, which copes with unanswered items [34]. This is useful, since not all
questions apply after TL. Future studies could develop this corrected score for
the VHI-10, validate the instrument for use after TL, and determine a cut-off
score.

The acoustic voice outcomes, measured with AVQI, are impaired at all time-
points. However, we found a significant deterioration after total laryngectomy.
Both t-test (pre- to 6 months post-surgery) and Linear Mixed Effect modelling
showed statistical significance (both p<.001 resp.) Earlier research showed a
strong correlation between AVQI and perceptual rated voice quality [35]. This
study again shows strong correlation between AVQI and perceptual rated voice
quality, as well as between AVQI and VHI-10, indicating that these tools mea-
sure the same construct. With the confirmation of the AVQI correlating to
perceptual outcomes, as well as detecting differences over time, there is justifi-
cation for AVQI use in tracheoesophageal speech samples [4, 36]. In this study,
an AVQI score of ≥6 correlates with a VHI-10 score >11. This cut-off should
be validated in a larger study.

We find a statistically significant effect of time in perceptual outcome evalu-
ations of voice quality by the clinician as well as the participant (LME model).
There is a clear deterioration in perceptual rated voice quality and intelligibility
after surgery followed by a gradual improvement over 12 months.

No effect is found for the investigated oncologic treatment variables a) pri-
mary surgical treatment vs. salvage surgical treatment and b) primary closure
vs. major reconstruction. It is known that oncological history of CRT nega-
tively influences complication rates including fistula, and stricture [37, 38], but
we found no influence on QoL or voice outcomes. Earlier literature showed in-
ferior voice quality in patients with total laryngectomy who received a major
reconstruction of the neopharynx [39]. Previously, Jacobi et al. also reported
optimal voice characteristics in tubed flap reconstructions [40]. This shows that
the voice after flap reconstruction can be comparable as after primary closure.
However, we could not confirm that, the low number of patients did not allow
us to look at specific reconstruction techniques.

3.4.1 Strengths and limitations

To our knowledge, this is the first study prospectively assessing a combination
of acoustic, patient rated, and clinician rated voice outcomes from pre- up
to twelve months post-surgery. The prospective character of the study aims
to overcome a selection bias of including only excellent speakers. The unique
approach with assessing acoustic, self-reported and perceptual outcomes over
time provides information about the course of voice outcome and QoL. With
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the combination of instruments which are used, effectiveness and responsiveness
of the instruments for changes over time are evaluated. By conducting this
study in five hospitals in two countries, a variety of patients, languages, and
treatment strategies are involved. We evaluated effects of medical detail on
voice outcome, and although the number of participants of our study led to
no significant results in medical history factors, this framework is useful for
ongoing work.

This study has some limitations. Due to the small sample size, multiple
assessments, and the variety of outcome measures we were forced to perform
the LME modelling on summarized dichotomized variables. With restructuring
variables into dichotomous variables information about details in the surgery
are lost, e.g. Major Reconstruction is used as a summarized variable which orig-
inally included details on type and extent of (flap) reconstruction. Although
all evaluation tools are widely used, they are not validated for use after TL.
By conducting this study as a prospective cohort study, we aimed to overcome
selection bias; nevertheless, a number of participants were not included, as-
sessments were missed due to logistic reasons and medical complications, and
participant mortality were excluded from the study. Therefore, outcomes are
collected from patients who are alive and willing to fulfil study related proce-
dures, which may lead to overestimation of the outcomes. We anticipated on
evaluating different voice methods, e.g. esophageal speech and electrolarynx
speech. In this cohort, however, no esophageal speakers were present and only
two participants used electrolarynx speech. Therefore, no sub-group analysis
between voice methods could be performed.

3.4.2 Recommendations for clinical practice and future
research

Thirty per cent (n=13) of participants did not complete the study due to
mortality. Sadly, nine participants did not reach acceptable (TE-)speech and
had to depend on augmentative alternative communication methods such as
typing, writing and mouthing in the palliative phase of their life. For clinical
practice, it is recommended to inform patients about the possibility to end-up
without sufficient tracheoesophageal speech, especially when prognosis is poor.

The instruments in this study have shown to be useful to detect a differ-
ence over time from pre- to one year post-surgery. Former studies that have
evaluated voice outcomes after total laryngectomy utilise a wide variety of mea-
surement tools and time points after surgery [2, 4]. AVQI, VHI-10, EQ-5D-5L,
and VAS scales for perceptual ratings, used in our study, proved to be sensitive
to detect differences over time from pre- to post-surgery. Sensitivity is lacking
when differences between treatment groups and over time post-surgery have to
be detected. Continued efforts are needed to establish the optimal tools, and
validate these instruments for research and clinical practice in this population.

Improvement for patient-reported voice functioning and QoL at twelve months
post-surgery was found, whilst AVQI score remains altered (Figure 3). This
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could be interpreted as a response shift with a change of internal standards,
values, and meaning of QoL [41]. The response shift could be explained by the
ability of human beings to adapt to life events. Investigating this response shift
specific for the head and neck cancer group is an important issue for further
research. To develop a full picture of what speech related QoL means for in-
dividuals before and after a total laryngectomy we suggest to perform studies
with a combination of acoustic, patient rated, and clinician rated methods, to
explore how speech related QoL is related to these measures.

3.5 Conclusion

Outcomes show that voice-related outcomes are already impaired before surgery,
all worsen after surgery with a gradual improvement from six up to twelve
months post-surgery. A response shift is seen in VHI-10, were acoustic mea-
sured voice quality worsen, reported voice handicap indicates acceptance of the
condition and sufficient coping in the long term.

The study leads to recommendations for clinical practice; before total laryn-
gectomy, patients should be counselled on the expected course of voice prob-
lems after surgery, with a focus on the long-term acceptable outcomes which
are reached in TE-speakers. The discrepancy between reported voice hand-
icap and objective acoustic rated voice quality, clearly demonstrates that a
patient’s adjustment to post-laryngectomy dysphonia does not solely rely on
their acoustically measured voice quality. As such, clinicians should utilise a
range of measures – both acoustic (instrumental) and patient or clinician re-
ported, to comprehensively analyse a patient’s vocal ability. Lastly, patients
should be prepared for the possibility that they might not accomplish accept-
able tracheoesophageal speech during their post-treatment phase, especially
when medical complications occur, or oncologic treatment fails. This may be
more common in the salvage procedures.

The findings of this study have implications for future research. A specific
AVQI cut-off value for tracheoesophageal speech should be determined, as well
as assessing the discriminative power of this instrument in this type of speech.
Validation of the VHI-10 specifically for use after total laryngectomy is needed.
We demonstrate a change in response of patient-reported outcomes after total
laryngectomy in the relation to acoustic outcomes. Patient reported outcome
measures reflect the way patients accept their condition and cope with their
permanent altered speech. This is likely to vary depending on their access to
support (medical, nursing and allied health, funding and equipment, support of
family and friends). Future research in vocal functioning after total laryngec-
tomy should expand beyond vocal impairment, evaluating psychosocial conse-
quences and participation restrictions. Simultaneously, investigating the effect
of medical history, including oncologic treatment factors on voice outcome, can
ultimately lead to personalized pre-surgery counselling.
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Appendix I

Correlations between the outcome measurement instruments for all time points
(T0-T3) show statistically significant correlations between AVQI and VHI-10
(p<.001), Perc. Voice SLP and VHI-10 (p<.001), Perc. Voice pt and VHI-10
(p<.001), Perc. Voice pt and AVQI (p<.001), Perc. Voice pt and Perc. Voice
SLP (p<.001), Perc. Voice SLP and AVQI (p<.001) and between VHI-10 and
EQ-5D-5L (p=.003). No statistically significant correlation is found between
AVQI and EQ-5D-5L (p=.228).

Figure 3.4: Correlation between outcome parameters for all time points.Numbers
indicate T (T0-T3). Y ∼ X + (1|Subject) R^2: pseudo R2 (explained variance fixed
factors); p: > Chi square (ANOVA vs Y ∼ 1 + (1|Subject)). Abbreviations: 0= pre-
laryngectomy; 1= 3 months post-laryngectomy; 2= 6 months post-laryngectomy; 3=
12 months post-laryngectomy.
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Appendix II

Correlations between the outcome measurement instruments for post-operative
time points (T1-T3) show statistically significant correlations between Perc.
Voice SLP and VHI-10 (p<.001), Perc. Voice pt and VHI-10 (p<.001), Perc.
Voice pt and AVQI (p<.001), Perc. Voice pt and Perc. Voice SLP (p<.001), and
Perc. Voice SLP and AVQI (p<.001). No statistically significant correlation is
found between AVQI and EQ-5D-5L (p=.228), AVQI and VHI-10 (p<.017),
and between VHI-10 and EQ-5D-5L (p=.021).

Figure 3.5: Correlation between outcome scores for the post-laryngectomy time-
points. Numbers indicate T (T1-T3). Y X + (1|Subject) R^2: pseudo R2 (explained
variance fixed factors); p: > Chi square (ANOVA vs Y 1 + (1|Subject)). Abbre-
viations: 0= pre-laryngectomy; 1= 3 months post-laryngectomy; 2= 6 months post-
laryngectomy; 3= 12 months post-laryngectomy.
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Appendix III

Figure 3.6: AVQI as a function of time point and treatment. AVQI Time * Ind. *
Rec. Pseudo R2: 0.440 (R2m fixed factors), 0.519 (R2m complete model). ANOVA:
1 vs Time: p < 6.28e-12. Abbreviations; Ind.: Indication, Rec.: Reconstruction, PT:
Primary surgical Treatment, ST: Salvage surgical Treatment, PC: Primary closure,
MR: Major reconstruction. Time points: 0 = pre, 1 = 3m, 2 = 6m, 3 = 12m.
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Appendix IV

Figure 3.7: Perceptual Voice evaluation as a function of time point, reconstruction,
and treatment indication. SLP Voice Time * Ind. * Rec. Pseudo R2: 0.147 (R2m fixed
factors), 0.434 (R2m complete model). ANOVA: 1 vs Time: p < 0.015. Abbreviations;
Ind.: Indication, Rec.: Reconstruction, PT: Primary surgical Treatment, ST: Salvage
surgical Treatment, PC: Primary closure, MR: Major reconstruction. Time points: 0
= pre, 1 = 3m, 2 = 6m, 3 = 12m.
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Appendix V

Figure 3.8: VRQOL score as a function of time point and treatment. VRQOL score
Time * Ind. * Rec. Pseudo R2: 0.168 (R2m fixed factors), 0.281 (R2m complete
model). ANOVA: 1 vs Time: p < 0.368. Abbreviations; Ind.: Indication, Rec.: Re-
construction, PT: Primary surgical Treatment, ST: Salvage surgical Treatment, PC:
Primary closure, MR: Major reconstruction. Time points: 0 = pre, 1 = 3m, 2 = 6m,
3 = 12m.
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CHAPTER 4

The acoustic contrast between the Dutch consonants /t/
and /d/ is reduced in tracheoesophageal speech

Abstract

The purpose of this study is to describe the acoustic changes of the consonants
/t/ and /d/ in Dutch speaking individuals before and after total laryngectomy.
The speech of seventeen participants was recorded before and after treatment.
Eighteen tokens from a read-aloud text were obtained with /t/ or /d/ in initial
position. Prevoicing, burst duration and duration of the vowel following the
consonant were analyzed. The results show that the acoustic contrast of the
/t/ and /d/ in initial position is reduced after treatment. Post-operatively, the
presence of prevoicing of /d/ decreases, and burst duration increases. In the
post-operative situation, therefore, /d/ becomes more similar to /t/ acousti-
cally.

4.1 Introduction

A total laryngectomy implicates surgical removal of the larynx. This procedure
is mostly carried out because of advanced laryngeal cancer. With the removal
of the larynx the natural voice is lost and individuals have to regain speech

0Appeared as: van Sluis, K., Kapitein, M., van Son, R., Boersma, P. “The acoustic contrast
between the Dutch consonants /t/ and /d/ is reduced in tracheoesophageal speech.” Proceed-
ings of International Congress of Phonetic Sciences ICPhS 2019, 5-9 August, Melbourne,
Australia, 2019.
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with the help of a substitute voice. The preferred substitute voice method in
the Netherlands is tracheo-esophageal speech, with help of a voice prosthesis.
Voice is generated by vibrations of the pharyngo-esophageal segment. Tracheo-
esophageal speech is usually perceived as rough, irregular and reduced in dy-
namic range [1]. Several studies have described the acoustic characteristics of
tracheo-esophageal speech [2–4]. Weak periodicity and a high noise component
are characteristics of tracheo-esophageal speech [5]. Tracheo-esophageal speak-
ers have higher values for jitter and shimmer compared to laryngeal voices [1].
This is a result of using the PE-segment as voicing source, as the tissue is less
suited to sustain stable vibrations compared to the vocal folds. Jitter and shim-
mer will not be discussed in this paper. The focus is on fundamental frequency
(F0), harmonics-to-noise ratio (HNR), percentage voiced (%V), and maximum
voicing duration (MVD).

The main difficulties for tracheo-esophageal speakers regarding intelligibil-
ity are in the production of word-initial consonants, rather than consonants in
word-final position [6]. Tracheo-esophageal speakers also encounter difficulties
distinguishing between voiced and voiceless consonants, voicing vowels, main-
taining pitch, phrasing, and producing /h/ and /k/, the consonants that are
produced in areas most affected by the operation [6].

According to Jongmans et al. [6], listeners often confuse laryngectomees’ ini-
tial plosives. In Dutch, word-initial voiced plosives are produced with prevoicing
(a negative voice onset time), while voiceless plosives are produced without as-
piration (zero voice onset time) [7]. Van Alphen [7] suggests that presence of
prevoicing is the most reliable cue to voicing distinction for listeners. In the
study of Jongmans et al. [6] prevoicing is not taken into account. Jongmans et
al. [6]suggest that in tracheo-esophageal speech, the speaker’s effort to create
a voicing contrast affects the duration of the burst of the plosive as well as
the duration of the following vowel. The aim of this research was to investigate
how the acoustic features (prevoicing, burst duration and vowel duration) of
initial plosives /t/ and /d/ change in Dutch speaking individuals before and
after total laryngectomy.

4.2 Methods

4.2.1 Participants

Seventeen subjects who underwent total laryngectomy were included in the
study (2 female, mean age 65, range 47-78). Participants were included in this
study when a pre- and post-treatment recording was present. Subjects in pallia-
tive setting were excluded. All participants did receive speech language therapy
sessions, until satisfactory speech was reached. Post-treatment recordings were
made after on average 6 months after total laryngectomy (range 3-35). This
study has been approved by the Institutes Research Board (registration num-
ber IRBd18005).
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4.2.2 Data collection

Recordings are made during regular appointments at the speech language pathol-
ogist. Over time, three different microphones were used during consultations;
HS5 Samson Aerobic Headset Mini Jack/XLR STAGE 55/CONCERT 77/AKG
Version, Shure SM10A-CN headset with a Blue Icicle USB microphone pream-
plifier and Samson Qv10e micro-phone. Participants were instructed to pro-
nounce a sustained /a/ as long as possible and to read aloud a Dutch text of
neutral content (Tachtig dappere fietsers ’eighty brave cyclists’). In this text,
18 token words occurred (9 starting with /t/, 9 starting with /d/). For two
participants, only the first and last two sentences of this text were recorded,
since they had difficulty reading the text in its entirety resulting in 11 tokens.

4.2.3 Acoustic analysis

Speech recording data were processed in Praat [8]. Voicing characteristics be-
fore and after treatment are analyzed on sustained /a/, to check whether voice
contrast analysis is possible. All /a/ recordings were cut to a length of 2.0
seconds of the most stable part (as done in van As-Brooks et al. [3]), to en-
sure optimized and similar data for all participants. The measured acoustic
parameters are: F0 (median/SD), percentage voiced (%V), Maximum Voicing
Duration (MVD), and Harmonics-to-Noise Ratio (HNR). Pitch was determined
with the standard settings of the To Pitch command using the cross-correlation
method with the exception of: pitch floor 40 Hz, ceiling 200 Hz; voicing thresh-
old 0.40. The median F0 was determined as the median value of all the voiced
frames. %V was determined by counting the number of voiced and unvoiced
frames as determined by the Pitch algorithm. MVD was taken as the longest
voiced segment after an automatic annotation with the To TextGrid (vuv):
0.2, 0.1 command. HNR was calculated adapted from van As-Brooks et al. [3]
as the smoothed maximum found after calculating To Harmonicity (cc) with
a minimum pitch of 40Hz, silence threshold 0, and 4.5 periods per window (1
period per window if no HNR was found). For each t/d token, the begin and
end of the release burst were marked (at nearest zero-crossing). The length of
the release burst was measured. The presence of an F0 value inside a 35ms
window before the start of the release was considered evidence of prevoicing.
A window of 35ms was chosen to preclude an influence of the preceding word.
Vowel duration was calculated from the end of the release burst to the vowel
offset.

4.2.4 Statistical analysis

All data is collected and processed for statistical analysis in R [9]. A Kolmogorov-
Smirnov test showed the data was not normally distributed. Therefore, the
Wilcoxon Matched Pairs Signed Rank test (WMPSR) is performed to analyse
differences between pre- and post-total laryngectomy voice recordings. Sta-
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tistical significance is corrected for false discovery rate [10]. To estimate the
importance of the factors studied for the acoustic realizations of the alveolar
plosives, linear mixed effect models were created [11, 12], The model analyses
the relationship between prevoicing, burst duration, and vowel duration on the
one hand and the fixed effects time (pre- / post-treatment) and phoneme iden-
tity (/t/ /d/) on the other hand, including the interaction term. The by-subject
and by-word intercepts and random slopes of the effects of time and phoneme
identity were used as random effects. P values were estimated by approximat-
ing the Student t-test statistics of the coefficients by Z-test statistics, following
Barr et al. [11]. An R Markdown script and the original /t/ /d/ data have been
made available on http://www.fon.hum.uva.nl/rob/ICPhS19/.

4.3 Results

In Table 4.1 the acoustic characteristics of the sustained vowel /a/ recorded
from the participants before and after surgery are presented. In three partic-
ipants after treatment no median F0 could be determined. After treatment
acoustic features are changed. Median F0 values of tracheo-esophageal speech
have a mean of 61Hz, coming from a pre-operative value of mean 138Hz. The
mean percentage voiced frames drops from 93% to 55%. Harmonics-to-noise
ratio (HNR) and maximum voicing duration (MVD) decreases. A statistically
significant difference between pre- and post-treatment values was found for
F0-median, %V, HNR and MVD (p ≤ .05, WMPSR).

Table 4.1: Range, mean, standard deviation and statistical testing of the acous-
tic values pre- and post-operative of sustained vowel /a/ n=17. Abbreviations:
F0: fundamental frequency, %V: percentage voiced, HNR: harmonics-to-noise
ratio, MVD: maximum voicing duration. *p≤.05 tested with WMPSR test ˆ
(n=14)

Acoustic Range Mean SD p-value
Parameter
F0-median Pre 79-277 138ˆ 56
(Hz) Post 17-132 61 40 .002*
F0-SD Pre 1-27 8 10
(Hz) Post 1-42 11 13 .391
%V Pre 15-100 93 21

Post 0-100 55 38 .003*
HNR Pre 4-20 15 5
(dB) Post 0-8 3 4 <.001*
MVD Pre .3-2 1.9 .4
(sec) Post 0-2 1.2 .8 .013*

Table 4.2 shows the results with acoustic features of the consonant /t/
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for the pre- and post-operative speech conditions. No statistically significant
difference was seen for the parameters prevoicing and burst duration between
pre- and post-operative condition. An increase in vowel duration following the
initial consonant /t/ was seen for the post-operative speech condition (p=.017).

Table 4.2: Mean and standard deviation, minimum and maximum value and
statistical testing of the acoustic values for the /t/ pre- and post-operative
n=17. *p≤.05 tested with WMPSR test

Acoustic Mean SD Min Max p-value
Parameter
Prevoicing Pre 1.3 3.7 0 11.1
(%) Post 1.3 5.4 0 22.2 1.00
Burst dur. Pre 37.2 10.9 25.2 64.2
(ms) Post 38 5.5 29.7 47.7 .747
Vowel dur Pre 93.9 16.6 73.6 138.1
(ms) Post 107.5 32 68.2 174 .017*

Table 4.3 shows the results with acoustic features of the consonant /d/ and
outcomes of statistical testing for the pre- and post-operative speech conditions.
The presence of prevoicing for the consonant /d/ decreases significantly in
the post-operative speech condition (p=.003). Burst duration of /d/ increases
significantly in the post-operative speech condition (p<.001). No difference was
found for the vowel duration for the vowel following the initial /d/ (p=.120).

Table 4.3: Mean and standard deviation, minimum and maximum value and
statistical testing of the Acoustic Values for the /d/ pre- and post-operative
n=17. *p≤.05 tested with WMPSR test

Acoustic Mean SD Min Max p-value
Parameter
Prevoicing Pre 57.5 36.7 0 100
(%) Post 14.4 23.1 0 77.8 .003*
Burst dur. Pre 24.5 5.9 15.9 37.4
(ms) Post 34.9 6.5 23.6 47.3 <.001*
Vowel dur Pre 101.5 12.6 77.3 129.9
(ms) Post 109.1 21.2 79.8 150.1 .120

To obtain a rough estimate of the sizes of the effects of time (pre/post-
treatment) and phoneme identity (t/d) on the acoustic measurements, an anal-
ysis of linear mixed effect models was performed using maximal random factors
(see Table 4.4, Figure 4.1) [11]. Models using random phoneme slopes did not
converge and only random slopes for time were used. Interactions between
phoneme identity and time were significant for prevoicing and burst duration.
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Table 4.4: Linear mixed effect models analysis Y ∼ phoneme*time + (1 +
time|speaker) + (1 + time|word). p determined assuming t follows Z-test (Nor-
mal) statistics. †: t = 2.43, p = 0.015

Y: Prevoicing (%) Burst dur. (ms) Vowel dur. (ms)
Intercept 1.31 37.21 93.23
Phoneme 56.21 -12.66 8.3
Time 0.77 0.99 12.79†
Phoneme:time -44.87 9.44 -4.91
t(Phoneme:time) -8.24 3.28 -1.07
p 1.7 10-16 0.001 0.28

Figure 4.1: Visualization of the linear mixed effect models based on the estimates of
Table 4.4

4.4 Discussion

Several studies have compared differences between healthy laryngeal speech and
speech after total laryngectomy [1]. After total laryngectomy the pharyngo-
esophageal segment functions as the new voice source. The resulting tracheo-
esophageal speech is has a lower F0 and high noise components [1, 3]. In this
study, post-treatment values of F0, %V, HNR, and MVD worsened compared
to the pre-operative values. The voices of the participants included in this
research are deviant from healthy laryngeal voices. In the pre-operative situa-
tion, the voices are distorted due to either tumor presence on the vocal cords,
earlier treatment with (chemo) radiotherapy and/or presence of a trachea can-
nula. These acoustic changes in the vowel /a/ suggests an effect on acoustic
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features of consonants as we studied specific in the /t/ and /d/ tokens. This
study has shown that the acoustic contrast of the /t/ and /d/ in word ini-
tial position reduces after total laryngectomy (Tables 4.2 and 4.3). Prevoicing
and burst duration values for /t/ do not change significantly after surgery. For
the /d/, presence of prevoicing decreases and Burst duration increases post-
operatively. Values for /d/ become more like /t/ in the post-operative speech
condition. Vowel duration following the initial consonant /t/ was higher in
the post-operative condition compared to pre-operative condition (Tables 4.2
and 4.4). The duration of the vowel following the initial consonant /d/ also
increased but this increase was not significant. An explanation might be an
overall slowing of the speech rate. With help of linear mixed effect models,
the combined effects of phoneme identity and treatment were analyzed (Ta-
ble 4.4, Figure 4.1). There was a strong interaction of phoneme identity and
time (pre- / post-treatment), that confirmed the conclusion that the effect of
treatment was limited to the initial /d/. And thus, that the difference between
/t/ and /d/ became smaller after treatment. For tracheo-esophageal speakers,
the reduced acoustic contrast between /t/ and /d/ in initial position could
lead to intelligibility issues. In Dutch /t/ and /d/ in phonology are marked
as phonemes. Earlier research on tracheo-esophageal speech has shown that an
intended /d/ was more often misheard as /t/ than that an intended /t/ was
misheard as /d/ ([6], Table 4.3 confusion matrix). Our study provides evidence
that prevoicing and burst duration changes for /d/ might explain at least part
of these intelligibility issues.

The current study has some strengths and limitations. An advantage of the
current research is that our analysis is performed on running speech. Recording
running speech leads to most natural speaking conditions. Another strength of
the study is the pre- and post-treatment within subject design. To our knowl-
edge, there have not been studies that compared pre- and post-operative voice
characteristics within the same individual. In this approach, changes in voice
and speech can be spotted at an individual level. Limitations of the current
study include the use of different microphones and that the used text was not
phonetically balanced. Only /t/ and /d/ in initial position were frequently
present in the text which left out other phonemes with voicing distinction for
analysis. Therefore, our data did not contain enough tokens containing other
plosives (/b/ and /p/; /g/ and /k/) to investigate the effect of treatment on
other places of articulation. The aerodynamics of voicing and the size of the
air cavity before the constriction, suggest that these effects might be different
for /g/ and /k/, for /b/ and /p/ than for /t/ and /d/.

4.5 Conclusions

The acoustic features of initial consonants /t/ and /d/ do move closer together,
with /d/ becoming more like /t/ in tracheo-esophageal speech. This could ex-
plain results from earlier research that showed asymmetric confusion between
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/d/ and /t/ from these speakers. Further research on larger sets of running
speech is recommended to create better understanding of the intelligibility is-
sues. Total laryngectomy patients are a vulnerable group with communication
deficits and need for speech rehabilitation. Special attention towards intelligi-
bility issues is recommended.
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CHAPTER 5

Long-term stability of tracheoesophageal voices

Abstract

Long-term voice outcomes of 13 tracheoesophageal speakers are assessed using
speech samples that were recorded with at least 7 years in between. Intelligi-
bility and voice quality are perceptually evaluated by 10 experienced speech
and language pathologists. In addition, automatic speech evaluations are per-
formed with tools from Ghent University. No significant group effect was found
for changes in voice quality and intelligibility. The recordings showed a wide
interspeaker variability. It is concluded that intelligibility and voice quality of
tracheoesophageal voice is mostly stable over a period of 7 to 18 years.

5.1 Introduction

Total laryngectomy (TL) refers to removal of the entire larynx as a treatment
for advanced stage laryngeal cancer [1]. During the surgical procedure the air-
way and digestive tract are separated. With removal of the larynx the natural
voice is lost. Voice rehabilitation is one of the most important goals after to-
tal laryngectomy [2]. In the early 1980s, insertion of a tracheoesophageal voice
prosthesis was introduced [3]. A voice prosthesis is a one-way valve that is in-
serted in a puncture tract created between the trachea and esophagus. Airflow

0Appeared as: van Sluis, K.E., van den Brekel, M.W.M., Hilgers, F.J.M., van Son, R.J.J.H.
“Long-term stability of tracheoesophageal voices.” Proceedings of Interspeech 2016, San Fran-
cisco: 102-106, 2016.
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82 5.2. Speech and methods

from the lungs to the mouth is thus reestablished. Henceforth, the patient is
able to produce pulmonary driven speech again. The new voice source is the
pharyngoesophageal segment (PES).

Tracheoesophageal speech is considered the gold standard in restoring com-
municative functioning after TL [1]. It is considered as the most natural way
of voice restoration according to intelligibility, pitch, and range [4]. Success
rates for acquiring tracheoesophageal speech are reported up to 95% [5]. The
reached endpoint in voice quality and speech intelligibility varies between pa-
tients [1]. Effective vibratory functioning of the PES is crucial in acquiring
tracheoesophageal speech. Knowledge about long-term voice outcomes of tra-
cheoesophageal speakers so far is scarce. There are some studies that include
evaluations of tracheoesophageal speakers on the long-term, up to 18 years
post-TL [6–10]. These papers, however, do not evaluate the groups of patients
by follow-up time [6, 7, 9, 10]. Studies which consider long-term follow-up thus
far only assess communication mode and quality of life [4].

In voice and speech assessment, a multidimensional approach is preferred.
Acoustic, perceptual, aerodynamic, stroboscopic and self-assessment can be
used to evaluate voice quality [11]. Substitute voices characteristically deviate
from healthy speakers because of strong voice irregularities and require a well-
thought-out approach [12]. As communication is mostly a perceptual matter,
perceptual evaluations are considered the “gold standard”. For substitute voices,
judgments of experienced speech-language pathologists (SLP’s) are considered
as more consistent than judgments of naïve raters [9]. Various perceptual scales
are applied in the literature to rate substitute voices. The IINFVo rating scale
was specifically developed for substitute speech [13]. The five IINFVo scale pa-
rameters are: overall impression (I), impression of intelligibility (I), unintended
additive noise (N), fluency (F) and voicing (Vo) [14]. Two of the rating scales,
over-all impression and intelligibility, appear to be the most reliable [13–15] and
are used in this study. The former refers to the acceptability or pleasantness of
the voice (voice quality) and the latter refers to the clarity and understandabil-
ity of words and sentences [14, 15]. During the last decade, automatic speech
and voice analysis became feasible [16, 17]. Automatic analysis is promising in
providing consistent ratings and for analyzing trends within a single speaker.

The present study aims to identify changes in tracheoesophageal speech over
time by analyzing perceptual and automatic evaluations of voice recordings.

5.2 Speech and methods

5.2.1 Speakers and recordings

The Netherlands Cancer Institute has a long history of speech collection for
TL research. Recordings from 13 TL-patients, who participated in studies be-
tween 1996 and 2014, are included in the present study (all male, median age
at treatment 55 years, range 44-75, all gave informed consent). Inclusion was
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Long-term stability of tracheoesophageal voices 83

possible when voice recordings of the 149-word Dutch text with neutral con-
tent, “Tachtig dappere fietsers” [Eighty brave cyclists], were available from the
same speaker with an interval of at least 7 years (T1 and T2, with 7-18 years
in between).

All speakers had undergone laryngectomy and used a Provox voice prosthe-
sis (Atos Medical. Hörby, Sweden). 27 recordings were made during the latter
half of the 1990’s (I), in 2007 (II), and in 2014 (III), in total 35 minutes of
speech. No effort was made to ensure correct reading of the text so the actual
words uttered vary somewhat. Speaker UCX did not complete the full text
once and speaker K9S read a longer variant of the text once. For speaker KRH,
there were recordings for all three periods (T1-T3). The recordings were made
as part of different studies, each using different equipment (see Table 5.2). For
this study, recordings were digitized and converted to 44.1 kHz sampling rate
and 16-bit Signed Integer PCM encoding (RIFF/WAVE). No audio compres-
sion had been used on the recordings.

5.2.2 Perceptual evaluation

Recordings were evaluated by ten experienced SLPs (experts), including one
of the authors (KvS). Experts did the evaluations at home in a self-paced
online listening experiment. At the time, experts were not informed about the
details of the speakers. All experts were female, mean age 29.9 year (range 22-
49). Eight were native speakers of Dutch. Two were native German speakers,
who acquired Dutch as a second language. All experts were certified Dutch
SLP’s. Evaluations were done using standard web browsers. There were two
experiments. In experiment 1, the experts were asked to grade recordings of
one single, long sentence as having better or worse speech intelligibility and
voice quality. The experts used two slider rules as computerized visual-analog
scales (VAS). In experiment 2, the same experts evaluated two pairs of short
sentences from each speaker. The experts were asked to judge which version
of the sentence in the pair was better and to what extent. The evaluation was
again done using slider rules for speech intelligibility and voice quality. Experts
could listen to the stimuli as often as they wanted. Stimuli were presented in
pseudo-random order, different for each expert. The results were scored between
0-1000 (pseudo-continuous).

Table 5.1: Available patients/recordings, see text.

Period T1 T2
I 1996-1999 [18] 8 -
II 2007 [19] 5 7
III 2014 - 6
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84 5.3. Results

In experiment 1, a single, 16-word, sentence was used which resulted in 26
stimuli (13 for T1 and 13 for T2). In experiment 2, two different short sentences
were used, 7 and 8 words long. Each pair in Experiment 2 was presented in
both orders, T1/T2 and T2/T1, and both sentences were used. For each speaker
there were four pairs, two sentences in two orders. For one speaker, UCX, one
sentence of the recording was missing for T2. The missing sentence was replaced
by another sentence. The results of this mixed pair are omitted here. In total
there were 56 stimulus pairs in experiment 2, 2x13 sentence recording pairs in
two orderings and 4 additional T2/T3 stimulus pairs for speaker KRH. Both
experiment 1 and 2 were preceded with 5 practice items that were drawn from
other speakers not in the test set.

5.2.3 Automatic evaluation
The full 149 word recordings were automatically evaluated at the Depart-
ment of Electronics and Information Systems, Ghent University with Auto-
matic Speech analysis In Speech Therapy for Oncology (ASISTO) [20, 21].
Two applications for evaluating intelligibility were used, one using text aligned
automatic speech recognition (ELIS), and one using alignment free recognition
(ELISALF) [16, 20, 22]. A separate application evaluated voice quality based
on the acoustic voice quality index, AVQI [16], which combines, e.g., shimmer
and cepstral peak prominence. For comparability, the automatic intelligibility,
0-100 (0 worst), and AVQI, 0-8 (0 best), scores were scaled linearly to fit the
perceptual evaluation results from experiment 1. No automatic evaluation was
obtained for the variant readings of speakers K9S and UCX.

5.3 Results

Results of experiment 1 and the automatic evaluation scores were recalculated
to pairwise differences between T2 and T1 (score at T2 minus score at T1).
The four pairwise result scores of each speaker in Experiment 2 were averaged
to a single preference score between [-500, 500] (after subtraction of 500). This
procedure averages out any T1/T2 order bias. The averaging was done with
the two remaining scores for the one speaker with a missing pair (UCX). The

Table 5.2: Recording sessions.

Period Recorder Microphone
1996-1999 Sony TCD-8† AKG-c410
2007 Edirol Roland R1∗ Sennheiser MD421
2014 Edirol Roland R09∗ Samson Qv10e

†Digital Audio Tape (DAT) Deck. ∗Digital SD WAVE recorder
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use of different recording equipment and procedures can introduce a bias in
the evaluations. A test comparing the T1 results between periods I and II and
the T2 results between periods II and III (experiment 1) showed that aver-
aged ratings between these periods were not different (Student t-test, p>.05).
However, the small number of speakers makes the power of these tests low (c.f.
Table 5.1). To determine for which of the 13 speakers the evaluations differed,
a level of significance of p≤.004 is used (Bonferroni correction). Statistical tests
were performed in R [23].

5.3.1 Experiment 1

The variation in the perceptual scores in experiment 1 was high (see Figure
5.1). Only two speakers had statistically significant lower perceptual intelligibil-
ity scores for T2 than T1 (p≤.004, not shown). The ELIS and ELISALF scores
were strongly correlated with pooled perceptual intelligibility scores (R>.80,
p<.001, n=24) and for T1 and T2 separately (R>0.78, p<.005, n=12 each).
The perceptual voice quality scores differed for three speakers, two speakers
had lower scores for T2 than T1 and one had higher scores (p≤.004). For all
other speakers, the differences were not statistically significant (p>.004). The
AVQI scores were moderately correlated with pooled perceptual voice quality
scores (|R| >0.60, p<.002, n=24) and for T1 separately (|R|= 0.70, p<.02,
n=12), but not for T2 (|R|=0.45, p>.05, n=12). Perceptual intelligibility and
voice quality T2-T1 difference scores were strongly correlated (R=0.89, p<.001,
n=13). ELIS and AVQI T2-T1 differences were also correlated (R=0.75, p<.01,
n=11). The consistency of the evaluations was estimated by correlating the
scores of individual experts against the average score of all the other experts
(n=9). The correlations were between R=0.6 and R=0.9 for both Intelligibility
and Voice Quality. Automatic scores were correlated with the average of all
ten experts. The consistency of the scores for ELIS and ELISALF compared
favorably against the intelligibility scores of individual experts: R≥0.8. Corre-
lation of automatic AVQI scores was comparable to the least consistent expert:
R=0.6.

5.3.2 Experiment 2

Eight speakers showed a statistical significant difference in intelligibility be-
tween T1 and T2 in experiment 2 and seven of them also showed a difference
in voice quality (see Figure 5.2). The ELIS speaker difference scores were mod-
estly correlated with the average pairwise perceptual ratings for intelligibility
(R=0.61, p≤.05). The correlation of the ELISALF difference scores with the
perceptual ratings was even marginally lower (R=0.58, p>.05). The correlation
between ELIS and ELISALF difference scores was statistically not significant
(R=0.56, p>.05). Because of this, we focus on the ELIS scores for the re-
mainder of this paper. Intelligibility and voice quality were strongly correlated
(R=0.99, p<.001). AVQI scores were strongly correlated to voice quality and
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Figure 5.1: Variation in perceptual evaluations and automatic scores in experiment
1. Numbers: individual expert raters; filled symbols: automatic ASISTO scores. Cor-
relations are with average expert responses.

thus also to intelligibility (R=0.87 and R=0.84, p≤.001). This makes AVQI
a better predictor of perceptual intelligibility in experiment 2 than the ELIS
scores. Differences between periods I and II in Figure 5.2 were not significant
for ELIS or AVQI (p>.025, Bonferroni correction).

Overall, five speakers had statistically significant worse intelligibility at T2
(T2-T1 < 0), two speakers were better at T2 (T2-T1 > 0), and four were
neither better nor worse (T2-T1 0), see Figure 5.2. One speaker was scored
with worse intelligibility at T2 and unchanged voice quality (WWL). In total,
there are roughly as many speakers that showed a decline in intelligibility and
voice quality at T2 as showed unchanged or improved intelligibility and voice
quality. The ELIS scores tended to score the T2 as more intelligible than the
T1 recordings. Currently, it is not clear how to interpret this difference with
perceptual intelligibility scores. The AVQI scores were distributed more like the
corresponding perceptual voice quality scores, in line with the high correlation
between AVQI and voice quality scores. In this sample of 13 speakers, three
distinct levels of change can be distinguished: better at T2, worse at T2, and
no difference. When speakers from each of these levels are compared against
speakers from other levels a statistical significant difference is found (p < .001).
Together, the automatic and perceptual results presented in Figure 5.2 indicate
that there is no definite trend in the changes in intelligibility and voice quality
after 7 years or more. There might be a somewhat bigger probability for a
decline in intelligibility and voice quality than the reverse. However, it is clear
that the differences between speakers in direction and extend of change over
time are large.
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Figure 5.2: Pairwise comparisons, experts and ASISTO ratings. Left: Intelligibility
and ELIS, Right: Voice quality and AVQI. Statistics based on Student t-test and
Pearson’s product-moment correlation.

5.3.3 Consistency between recordings

For one speaker, KRH, there were three evaluated recordings over a span of
18 years, one from each recording period. All three recordings were used to
get a rough (n=1) estimate of the variability in evaluation outcomes (Table
5.3, Bonferroni correction p≤.01). It appears that the experts can judge the
speech samples quite consistently. Only the voice quality results for period I in
experiment 1 differed from the other periods (I versus II and III, p<.01). None
of the other evaluations differed between periods (p>.01). Pairwise comparisons
showed significant differences in experiment 2 (p<0004, underlined), except for
voice quality between periods II-III. The automatic scores for this speaker, ELIS
and AVQI, were rather stable over this time course (Table 5.3, Experiment 1),
but the difference scores were variable (Table 5.3, Experiment 2).

5.4 Discussion

Long-term stability of voice quality and intelligibility in tracheoesophageal
speakers, to our knowledge, has not yet been described. This study presents
a unique dataset, in which perceptual and automatic voice assessment com-
plement each other. It must be noted, though, that speech samples of only a
small group of speakers was available. Differences in surgical techniques and
treatment modalities are not included in this study because of the small sam-
ple size. The voice recordings were made in three time periods, and different
audio recording equipment was used each time (Table 5.2). Our analysis did
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not reveal any systematic differences between time periods that could be at-
tributed to these equipment differences. For future research, we are collecting
recordings in a consistent setting.

The anatomical and physiological changes in voice production, which TL
patients are facing, are immense. In tracheoesophageal speech, voice is produced
by the PES that originally does not have a function in sound production. Some
tracheoesophageal speakers present a fairly good voice, whilst others are rated
as more deviant in voice quality and intelligibility. The differences between
recordings vary. On average, a slight decrease over time is seen in perceptually
rated voice quality and intelligibility (Figure 5.2). This might indicate an effect
of aging.

The perceptual evaluations tend to be scattered between the expert raters
(Figure 5.1). In the literature it is stated that expert raters such as SLP’s
provide more reliable outcomes than naïve listeners. To assess the consistency
of the raters, for one speaker three recordings were evaluated. It appears that
the experts can judge the speech quite consistently (Table 5.3). Using pairwise
comparisons, as in experiment 2, is more sensitive to differences. Pairwise com-
parison results in more consistent ratings than rating individual samples, as in
experiment 1.

Changes in voice quality and intelligibility are dependable within individ-
ual speakers. When voice quality is rated as good by perceptual evaluation,
intelligibility tends to be as well. The strong correlation (R=0.99, p<.001 in
experiment 2) between these outcome measures confirms this dependency. The
fact that independent automatic measures, AVQI and ELIS, are also correlated
shows that this correlation is part of the speech signal itself. These (high) cor-
relations indicate that intelligibility problems with TE substitute voices might
emerge from a lower perceptual voice quality.

The AVQI was developed for analyzing a combination of sustained vowels
and running speech samples [17]. There were no sustained vowel recordings for
some of our speakers. Therefore, AVQI analysis was partially performed, i.e.,
on running speech only. Our results show that this procedure already provided
sufficient information (c.f. [20]). The AVQI scores correlate strongly with voice

Table 5.3: Results in Experiment 1 and 2 for speaker KRH. Intell. : Intelligi-
bility, VQ: Voice Quality. ∗: p<.01 with other periods. : p<.004. See text

Experiment 1 Exp. 2
Period I II III I-II II-III
Intell. 801 739 731 -138 -66
ELIS 620 726 581 106 -145

VQ ∗690 443 461 -208 -97
AVQI 474 334 409 -140 75
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Long-term stability of tracheoesophageal voices 89

quality scores, and therefore also with intelligibility. Since perceptual voice qual-
ity and intelligibility are strongly correlated it is shown that for these speakers,
AVQI provides consistent information on both perceived voice quality and in-
telligibility. The AVQI was an even better predictor of perceived intelligibility
than the automatic ELIS scores. Ideally an automatic speech analysis program,
which detects differences over time, is needed. The ELIS evaluation tool is used
to evaluate individual speech samples. Comparisons between (T2 – T1) sam-
ples are made afterwards. For the future it would be recommended to develop
an automatic assessment tool that can directly evaluate differences between
speech samples.

5.5 Conclusions

Voice quality and intelligibility of tracheoesophageal speakers is more or less
stable over a period of 7 to 18 years. There might be a slight decrease in the
quality of the tracheoesophageal speech in some speakers, but, if at all present,
this could not be consistently ascertained. Voice quality and intelligibility are
correlated when rated perceptually by experts as well as when evaluated au-
tomatically. To get more insight in the long-term changes of speech quality it
is recommended to systematically collect data of a large group of tracheoe-
sophageal speakers over a longer period of time. Tools for automatic evaluation
of speech quality are very promising for analyzing trends within individual
speakers.
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CHAPTER 6

Interaction of functional and participation issues on
quality of life after total laryngectomy

Abstract

Objective: Total laryngectomy (TL) leads to lifelong physical changes which
can lead to functional and participation issues. To assess the relationship be-
tween self-reported quality of life and functional and participation issues, a
large international online questionnaire was used.

Method: A questionnaire was sent out to 8119 recipients of whom 1705 (21%)
responded. The questionnaire consisted of 26 questions regarding demographic
information, product use of the respondents, experienced overall health and in-
dependence, and functional and participation issues. Respondents were grouped
based on sex, age, time since TL, educational level, and country of residence.
Questions were grouped in one measure of reported quality of life (r-QoL) and
seven issue themes (“esthetic issues”, “experienced limitations in daily activi-
ties”, “avoiding social activities”, “communication issues”, “experienced vulner-
ability due to environmental factors”, “pulmonary issues”, and “sleep issues”) to
assess the underlying relations.

0Appeared as: Leemans, M, van Sluis, K.E., van Son, R.J.J.H., van den Brekel, M.W.M.
“Interaction of functional and participation issues on quality of life after total laryngectomy.”
Laryngoscope Investigative Otolaryngology 5,3: 453-460, 2020.
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94 6.1. Introduction

Results: This study showed that more functional and participation issues
and a lower r-QoL are reported in the group of younger respondents (<60
years), women, and respondents who have had the TL procedure less than 2
years ago. The issue themes “experienced limitations in daily activities” and
“avoiding social activities” are related to r-QoL. Most participants report “pul-
monary issues,” and these issues have a strong correlation with most other
themes.

Conclusion: The ability to participate in meaningful and social activities
is a major factor in r-QoL. Due to the frequency and strong correlations of
pulmonary issues with other issue themes, pulmonary issues might be an un-
derlying cause of many other issues.

6.1 Introduction

A total laryngectomy (TL) leads to lifelong changes in physical, psychological
and social functioning, severely impacting the patients’ normal daily function-
ing and quality of life. First of all, due to the removal of the larynx, one of
the immediate consequences is that the patient loses his ability of laryngeal
speech. The fact that patients now breathe through a tracheostoma instead of
their nose or mouth can lead to pulmonary problems, such as coughing, dys-
pnea, excessive mucus production, forced expectoration, and stoma cleaning
[1–6]. A total laryngectomy can also lead to other functional problems such
as difficulties in swallowing, olfaction, sleeping difficulties, fatigue, and pain in
throat and neck [4, 6, 7].

The functional consequences of the TL procedure also impact the patient’s
self-image, which can lead to psychological problems such as anxiety and de-
pression [4, 5, 8, 9], and reduced sexuality [7, 10–12]. Lastly, due to the visible
scarring and difficulties with communication it can lead to worsened social
interactions and participation [4, 5, 7, 13].

To help total laryngectomized patients rehabilitate their lost functions, in
particular their pulmonary condition and speech, multiple medical devices have
been developed in the last few decades. The most important medical devices
include the voice prosthesis, and the Heat and Moisture Exchanger (HME) with
various fixation methods. It has been proven that HMEs reduce pulmonary
issues, such as coughing and mucus production, and improve other related
functional issues such as voice and sleeping [14–18]. To restore speech and
voice, tracheoesophageal speech generated with the help of a voice prosthesis
has become the ‘gold standard’ in the many parts of the world [19].

To ensure an optimal rehabilitation and quality of life for each patient, an
understanding of possible consequences of the TL procedure and the correlation
of self-reported participation and functional issues can provide a unique insight.
Atos Medical AB (Malmö, Sweden), with help of ReD Associates (Copenhagen,
Denmark), a strategy consultancy company, recently send out a questionnaire
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to Atos Medical clients from different countries to investigate the hidden needs
and complaints of total laryngectomized patients. We were able to use the ob-
tained responses for our analysis. Thus, with the aforementioned physical and
social consequences of the TL procedure in mind, we developed the following re-
search question: What relation exists between demographic characteristics and
reported Quality of Life (r-QoL) ratings of total laryngectomized individuals
and their self-reported participation and functional issues?

6.2 Materials and methods

6.2.1 Questionnaire

An online questionnaire was developed by Atos Medical AB (Malmö, Sweden)
and ReD Associates (Copenhagen, Denmark) with input from the Netherlands
Cancer Institute. The scope of the questionnaire was to assess the impact of
TL on daily life and examine the use of medical devices, experienced functional
and participation issues, and possible hidden needs regarding medical devices
for the rehabilitation after TL. A pilot version of the questionnaire was send
via email by Atos Medical AB to a cohort of 250 TL clients in the United
States of America, with a response rate of 12%. Based on the pilot, adjust-
ments were made. The final version of the online questionnaire consisted of 26
main questions regarding demographic information (not obligatory) and prod-
uct use of the respondents, experienced overall health and independence, and
experienced functional and participation issues. The final questionnaire was
sent out via email by Atos Medical AB to 8119 clients in nine countries; the
United Kingdom, United States, Germany, France, Sweden, the Netherlands,
Brazil, Italy, and Spain. All approached Atos Medical clients were treated with
TL and older than 18 years. One reminder-email was sent out and the ques-
tionnaire was available online for three weeks. The data were collected by ReD
Associates and made available to the Netherlands Cancer Institute.

6.2.2 Statistical analysis

The responses of the questionnaire were analyzed anonymously by the Nether-
lands Cancer Institute using the statistical package R (version 3.5.1.). Respon-
dents from the pilot study (n=29) were excluded from the analysis, resulting
in a cohort of n=1705. As primary outcome measure the relation between the
reported quality of life (r-QoL) ratings and the reported participation and func-
tional issues was tested. As secondary outcome measure the relations between
demographics and participation and functional issues were tested. A linear
model was selected with the "step" function (setting direction “both”) in R
using the Bayesian Information Criterion [20]. The relative importance of the
themes was determined with the “calc.relimp” function (setting type “first”)
[21].
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96 6.2. Materials and methods

6.2.3 Grouping of respondents

For the analysis of the primary and secondary outcomes, the respondents were
grouped. The grouping was based on:

• Sex: male vs. female

• Age: <60 years of age vs. 60+ years of age. In the questionnaire, the
respondents were asked to indicate their age through a choice between five
decade age brackets. The age brackets were simplified in our analyses to
just two age groups, roughly representing the ‘pre-retirement’ age group
and ‘post-retirement’ age group.

• Time since TL: <2 years since TL vs. 2+ years since TL. This grouping
was based on clinical experts consensus that the most initial rehabilitation
issues of the TL procedure are resolved within two years.

• Educational level: respondents without tertiary education (defined as an
educational degree after High School) vs. respondents with tertiary edu-
cation.

• Country of residence: country specific analyses were only performed for
countries with a response rate of >5%. The countries Sweden, Brazil and
Spain were therefore excluded in this specific analysis.

6.2.4 Grouping of questions

Because this questionnaire was not based on validated QoL scales or validated
questionnaires, we performed a clustering of semantically related questions into
general issue themes. Because some questions could belong to multiple themes,
the semantic clustering of questions was based on the experience of the clinical
experts (K. E. v S. and M. vd B.), discussed in multiple consensus meetings.

The self-reported ratings of overall health and independence (both rating
scales from 0 to 10) were combined to one sum measure: the reported r-QoL
rating (scale from 0 to 20). In this article, the term r-QoL is used to refer to
this combined measure of the following two specific scale questions:

• “How would you rate your overall health from 0 to 10? 0 means worst
imaginable health state, 10 means best imaginable health state”

• “On a scale from 0 to 10, how independent do you feel in completing
the activities you want? 0 means the least imaginable independence in
completing the activities you want, 10 means the most imaginable inde-
pendence in completing the activities you want”

The internal correlation between these two scale questions is textitR2=.366
(percentage of variance explained).
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Clustering of related self-reported participation and functional issues ques-
tions was performed into the following general issue themes (see Appendix A
for an overview of the grouped questionnaire questions per theme):

• Esthetic issues (5 yes-no questions)

• Experienced limitations in daily activities (9 yes-no questions)

• Avoiding social activities (2 yes-no questions)

• Communication issues (4 yes-no questions)

• Experienced vulnerability due to environmental factors (7 yes-no ques-
tions)

• Pulmonary issues (14 yes-no questions)

• Sleep issues (3 yes-no questions)

6.2.5 Average number of reported experienced issues per
theme

The average number of reported issues per patient per theme (as a percentage
of the maximum number of questions of that theme), and the influence of
the grouping of respondents on the number of reported experienced issues is
presented. This approach was chosen in order to make the themes mutually
comparable on the basis of seriousness, since the average weight per issue is not
linear and the number and content of issue questions per theme were different.
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98 6.2. Materials and methods

Table 6.1: Demographic characteristics of respondents. Total number of respon-
dents n=1705. Respondents of which we obtained the complete demographic
information n=1624 (including sex, age and employment status)

Characteristic No. (%)
Countries United Kingdom 159 (9)

United States 785 (46)
Germany 98 (6)
France 342 (20)
The Netherlands 184 (11)
Italy 79 (5)
Sweden 43 (3)
Brazil 10 (<1)
Spain 4 (<1)

Sex† Male 1361 (80)
Female 263 (15)

Age [y]† <60 296 (17)
60+ 1328 (78)

Time since TL [y] <2 336 (20)
2-5 568 (33)
5-10 392 (23)
> 10 294 (17)
No answer 115 (7)

Employment status† Retired 1124 (66)
Full-time 183 (11)
Part-time 108 (6)
occasionally 0 (0)
Unpaid work 62 (4)
Seeking work 33 (2)

Education No High School 113 (7)
High School 508 (30)
Occupational 411 (24)
University 617 (36)
No answer 56 (3)

Level of tertiary education Total 1028 (62)
(defined as an educational United Kingdom 105 (67)
degree after High School) United States 519 (68)

Germany 50 (54)
France 215 (67)
The Netherlands 76 (43)

†A small number of respondents (n=81) did not consent to provide this
(personal) demographical information. TL = total laryngectomy
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6.3 Results

6.3.1 Respondents

The demographic characteristics of the respondents are shown in Table 6.1. In
total, 1705 clients completed the questionnaire (response rate of 21%), of which
the majority were from United States, France, The Netherlands, United King-
dom, Germany and Italy. A minority of the respondents were from Sweden,
Brazil and Spain. Of 1624 respondents, we obtained the complete demographic
information, including the more personal information, such as sex, age, and
employment status (n=81 respondents did not give consent to provide this
information). Type of voice rehabilitation was not in the scope of this ques-
tionnaire. Most respondents are male (male-to-female ratio 5:1) with a median
age in the 60-69 bracket, and have had their TL procedure in the last five
years (median 5 years ago). The distribution of age between countries is very
comparable. The education level of the respondents, however, varies between
countries, with 68% of respondents having tertiary education in the US, versus
only 43% of respondents in The Netherlands and Italy.

Figure 6.1: Distribution of the self-reported rating of overall health and independence
(the score of 0 is the worst imaginable situation, the score of 10 is the best imaginable
situation). Due to rounding off, the sum doesn’t add to 100%.

6.3.2 r-QoL rating

Figure 6.1 shows the distribution of the two separate rating scales (scale 0-10)
of which this combined r-QoL rating consists; a score of 7 (out of 10) or higher
was given by more than 50% of the respondents for their overall health and
independence. Age and time since TL procedure have a significant influence (a
negative relation p=.004, and a positive relation p<.001, respectively) on the
overall health rating, and time since laryngectomy has a significant influence
on the independence rating (negative relation p≤.001).

Since the overall health and independence ratings have a high internal cor-
relation and were combined to one sum measure, from now on they will be
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100 6.3. Results

represented as one outcome measure r-QoL. The average combined r-QoL rat-
ing is 14.4 (scale 0-20). It appears that respondents under 60 years of age and
who have had their TL procedure less than two years ago at the time of the
questionnaire rate their r-QoL much lower. Sex, educational level and country
of residence did not have a significant influence (p>.05) on the r-QoL rating.

6.3.3 Average number of reported experienced issues per
theme

Figure 6.2 shows the average percentage of reported issues per patient per
theme (as a percentage of the number of questions in that theme), and the
influence of the grouping of respondents on the number of reported issues. The
figures do not represent the percentage of respondents that experiences these
issues, but the percentage of specific issues within the theme that an average
respondent will have experienced or encountered. Because the results are aver-
aged over a large group of respondents, it gives a sensitive comparison method.
See Appendix A for an overview of the grouped questionnaire questions per
theme and their response rate. Educational level and country of residence did
not have a significant influence (p>.05) on the experienced issues per theme
and were therefore excluded from the presentation of the results. Sex, age and
time since TL procedure do all have an influence on the number of experi-
enced issues of almost all themes. In general, younger respondents (<60 yrs),
especially women, who have had the TL procedure less than two years ago,
are uniquely disadvantaged in terms of reported participation and functional
issues.

6.3.4 Correlations between r-QoL rating and themes

The correlations between the r-QoL and different themes, representing overar-
ching issues, can be found in Table 6.2 and Figure 6.3. To illustrate, as seen
in Table 2 approximately 29% of the variance R2 in the r-QoL ratings can be
explained by the reported issues in the themes ‘experienced limitations in daily
activities’ (71% of the 29%) and ‘avoiding social activities’ (29% of the 29%).

However, the theme ‘pulmonary issues’ seems to play an important role
and has a significant correlation to most other themes: approximately 41% of
the variance (textitR2) can be explained by the reported issues in the themes
‘experienced limitations in daily activities’ (22% of the 41%) , ‘avoiding social
activities’ (10% of the 41%), ‘communication issues’ (16% of the 41%), ‘experi-
enced vulnerability due to environmental factors’ (20% of the 41%), and ‘sleep
issues’ (32% of the 41%).

The significance of the pulmonary issues can be illustrated by the fact that
of the specific included questions within this ‘pulmonary issues’ theme, for
example 89% of the respondents report they have to clean out mucus from
their stoma or HME several times a day (see Appendix A, 7.5.), and 47% of
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Figure 6.2: The influence of the grouping of respondents on the average percentage
of reported issues per respondent per theme. r-QoL = reported Quality of Life, TL =
total laryngectomy. Note: The specific grouping of respondents does not add up to the
total number of respondents: missing data in the ‘time since TL’ (n=115 respondents
gave ‘no answer’), ‘sex’ and ‘age’ (n=81 respondents did not give consent to provide
this personal information).

the respondents experience frequent coughing during the day (see Appendix A,
7.1.).
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r-QoL

experienced
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esthetic
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Figure 6.3: Correlations between themes and r-QoL. The single arrows indicate a
one-way correlation (e.g. ‘esthetics issues’ only has an influence on the variance of
the ‘experienced vulnerability due to environmental factors’, but not vice versa), the
double arrows indicate an asymmetrical interdependent correlation. r-QoL= reported
Quality of Life
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6.4 Discussion

This study presents a large sample of total laryngectomized respondents from
multiple countries, examining both a large range of participation and func-
tional issues and r-QoL. The study data is unique and relevant, nevertheless
the study lacks validated measures as well as respondents’ information regard-
ing, for example, marital status and type of voice rehabilitation. In order to
reduce this limitation of the use on a non-validated questionnaire, the method
of semantic clustering of questions was used, comparable to validated quality
of life questionnaires (e.g. EORTC-C30) [22–24]. Clustering of both questions
in r-QoL seems feasible, since it is known that independence is an attribute of
the concept quality of life [23, 24].

The demographic characteristics of the respondents (the distribution of age,
sex, educational level and time since laryngectomy) were comparable to other
studies and correspond to the characterization of “the average total laryngec-
tomized person” as a middle-aged man (around 65 years old, male-to-female
ratio of ∼ 6:1) [13, 25–29].

Outcomes of the rating scales regarding overall health and independence
both had an average rating of 7.2(on a scale 0-10). These two ratings are both
notably high, since a TL procedure is usually associated with a lower QoL
rating and depressive symptoms [13, 30]. However, retrospective study set-ups
like this questionnaire tend to have a larger inclusion of nonproblematic patients
than prospective studies, and thus, more positive results (e.g. a more positive
r-QoL rating) [30]. However, the distribution of the independence rating is
disconcerting: for example, 25% of respondents rate their independence a score
of 5 or lower, which can be interpreted as being unable to participate in many
daily activities.

Our study shows that respondents who were <2 years since TL, and respon-
dents <60 years old in general report a lower r-QoL rating. For almost all the
issue themes, sex, age and time since laryngectomy have a significant influence
on (the number of) experienced participation and functional issues. Therefore,
younger respondents (<60yrs), especially women, and those who have had the
TL procedure less than two years ago, seem to be uniquely disadvantaged in
terms of r-QoL ratings and reported participation and functional issues.

The influence of age, sex and time since TL procedure have also been un-
derlined by other studies. Age as an influencing factor on r-QoL is supported
by multiple studies reporting that indeed younger total laryngectomized pa-
tients experience a higher psychological distress, impacting their coping, since
younger patients may have a better preoperative baseline functional status and
activity level [4, 31, 32]. Time since laryngectomy as an influencing factor on
reported issues has been supported by multiple papers: on average the reported
problems decrease over time [5, 33]. The fact that after the first 2 years after the
TL procedure the r-QoL improves, shows that rehabilitation and coping can
be effective, but takes several years. Earlier studies have shown that gender
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differences are present in reported issues after total laryngectomy. Women are
inclined to experience more post-operative complaints, and issues with social
interaction due to stigmatization [4, 31, 34].

The ‘pulmonary issues’ seem to have a strong correlation to most other
themes. Therefore these pulmonary issues might be partially responsible for
other reported issues [5]. Although reported less frequently, the issues from the
two themes ‘avoiding social activities’ and ‘experienced limitations in daily ac-
tivities’ are the main influencers of the variance in r-QoL. Thus, the ability to
fulfill meaningful activities seems to have a greater impact on r-QoL than the
purely physical consequences of TL in general. The inclusion of the indepen-
dence rating in the r-QoL rating could have introduced a bias in the correlation
analysis. The concept quality of life includes development and improvement of
life (adapting to changed health condition and finding new meaning), indepen-
dence, achievement of goals and aspirations, and autonomy [22–24]. The study
design has its limitations. The response rate was 21%; the questionnaire was
sent via email and was shortly available online. Non-response bias might be
present and can cause a bias in how well the data represents the actual total
laryngectomized population. Additionally, the respondents of this questionnaire
were all clients of Atos Medical AB. The selection bias concerns patients most
likely using voice prostheses and/or HMEs, education level and internet use
overall and across countries, financial status, and insurance or reimbursement
systems between countries [3]. It is likely that Atos Medical clients with a
higher age or lower educational level were less well reached with this online
questionnaire in certain countries. This could explain the differences in educa-
tion level between countries as well as the relatively high education level in this
questionnaire.

6.5 Conclusion

Younger respondents (<60 years), especially women, and those who have had
the TL procedure less than 2 years ago, seem to be uniquely disadvantaged
in terms of r-QoL ratings and reported participation and functional issues.
The experienced limitations in daily activities and avoiding social activities
are associated with decrements in the respondents’ r-QoL rating. The r-QoL
rating is mainly influenced by the ability to do meaningful activities, and less
by purely physical consequences of TL. Most issue themes are interdependently
correlated. The theme “pulmonary issues” seems to have a strong correlation
with most other themes and is key in most other reported issues. Therefore,
pulmonary issues might be an underlying cause of many other issues, including
experienced limitations in daily activities and avoiding social activities. To
improve clinical practice, it is recommended to adequately prepare and monitor
patients regarding their participation in social activities, meaningful activities,
and pulmonary issues to enhance their QoL.
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6.7 Appendix A

Overview of the grouped questionnaire questions per theme. The percentages
indicate the proportion of the total number of respondents (n=1705) who re-
ported to have experienced the specific issue as stated in the question.

1. r-QoL rating

(a) How would you rate your overall health from 0 to 10? 0 means worst
imaginable health state, 10 means best imaginable health state.

(b) On a scale from 0 to 10, how independent do you feel in completing
the activities you want? 0 means the least imaginable independence
in completing the activities you want, 10 means the most imaginable
independence in completing the activities you want.

2. Esthetic issues

(a) I have wished my HME looked more discreet: 54%

(b) I have wished my adhesive, button or tube looked more discreet:
52%

(c) Covering my stoma with an HME has made me feel more confident:
66%

(d) Covering my stoma with a scarf or clothing has made me feel more
confident: 38%

(e) I would like to try the following product: an HME that is more
discreet and that you wear for going out of the house: 70%

3. Experienced limitations in daily activities

(a) I have been unable to do my favorite hobbies (e.g. gardening, wood-
work, art, etc.): 27%

(b) I have been unable to fulfill household or caring tasks anymore, such
as cooking, taking care of children/grandchildren, or cleaning: 14%

(c) I have avoided traveling or going on trips because of my stoma: 28%
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(d) I have avoided physical exercise or sports (e.g. walking, taking the
stairs, jogging, running, sports, dance or housework): 35%

(e) I have sat down or taken a break to catch my breath while wearing
an HME: 48%

(f) I have taken out my HME to catch my breath: 51%

(g) I have become short of breath while walking: 42%

(h) I have become short of breath while running, exercising, playing
sports, or dancing: 70%

(i) I have become short of breath while doing chores, housework, or
manual labor: 56%

4. Avoiding social activities

(a) I have avoided everyday social situations, such as spending time with
friends or going out for a meal, because I was worried about mucus
or coughing: 35%

(b) I have avoided going to big social events (weddings, parties, etc.):
35%

5. Communication issues

(a) Others have had trouble understanding me when I talk: 63%

(b) I have wished my voice sounded more natural: 79%

(c) I have used methods other than my voice to communicate or get
other people’s attention (such as clapping, snapping, or gestures):
71%

(d) Other people have not understood that I need an extra second to
start speaking: 58%

6. Experienced vulnerability due to environmental factors

(a) I have encountered crowded environments that may have germs (e.g.
public transportation, restaurants, etc.): 80%

(b) I have encountered places with pollution (e.g. city streets): 77%

(c) I have encountered situations with dirt, dust, or irritating particles
(e.g. factories, workshops, gardening, kitchens with lots of flour/spices):
71%

(d) I have felt irritation in my windpipe from dry air or air particles
(sand, flour, dust, dirt, etc.): 45%

(e) I have felt irritation in my windpipe due to allergies: 17%

(f) I have had extra mucus in dry or windy air:45%

(g) I have had extra mucus in cold air: 53%
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7. Pulmonary issues

(a) I have experienced frequent coughing during the day: 47%
(b) I have experienced increased coughing while being more active: 50%
(c) My HME has popped out because of coughing: 45%
(d) My adhesive, tube or button has come loose because of coughing:

51%
(e) I have cleaned out mucus from the stoma or HME several times a

day: 89%
(f) I have had mucus flare-ups during mealtime or social occasions: 69%
(g) I have used a nebulizer twice or more during the day: 20%
(h) I have had to change HMEs during the day because of mucus: 71%
(i) My adhesive has come loose because of mucus: 52%
(j) My bed sheets have been soiled by mucus: 14%
(k) My clothes have been soiled by mucus: 53%
(l) I have had an infection in my windpipe: 15%

(m) How often I experience coughing during the day: 47%
(n) How often I have mucus flare-ups during the day: 40%

8. Sleep issues

(a) I have woken up during the night from coughing: 48%
(b) My coughing has woken up my partner or other family members

during the night: 29%
(c) I have struggled to fall asleep due to coughing: 24%
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CHAPTER 7

Expiratory muscle strength training in patients after
total laryngectomy; a feasibility pilot study

Abstract

Objectives: Expiratory muscle strength training (EMST) is a threshold based
device-driven treatment for improving expiratory pressure. EMST proved to be
effective in different patient groups to improve cough function. To date, EMST
has not been tested in the total laryngectomy population (TL).

Methods: This prospective, randomized case-series study examined feasibil-
ity, safety, and compliance of EMST in a group of TL participants and its effects
on pulmonary function, physical exertion, fatigue, and vocal functioning. Ten
TL participants were included in the study to perform a four till eight weeks
of EMST. Objective and subjective outcome measures included manometry,
spirometry, cardio pulmonary exercise testing (CPET), voice recordings, and
patient reported outcome measures. Group means were reported and estimates
of the effect are shown with a 95% confidence interval, using single sample
t-tests.

Results: Nine participants completed the full study protocol. Compliance to
the training program was high. All were able to perform the training, although

0Appeared as: van Sluis, K.E., Kornman, A.F., Groen, W.G., van den Brekel, M.W.M.,
van der Molen, L., Hoffman-Ruddy, B., Stuiver, M.M. “Expiratory muscle strength training
in patients after total laryngectomy; a feasibility pilot study.” Annals of Otology, Rhinology
& Laryngology, epub ahead of print, 2020.
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114 7.1. Introduction

it requires adjustments of the device and skills of the participants. Maximum
expiratory pressure (MEP) and vocal functioning in loudness improved over
time. After EMST no changes were seen in other objective and subjective out-
comes.

Conclusions: EMST appears to be feasible and safe after total laryngec-
tomy. MEP improved over time but no improvement in the clinically relevant
outcome measures were seen in this sample of relatively fit participants. Fur-
ther investigation of the training in a larger group of participants who report
specifically pulmonary complaints is recommended to investigate if the increase
in MEP results in clinical benefits.

7.1 Introduction

Total laryngectomy (TL), which involves surgical removal of the larynx, leads
to lifelong changes in voice, swallowing and airway. Pulmonary driven speech
can be re-established with insertion of a voice prosthesis, also called tracheoe-
sophageal speech[1]. Compared to healthy individuals the voices of tracheoe-
sophageal speakers have a rough voice quality, reduced loudness, and limited
range [2]. After TL pulmonary condition is affected as air entering the lungs
via the stoma is not warmed and humidified by the nose and upper respira-
tory tract, which leads to impaired mucociliary clearance. Impaired mucocil-
iary function is the main cause of pulmonary complaints such as increased
mucus production and forced mucus expectoration after TL [3–5]. Warming
and humidifying the inhaled air is a key factor in improving pulmonary con-
dition. Over the years several options were developed: external humidifiers,
stoma cloths (e.g. bibs) and heat-moisture-exchange devices (HME-devices) [5–
8]. Both stoma cloths and HME-devices are proved to be effective in everyday
life and can reduce pulmonary problems in this patient group [9–11]. Neverthe-
less, pulmonary complaints including increased mucus production and forced
mucus expectoration are still present after TL [12, 13]. The altered anatomy
results in an physiological altered cough function after TL. Removal of the lar-
ynx eliminates the ability to generate subglottic pressure prior to cough onset.
Cough requires high expiratory airflows to aerosolize and remove material that
is unable to be removed by mucociliary action. Cough “strength” is determined
by the ability to generate high expiratory pressures immediately prior to cough
onset and by the volume of air that is expelled from the airways [14]. With the
absence of the ability to build up subglottic pressure, it is assumed that after
a TL increased cough strength can only be achieved by increasing the volume
and speed of cough expiratory airflow. To date, cough function after TL and
the potential benefit of rehabilitation techniques have not been studied. A well-
known rehabilitation technique to improve cough function is expiratory muscle
strength training (EMST). Recently, the use of EMST has been evaluated in
several studies [15], including different patient groups such as Parkinson’s dis-
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ease [14, 16, 17], multiple sclerosis [18], sleep apnea [19], head and neck cancer
patients with dysphagia [20], stroke [21, 22], amyotrophic lateral sclerosis [23],
supracricoid partial laryngectomy [24], and healthy participants [25–27]. In sev-
eral populations, to date, EMST has been shown to increase expiratory pressure
generation by 30 to 150%, with an average increase of approximately 50% in a
4-week period of time [14, 16, 18, 20, 22, 23, 27]. Most of the clinical studies
cited above aimed at improving cough strength to improve clearing of aspi-
ration of oral intake or saliva. [16–18, 20, 22, 24] EMST has not been tested
in the TL population. The main objective of the present study is to evaluate
feasibility, safety, and compliance of EMST in individuals who have undergone
TL. Subsequently, objective and subjective outcomes of the effects of EMST
on pulmonary function, physical exertion, fatigue, and vocal functioning are
assessed.

7.2 Materials and Methods

This prospective, randomized case-series study examined feasibility of EMST
and its effects on pulmonary function and voice, in a group of male TL par-
ticipants, who were at least a half year post-surgery and, if applicable, post-
operative (chemo) radiation. Participants were screened and recruited from the
head and neck department of the Netherlands Cancer Institute, Amsterdam,
The Netherlands. Exclusion criteria were: recurrence of head and neck cancer,
a history of lung cancer, severe asthma, tuberculosis, uncontrolled or untreated
hypertension, a heart attack in the last year, or abdominal hernia. The study
was approved by the medical ethical review committee of the Netherlands Can-
cer Institute (registration nr. NL60167.031.16.).

7.2.1 Expiratory muscle strength training and adjustment
to use after total laryngectomy

EMST150 (Aspire Products) is a threshold based device-driven treatment for
improving expiratory pressure generating capacity. EMST employs a handheld
training device consisting of a plexiglass tube. Inside the device is a variable
tension spring controlling a valve that is calibrated in pressure, adjustable from
30 till 150cmH20. When enough pressure is developed, the valve opens, allow-
ing air to flow through the trainer. The patient is instructed to exhale forcefully
through the device. In this way, EMST targets the rectus abdominis and inter-
nal intercostal muscles through a program of progressive overloading which is
an exercise stimulus specific for forceful expiration.

To adjust the use of the EMST150 device for TL participants, we developed
and produced an adaptor to connect the device at the adhesive baseplate in
front of the tracheostoma. This adaptor contains an opening on top to allow
inhalation which can be occluded manually, a small lumen for use of the voice
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116 7.2. Materials and Methods

Figure 7.1: EMST150 connected to a baseplate with the adapter and voice prosthesis
plug present.

Figure 7.2: EMST150 during practice, connected to the baseplate attached to the
tracheostoma. The index finger is used to occlude the opening on top during forced
exhalation.

prosthesis plug, and a tube which enables connection with a manometer (Figure
7.1 and 2).

7.2.2 Emst study training protocol
All participants performed four weeks of EMST (period A) which consisted of
five sets of five repetitions across five days per week. Strength measurements

00000 -17x24_BNW.indd   12600000 -17x24_BNW.indd   126 22-10-20   14:2322-10-20   14:23



Expiratory muscle strength training 117

and subsequent adjustment of the pressure of the EMST device were performed
at baseline and after each training week. Participants were instructed to per-
form their training sessions at home and log every training and details in a diary
to check compliance. During the weekly visits to the hospital the researchers
monitored the participants’ compliance by discussing their training results. The
pressure of the device was set at approximately 80% of the participant’s mean
Maximum Expiratory Pressure (MEP). In the following four weeks (period B),
participants were allocated to different protocols depending on the group they
were randomized to. Participants in group 1 discontinued the training. Partic-
ipants in group 2 continued EMST for another four weeks, but with a lower
frequency of two days per week. Block-randomization in blocks of four with
stratification for age was performed with help of Alea software.

Adjustments in training procedures with the EMST150 device were needed.
Before each training session, the participants’ voice prosthesis had to be blocked
with a plug to avoid air escaping through the voice prosthesis into the esopha-
gus. Participants were instructed to connect the EMST device at the adhesive
in front of the tracheostoma, take a deep breath, close the opening on top of
the adaptor with a finger, and exhale forcefully into the EMST device until
enough pressure was built up to open the valve inside.

7.2.3 Feasibility, safety, and compliance

The main objective of the study was to evaluate feasibility, safety, and com-
pliance with the EMST program. Any difficulties regarding participants’ per-
formance of the training and assessment procedures were documented. Partic-
ipants were instructed to log every training session and reflect on their expe-
riences in a diary. At the end of the training program participants filled in a
short questionnaire on whether they found the training feasible and whether
they could stay motivated during the period of training.

7.2.4 Objective and subjective outcome measures

The effects of EMST on pulmonary function, physical exertion, fatigue, and
vocal functioning are assessed with manometry, spirometry, cardio pulmonary
exercise testing (CPET), voice recordings, and questionnaires. Time points of
the assessments are shown in Table 7.1. MEP in cmH2O was obtained with
a calibrated digital manometer (Druck DPI 705) connected to the adapter
whilst the EMST device was adjusted to the maximum pressure of 150 cmH2O
and connected to the tracheostoma. Participants were instructed to sit, take
a deep breath, occlude the adapter and exhale as forcefully as possible. Peak
Expiratory Flow (PEF) in L/min was obtained with a Micro l spirometer com-
bined with a Microgard ll filter (PT Medical) which was placed directly on the
baseplate of the stoma. Participants were instructed to inhale calm but deep
and then exhale as forcefully and fast as they could. A series of three forced
expirations was used to obtain MEP and PEF, the mean of the three trials
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118 7.2. Materials and Methods

was used for the analysis. With a calibrated ergospirometry system (Jaeger
Masterscreen CPX, Houten, The Netherlands), connected to the stoma, vital
capacity (VC), and forced expiratory volume in the first second (FEV1) were
measured. Participants performed a Cardio Pulmonary Exercise Test (CPET)
on an electronically braked cycle ergometer (Lode Corival, ProCare, Gronin-
gen, The Netherlands). An adapter was made to fit the flow turbine directly
to the baseplate in front of the tracheostoma and a headband for fixation was
used to support the adapter and flow turbine. The ventilatory efficiency was
defined by minute volume of expired air relative to volume of CO2 produced
(VE/VCO2). Patients cycled till they had reached a respiratory exchange ratio
of 1.0 thus precluding them from a maximal exertion. Directly after finishing
the test, participants were asked to rate their perceived level of exertion and
dyspnea on a Borg scale [28, 29]. Voice recordings were made with a head
mounted microphone and recorded with Audacity software[30]. Participants
were instructed to perform a sustained vowel /a/ as long as possible to mea-
sure maximum phonation time (MPT). Vocal range in Herz (Hz) and dynamic
range in decibel (dB) were measured as an outcome of the difference between
the lowest and highest and softest and loudest /a/ produced, respectively. The
best of three attempts was used for each value. All voice recordings were acous-
tically analyzed with PRAAT software [31]. Self-reported vocal functioning is
assessed with the Voice Handicap Index-10 (VHI-10) [32], self-reported fatigue
with the Short Fatigue Questionnaire (SFQ) [33], and self-reported pulmonary
functioning with the clinical COPD questionnaire (CCQ)[34].

Table 7.1: Overview of the Assessed Outcome Measures per Time Point, Visu-
alization of Period A and B Over Time.

Wk0 Wk1 Wk2 Wk3 Wk4 Wk8
Period A Period B

Manometry - MEP X X X X X X
Spirometry - PEF X X X X X X
Spirometry - VC, FEV1 X X
CPET—VE/VCO2, Borg exertion-, X X
Borg dyspnea scale
Voice assessment—Vocal range X X X
(Hz and dB), MPT
Short fatigue questionnaire [33] X X X
Clinical COPD Questionnaire [34] X X X
Voice Handicap Index-10 [32] X X X

Abbreviations: CPET, Cardio Pulmonary Exercise Testing; FEV1, Forced Expiratory Volume
in the first second; MEP, Maximum Expiratory Pressure; MPT, Maximum Phonation Time;
PEF, Peak Expiratory Flow; VC, Vital Capacity.

7.2.5 Statistical analysis
Due to lack of preliminary data with regard to pulmonary exercise programs
in TL patients, there was no meaningful way to perform sample size calcula-
tions related to the quantitative outcome. All data was analyzed using SPSS
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Expiratory muscle strength training 119

software [35]. Accordingly, no significance tests were performed. Group means
were estimated with a 95% confidence interval, using single sample t-tests.

7.3 Results

Ten participants were included and signed informed consent. Participants age
ranged from 50-73 years, and all were tracheo-esophageal speakers (character-
istics are presented in 7.2).

Table 7.2: Participant Characteristics.

Tracheo Esophageal
Time Speech: Randomization Group

Parti- Age in since TL Timing Flap Neck Manually/Hands Free 1 = Stop Training
cipant Years in Years Radiotherapy Reconstruction Dissection Device 2 = Continue Training
1 65 13 Post-surgery No Both sides Freehands 2
2 67 18 Pre-surgery Unknown† Unknown† Manually 1
3 50 3 Pre-surgery No Both sides Both, alternating 1
4 68 1 Pre-surgery PM-flap No Manually 2
5 57 15 Pre-surgery No Both sides Freehands 1
6 63 7 Pre-surgery No No Manually 2
7 68 3 Pre-surgery No Both sides Both, alternating 1
8 57 10 Post-surgery No Both sides Freehands 2
9 78 3 Post-surgery No Left side Manually 1
10 73 20 Pre-surgery Unknown† Unknown† Manually 2

Abbreviations: PM-flap, Pectoralis Major flap; TL, total laryngectomy.
†No surgical information was available.

7.3.1 Feasibility, safety, and compliance
Using the EMST device with help of an adapter on the tracheostoma of the
TL participants appeared to be generally feasible. All participants could per-
form the training. One participant withdrew from the study after one week
due to unrelated medical reasons. For the remaining nine participants, compli-
ance to the allocated training program was 95.5%. According to the final short
questionnaire, participants did not experience problems to stay motivated dur-
ing the training weeks. Minor problems included leakage of air underneath
the adhesive, which was reported by four of the participants.Two participants
occasionally experienced dizziness during and shortly after the training. Three
participants were not able to plug the voice prosthesis prior to the training, and
continued training without plug. From the six participants who did plug their
voice prosthesis before training, three mentioned that plugging was a hassle.

Regarding to safety, one adverse event occurred with one of the participants
in his fourth EMST training week. After a training session with the EMST, the
voice prosthesis was not in situ anymore. A new voice prosthesis was placed
and an X-thorax was made which showed that the voice prosthesis was not
in the lungs. All participants and the medical ethical review committee were
informed.
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Expiratory muscle strength training 121

Figure 7.3: Individual Maximum Expiratory Pressure (MEP) scores over time in
cmH2O.

7.3.2 Objective and subjective outcome measures

Results on pulmonary function, physical exertion, fatigue, and vocal functioning
are presented in Table 7.3. We observed a non-linear increase in the manom-
etry outcome MEP. During the first four training weeks mean MEP increased
from 125.5 cmH2O to 174.8 cmH2O during the first 4 weeks (95% CI base-
line 110.4–140.6, 4wk 152.8–196.8). After four weeks, MEP stabilized, with
no evidence for differences in detraining between group 1 and group 2 (Fig-
ure 7.3). Overall, MEP decreased slightly to a mean of 164.9 cmH2O (95%
CI 141.8–189.0) at the end of the follow-up. Three of the nine participants
achieved a MEP-score above 187.5 cmH2O during the first four training weeks.
For those participants, training at 80% of the mean MEP was not possible
from that moment onward, since the maximum setting of the EMST is 150
cmH2O. These participants continued their training on the maximum setting
of the EMST150-device. The three participants who used no plug during train-
ing showed increase of the MEP as well.

We observed no effect on spirometry outcome PEF over time (Figure 7.4).
Mean PEF values were 455.9L/min at baseline and 445.5L/min after four weeks
(95%-CI:baseline 374.8–537.0, 4wk 356.0–535.0). In this sample, no effect of
detraining was seen in PEF after reducing or stopping the training with a
mean PEF value of 405.3 at wk 8 (95%-CI:318.8–492.0).

No changes over time were found for self-reported pulmonary problems
(CCQ), vocal functioning (VHI-10), fatigue (SFQ). No differences were found
for outcomes in physical exertion (CPET, Borg scales). Objective assessment
of vocal functioning showed no differences in MPT and vocal range in Hz. Ex-
ception was dynamic range in dB, which increased from 26.4dB (95% CI 21.7 –
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122 7.4. Discussion

Figure 7.4: Individual Peak Expiratory Flow (PEF) scores over time in liter per
minute.

31.0) to 31.9dB (95% CI 28.8 – 35.0) after four weeks of training. After period
B vocal range in dB returned back to baseline values (mean 27.6dB 95% CI
23.1 to 32.2).

7.4 Discussion

To date, this is the first study to investigate feasibility, safety, and compliance
of EMST in a group of TL participants. EMST appears to be somewhat chal-
lenging, but feasible. MEP improved over time but this did not seem clinically
relevant for this group of relatively fit participants.

Challenges encountered the need for an adapter, skills of the participants
with plugging the voice prosthesis, placing the EMST150 with an adaptor on
the tracheostoma, and creating an airtight seal. One safety issue occurred with
a participant presenting without a voice prosthesis after a training session.
Nevertheless, compliance to the training program was high (>95%).

The results show a clear increase in MEP over time in contrast to PEF
values in which no change was seen. The increase of MEP as a result of EMST
is consistent with both biological rationale and former findings [14, 16, 18, 20,
22, 23, 25]. Baseline MEP scores were higher than predicted for eight out of ten
participants when compared with reference values for healthy adults [36]. No
normative MEP values for TL patients are found. The higher than expected
MEP scores might be the effect of frequent coughing and forced expectoration
which is present after TL. The high MEP values are in contrast with the study
of Hutcheson et al. [20], in which head and neck cancer patients suffering from
chronic aspiration were included. Their group showed reduced average MEPs
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Expiratory muscle strength training 123

at baseline [20]. Palmer et al. [24] reported a good MEP at baseline in their
group after partial laryngectomy and reasoned their candidates must have good
pulmonary support to tolerate some amount of aspiration during recovery.

We observed no changes over time for PEF outcomes. Contrary to the MEP
scores, baseline scores were lower than predicted for seven participants com-
pared with reference values [37]. No normative values for PEF in TL patients
are found. In the group of partial laryngectomy patients performing EMST a
significant increase in peak cough flow (L/min) was found, from below normal
prior to the intervention to within normal range after training.24 Peak expira-
tory flow rate also increased significantly with training in a group of elderly.26
It is worth questioning why PEF values did not improve in the studied group
of TL participants. A possible reason is impaired cough technique. As there is
no glottic closure, the higher built up pressure does not lead to increased flow.
Besides, no special attention was paid at the exhaling technique (i.e. generating
the force primarily using the rectus abdominis muscle, and keeping the thorax
maximally expanded during the first part of the forced expiration) during the
training.

The increase in MEP and vocal range in dB did not lead to an improvement
in the clinical relevant outcome measures regarding pulmonary function, physi-
cal exertion, fatigue, and vocal functioning. It was disappointing to see that no
clinically relevant benefits were found in the self-reported outcome measures.
This might be the result of a sample of relatively fit TL participants which
showed high baseline values in MEP and who mentioned no specific pulmonary
complaints. Despite an improvement in loudness, related to the dynamic range
in dB after four weeks of training, no changes in self-reported vocal functioning
(VHI-10) were seen.

Although this pilot study offered useful insights, there are some limitations
which should be mentioned related to the included group, use of EMST device
and performance of training and measurements. Because of the small number
of participants the results of this first EMST study in a TL group must be
interpreted with caution. The outcomes cannot be generalized to the entire TL
population. In particular, because the participants in our sample were all male,
all fluent tracheoesophageal speakers, and relatively fit from the start, they
may have progressed less and perceived less benefit, compared to what might
be expected from TL patients who are less fit and report explicit coughing
problems. Participants who achieved a MEP-score above 187.5 cmH2O contin-
ued the training with the device set at the maximum work load of 150 cmH2O.
It remains unclear if the increase in MEP would have been even larger in case
of training with an EMST device with a wider range. To measure the effect of
EMST with manometry, spirometry and CPET, adjustments were needed for
use on the tracheostoma. Problems creating an airtight seal and plugging the
voice prosthesis and the resulting air leakage could have influenced the results
of the training and the measured outcomes negatively. VHI-10, SFQ, CCQ
and Borg scales were best available questionnaires, although not specifically
validated for TL population, and should therefore be interpreted with caution.
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For future research, it should be considered to test EMST in a group of TL
participants without plugging the voice prosthesis prior to the training. If this
also results in improvements, users can be spared the hassle of plugging. Next to
this, special attention should be given towards exhaling technique used during
the training. It is recommended to assess effectiveness of the training in a large
group of participants which includes patients who explicitly report pulmonary
problems, less fit elderly participants, and women. Finally, there are still unan-
swered questions about the association between patients characteristics (e.g.
time since TL, flap reconstruction, neck dissection etc.) and effectiveness of
EMST.

7.5 Conclusion

This pilot feasibility study indicates that an EMST program is generally safe
and feasible in individuals following TL, although it requires adjustments of the
device and skills of the participants to perform the training. Compliance to the
training program was high. The EMST leads to an increase MEP, no evident
changes in PEF outcomes were found. An increase in dynamic range in dB
was seen, but this did not result in less reported voice handicap measured with
VHI-10. No effects were found in the voice parameters MPT and vocal range
in Hz, and ventilatory efficiency during exercise. For this relatively fit group of
TL participants, clinical relevant benefits measured with self-reported clinical
outcomes could not be determined. It is recommended to assess EMST in a
less fit TL population who specifically report pulmonary problems to further
investigate potential clinical benefit.
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CHAPTER 8

Women’s perspective on life after total laryngectomy: a
qualitative study

Abstract

Background: Physical and psychosocial challenges are common after total
laryngectomy. The surgery leads to lifelong changes in communication, air-
way, swallowing and appearance. As we move towards health models driven
by patient-centred care, understanding the differential impacts of surgical pro-
cedures on subgroups of patients can help improve our care models, patient
education and support systems. In this article, we discuss the experiences of
women following total laryngectomy.

Aims: This study aims to gain insight into the impact of total laryngectomy
on women’s daily life while identifying their specific rehabilitation needs.

Methods & Procedures: This article is based on in-depth, semi-structured
interviews with eight women who had undergone total laryngectomy. These
interviews were conducted with women at least one year after they had under-
gone total laryngectomy, and the participants did not have recurrent disease.
Using an interview guide, participants were encouraged to discuss their every-
day experiences, while also focusing on issues typical to women. The transcribed

0Appeared as: van, Sluis, K.E., Kornman, A.F., van der Molen, L., van den Brekel,
M.W.M., and Yaron, G. “Women’s perspective on life after total laryngectomy: a qualita-
tive study.” International Journal of Language & Communication Disorders. 55,2: 188-199,
2020.
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interview data were analysed by the method of Thematic Analysis, taking in-
terpretative phenomenological analysis as a lead.

Outcomes & Results: The interviews revealed three main themes: disease
and treatment as a turning point, re-establishing meaningful everyday activi-
ties, and persistent vulnerability. Participants reported experiencing challenges
in their rehabilitation process due to physical disabilities, dependency on oth-
ers and experienced stigma. Women-specific challenges arose in dealing with
the altered appearance and voice, performing care activities, and the spousal
relationship (including intimacy).

Conclusions & Implications: Women who undergo total laryngectomy are
likely to experience issues in returning to work, the performance of informal care
work, the spousal relationship, intimacy, and social interaction due to stigmati-
zation. Medical pre-treatment counselling and multidisciplinary rehabilitation
programs should help patients form realistic expectations and prepare them
for the changes they will face. A gender- and age-matched laryngectomized
patient visitor can contribute to this process. Rehabilitation programs should
incorporate the partner and offer psychosocial support for women following to-
tal laryngectomy to return to their former roles in family life, social life and
work-related activities.

8.1 What this paper adds

8.1.1 What is already known on the subject?

Total laryngectomy is a major surgery, which has a significant impact on af-
fected individuals’ quality of life. Patients are confronted with long term con-
sequences including communication problems, altered breathing, swallowing
issues, changed appearance, and psychosocial issues. The current, limited body
of qualitative literature on the impact of total laryngectomy predominantly
features the perspective of men. As a result, little is known about experiences
specific to women.

8.1.2 What this paper adds to existing knowledge

Using a qualitative approach, this paper shows that women after total laryn-
gectomy experience problems in returning to work, the performance of informal
care work, the spousal relationship, and spousal intimacy. Women dislike their
new voice and experience stigma due to their unusual voice and appearance.
This study demonstrates the value of peer support in pre-treatment counselling
and rehabilitation, especially with gender-matched and age-matched individu-
als.
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8.1.3 What are potential or actual clinical impications of
this work?

To adequately prepare female patients undergoing total laryngectomy, they
should receive counselling on the impact of the procedure on their everyday life.
A gender- and age-matched laryngectomized patient visitor can contribute to
this process. The provided counselling and support should involve the patient’s
partner so that the impact of the surgery on the relationship and family-roles
can be discussed. This will allow these females to form realistic expectations,
prepare them for the changes they will face, and help them re-integrate into
their former roles in family life, social life, and working towards work-related
activities.

8.2 Introduction

Total laryngectomy has major consequences for essential physical functions in-
cluding airway, swallowing, and speech. With the removal of the larynx, the
natural voice is lost and patients have to rehabilitate speech, often with help of
a voice prosthesis [1]. In addition, patients also have a changed appearance due
to the creation of a permanent tracheostoma. The physical alterations lead to
ongoing functional issues including reduced physical fitness, problems with food
intake, frequent coughing, and communication problems. As a result, patients
may be confronted with psychosocial issues [2, 3]. Since survival and compli-
cation rates improved over the last decades, scholarly attention has shifted
towards providing patients with optimal supportive care [1, 4, 5]. As we move
in the direction of health models driven by patient-centred care, understand-
ing the differential impacts of surgical procedures on subgroups of our patients
is important to help improve our care models, patient education and support
systems. Since the majority of patients undergoing this surgery is male, studies
into total laryngectomy are typically male-dominated. However, the proportion
of female laryngectomees is rising; therefore, research should explore possible
woman-specific needs and issues in laryngectomees.

Quantitative studies investigating gender-specific issues after total laryn-
gectomy show that women might be at risk for a lower global health status,
experience a greater impact on their relationship, and have more stigma-related
problems [6–9]. Graham and Palmer (2002) show that their studied group of
female laryngectomees were younger at time of surgery, were more likely to
be working, more often had no partner, had a lower income, had more post-
operative physical complaints, and relied more often on support from family
and friends instead of support groups compared to their male counterparts
[10]. Women run a greater risk of a negative impact of total laryngectomy on
their relationship than men after total laryngectomy [8]. Sexual problems and
problems with intimacy after total laryngectomy are present in both male and
female laryngectomees [8, 11]. The study of Offerman et al. (2015) demonstrates
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that women experience more sexual problems than their male counterparts do
following total laryngectomy. Furthermore, these female laryngectomees report
that there is less openness in discussing the consequences of their condition in
the family [8]. It is shown that women have a lower global health status and
quality of life after total laryngectomy [7]. The procedure might impact women
more in social functioning than men because of the lower pitched voice and
altered appearance [6].

Qualitative research can contribute in gaining insight in women-specific
needs, since it highlights issues and needs from the patient’s perspective. How-
ever, the number of qualitative studies into the daily impact of total laryn-
gectomy is still limited [12–15]. Existing studies focus on daily functional and
psychological difficulties of patients, demonstrating that they struggle with the
cancer diagnosis, psychological issues (e.g. anxiety, depression), and adjusting
to life after total laryngectomy. Because this body of literature predominantly
features the perspective of men, little is known about experiences specific to
women. Gardner (1966) first describes the impact of total laryngectomy in
affected women. Their focus on proper wifely duties and attitudes is fairly
outdated, although it does confirm the presence of gender-specific issues [16].
Dooks et al. (2012) present a single female participant in their qualitative study
as a contrast case, since she was the most tearful and depressed [13]. Bickford
et al. (2013) suggest that women after total laryngectomy have specific needs,
since one of the female participants in their qualitative study indicates that she
would appreciate having contact with other young female laryngectomees [12].
Several authors state that future research should address the specific issues and
needs of women [6, 12, 13].

Addressing this gap in the literature, the present article aims to provide
insight in the everyday impact of total laryngectomy on women, while examin-
ing their specific rehabilitation needs. This study uses a qualitative approach
to investigate women’s experiences following total laryngectomy, with a special
focus on the period surrounding the procedure and long-term functional and
psychosocial outcomes.

8.3 Methods

This article is based on a qualitative descriptive study focusing on women’s ex-
periences following total laryngectomy. Interpretative phenomenological anal-
ysis as a qualitative approach is used in order to explore and understand the
experience of a particular phenomenon, in this case experiences of women living
with total laryngectomy. Braun et al.’s method for thematic analysis was used
as a guideline to structure the analysis process [17].

After obtaining ethical approval, possible participants were selected from
The Netherlands Cancer institute Antoni van Leeuwenhoek. Inclusion criteria
were: female; the total laryngectomy was at least one year ago; and they did
not have recurrent disease. There were 32 possible candidates. A maximum
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sampling strategy was used to include a diverse group of women in terms of,
for instance, relationship status, number of years since total laryngectomy, eth-
nicity. Another consideration was to include participants who had acted as a
patient visitor. Eight candidates were approached for the study. They were pro-
vided with the participant information form, and contacted one week later to
determine intent to participate. All agreed to participate. The number of par-
ticipants was determined by saturation of the data. Participants were between
60 and 77 years old and were operated 1 to 31 years ago. Two participants had
undergone total laryngectomy as a primary treatment, three a salvage proce-
dure, and three due to a dysfunctional larynx after previous treatment. All used
a voice prosthesis to communicate. Seven participants were able to speak in flu-
ent sentences, one participant was limited in her verbal communication and had
a poor intelligibility. One participant needed nutritional support, and one was
limited in her verbal communication and also partly tube feeding dependent.
At time of the interview, six respondents had a partner, one was single, and
one was a widow (see Table 8.1 for participants’ characteristics).

The interviews took place between December 2017 and March 2018, were
conducted at respondents’ private homes and lasted around 90 minutes. Before
the start of the interview participants signed informed consent forms. In four
cases the partner was also present during the interview.

The interviews were mostly conducted by two interviewers ((alternating KS,
AK and GY). KS, MSc, works as a speech therapist and PhD-student and has a
background in health sciences. AK, MSc, works as a speech therapist and junior
researcher and has a background in health sciences. KS and AK were already
familiar with some of the participants due to their clinical work as speech
therapists. MB, MD, PhD, is a head and neck surgeon. LM, PhD, works as a
postdoctoral fellow and speech therapist. GY, PhD, works as a postdoctoral
fellow and has a background in medical humanities and qualitative methods in
healthcare research.

The interviews were conducted using an interview guide, a so-called semi-
structured approach (see appendix 1). The guide was developed by deriving
topics from the existing qualitative literature [12, 13, 15] and reviewed by an
expert panel of healthcare professionals. A Roland Edirol digital recorder and
Logitech HD Webcam C510 was used to obtain audio and video recordings
of the interviews. Video recordings were used to support intelligibility in case
of poor voice outcomes. All interviews were transcribed verbatim. After each
interview, participants were asked whether they would be willing to answer
follow-up questions via email. All eight participants agreed, three were subse-
quently approached. Two of them gave a written response.
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The interview data were analysed following the six phases described in the
method of thematic analysis [17], while also taking interpretative phenomeno-
logical analysis as a lead [18]. This method for the analysis of interviews empha-
sizes how respondents make sense of their own subjective experiences, in partic-
ular those following a life-changing event. In accordance with both methodolog-
ical approaches, the first step includes familiarization with the data by repeat-
edly reading the transcriptions. In addition, the interviewers all wrote short
reflection reports following each interview (phase 1, [17]). Coding and analysis
were initiated by highlighting potential codes together. Weekly meetings were
held to discuss project’s progress, initial coding, and the analysis (phase 2,
[17]). Next, members of the project team each coded a share of the interviews,
while also regularly discussing the coding process together. After going through
the first two interviews by hand, NVivo software (v11) was used to structure
the coding process, creating a long list of codes along the data set. Inter-coder
reliability was monitored by keeping a master list of all codes, tracking all
changes, and regularly discussing these. Next, in an iterative process encom-
passing several joint sessions, codes were sorted into potential themes (phase 3,
[17]). To visualize relationships between codes and themes, a ‘mind map’ was
created (phase 4, [17]). This process resulted in a set of three fully worked-out
themes, each encompassing three sub-themes (see Figure 8.1) (phase 5, [17]).
Themes cover recurring issues, as well as issues that respondents indicated were
meaningful to them. The themes and categories were checked against the entire
data set by AK. The report of the analysis served as a basis for the present
article (phase 6, [17]). After finishing the first draft of the report, a two-page
summary was created to perform participant checking. The participants re-
ceived this summary by mail and were invited to respond via a response form
or telephone. No comments were provided by the participants.

8.4 Results

Three main themes were identified: “Disease and treatment as a turning point”,
“Re-establishing meaningful everyday activities”, and “Persistent vulnerability”
(visualized in Figure 8.1). This section discusses each theme. The first theme
is presented more briefly due to overlap with existing qualitative literature on
the experiences of individuals undergoing total laryngectomy [12, 13, 15].

8.4.1 Disease and treatment as a turning point

This first theme highlights the fact that respondents experienced their disease
and its treatment as a turning point in their lives. This shift already started
before the procedure, when participants were first confronted with symptoms
and functional issues, received their diagnosis, and were offered a treatment
plan. When presented with the treatment plan, some respondents initially felt
an aversion to total laryngectomy:
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Figure 8.1: Three main themes and sub-themes that resulted from the analysis of the
interviews.

I used to say: ‘I’ll have everything [medically necessary] done but
not that.’ Because I had seen people [with total laryngectomy] walk
around in the hospital, and then I said: ‘That’s not for me.’ I’m not
going to walk around with a hole in my throat. (Participant 5)

Some needed to go into surgery quickly, which was distressing and required
last-minute practical arrangements. One participant spoke about the impact
the procedure had on her family life; her adolescent children and partner had
to make a lot of effort to combine normal family life, school, and work with
visiting the hospital and caring for their mother/wife.

Participants’ expectations regarding the surgery and its outcome were shaped
by the preoperative counselling they received in the hospital, information pro-
vided by patient visitors (a laryngectomized individual), and information they
had sought themselves. Two respondents said the counselling they received from
the hospital was too technical; they missed receiving information about the
daily implications of having total laryngectomy. All participants remembered
their pre-operative meeting with the laryngectomized patient visitor vividly.
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Many were relieved to meet someone who had undergone the surgery, and could
still speak, eat and function well. This provided a positive, hopeful image of life
after total laryngectomy. Three respondents stated that this meeting convinced
them to undergo the procedure. However, some respondents indicated that, in
hindsight, the laryngectomized patient visitor had provided an overly positive
image of the surgery’s outcome and that they neglected to discuss ongoing dif-
ficulties. Most emphasized the importance of meeting an individual who had
already undergone the surgery to obtain an understanding of the procedure’s
outcomes (e.g. voice, functioning).

During their stay in the hospital and the first period at home, respondents
experienced challenges in adjusting to their altered body. After the surgery,
when recovering on the hospital’s ward, they were not able to speak. To com-
pensate, respondents used mouthing, gestures, and writing to communicate.
They indicated that being unable to speak can be severely distressing because
it interferes with the capacity to communicate one’s concerns clearly and in
real time. Before and during standard medical procedures (e.g. suctioning mu-
cus out of a tracheostoma), participants experienced little opportunity to ask
questions, and their voiceless expressions of discomfort were brushed aside.
Learning to speak again was often a physical and emotional challenge. All re-
spondents disliked the sound of their new voice; they described their voices
as “unfeminine”, “unpleasant,” “gruff”, “scratchy” or “grumpy”. Functional is-
sues respondents mention included reduced physical fitness, the need for use of
medical aids, swallowing difficulties, and managing mucus discharge from the
tracheostoma.

8.4.2 Returning to everyday activities

The second theme captures respondents’ experiences as they tried to return
to everyday activities after recovering sufficiently. Their re-integration into ev-
eryday life took place in three main domains: social life, hobbies, and (care)
work.

Social life

Respondents described the impact of total laryngectomy on the relationship
with their partner. Married respondents mostly experienced their husband as
helpful and understanding, although they described becoming more dependent
on their spouse, as the total laryngectomy reduced their ability to fulfil care
activities such as cooking and looking after (grand)children. This led to shifts
in the relationship’s give-and-take balance, alterations in familiar role patterns,
and changes in expectations between laryngectomee and partner:

I came home quite disabled, (. . . ) I couldn’t speak well [and experi-
enced] much coughing. [So, my husband] really thought: ‘my God,
I‘m stuck with an old woman’. (. . . ) At one point I thought: I am
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going to leave him. (. . . ) I refused to be a wife who is just being
tolerated. (. . . ) Like some kind of glorified housemaid, you know.
No way. Take it or leave it. (Participant 7)

Three respondents discussed their experiences regarding sexual intercourse.
One respondent started having intercourse again after bringing this subject
up with her husband; she stated that she needed intimacy. Two respondents no
longer had sexual intercourse after total laryngectomy. One indicated that she
did not feel comfortable to have sex because of her changed voice and the risk
of coughing. The single participant had her total laryngectomy at the age of 45
and did not find a partner after surgery. She started to date after her rehabili-
tation period. Before the procedure, she experienced being quite popular with
the opposite sex. After being rejected repeatedly because of her voice after the
surgery, she stopped dating. One respondent gave birth to two children after
her surgery. She discussed her wish to conceive with her specialist, since she
worried about her physical abilities (e.g. push during labour). In hindsight, she
indicates that she did not experience any problems from her condition dur-
ing this period, except for the voice prosthesis which was dislocated due to
hormonal changes.

Participants experienced changes in social contact with unfamiliar people.
Participants frequently experienced negative reactions or assumptions regard-
ing their voice, in direct interactions as well as over the telephone. Many re-
spondents discussed being self-conscious about their appearance and how they
present themselves to others, by covering their stoma, for example. Some men-
tioned listeners associate the sound of their altered voice with being grumpy
or interpret it as masculine. As one participant stated:

the post office about a delivery, [they’d say]: ‘Sir, stop complaining.’
And then when I would come pick it up, they would say: ‘Oh. . . ’.
They always think I am a man [before seeing me]. (. . . ) People [also]
treat me gruffly. Then, when they see me in real life, they suddenly
become very friendly. (Participant 4) (When I would telephone)

Among family and friends, participants often experienced understanding
and support. Nevertheless, these intimates also needed to get used to the alter-
ations following total laryngectomy. In particular, respondents’ new method of
speaking, which is slower, less clear, and less loud, affected their ability to inter-
act with others. All respondents experienced limitations in social situations that
require shouting, whispering, singing, reading out loud, providing quick retorts,
or expressing emotions vocally (e.g. laughing, crying). Consequently, some par-
ticipants eventually withdrew from social situations that involved groups:

is different when everyone is over here [at my house] for my birthday.
You barely hear me talking then. I’ll just be sitting there, watching
everything. It is harder for me to be intelligible [in a group]. [So] I
just don’t [speak]. (Participant 1) (Communicating)
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The total laryngectomy also led to new social contacts, especially with peers
(individuals who had undergone the same surgery). The respondent who had
her surgery at age of twenty-nine realized that she could not relate to the
experience of elderly laryngectomized individuals when she visited a patient
meeting:

I went [to a patient meeting] twice. First of all [. . . ], they were all
much older than me. Discussions were like: “My grandchildren will
not hear my own voice”. And I thought: “Well, come on, my children
have never heard my voice. You know what, [this setup] didn’t fit
my experiences.” (Participant 7)

Hobbies

To take up their former hobbies, participants either made practical adjustments
so they could still perform these after total laryngectomy or took up new leisure
activities. One respondent modified her boat to decrease the risk of falling
into the water. Many participants developed new interests and hobbies that
would be easy to engage in despite their condition (e.g. sewing clothes, making
necklaces to cover the stoma, gardening). Two participants joined a special
choir for head and neck cancer patients. This enabled them to enjoy singing
and performing and to have fun with their voice again.

(Care) work

Four respondents had a job before the total laryngectomy, but none of them
was able to return to it following their surgery since these positions required
much speaking (e.g. teacher, secretary, saleswoman). Two participants actively
sought a job after their total laryngectomy and got rejected repeatedly during
the application process.

The first years after my laryngectomy I still applied [for vacancies]
(. . . ). The first years, I thought [my condition] wasn’t too bad. I
didn’t realize how severe it was. How many disabilities I had (. . . ).
After five or six years I stopped [applying], thinking: ‘This isn’t
going to happen’.” (Participant. 4)

All respondents of working age were declared unfit to work. Nevertheless, five
respondents started work-related activities. Some started volunteering in their
community or within the Dutch organization for head and neck cancer patients
(e.g. patient-visitor, providing lessons). They valued their ability to help others
by sharing their own experiences. Others set up their own business in order to
remain financially secure; one provided painting lessons to small groups, and
one started her own bed and breakfast.

Most participants were still able to perform (some) informal care-work, in-
cluding household activities and taking care of others. Nevertheless, those who
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required assistance from their husband, relatives or a household help reported
they had difficulties transitioning from being the care provider to being its re-
cipient. They found it hard to delegate or outsource tasks such as cooking or
cleaning:

Taking care of the household and not wanting to delegate [tasks]
(...) is really very difficult for me. (...) I now need a whole week for
things that previously took me one day to accomplish. (Participant
5)

Respondents who regularly took care of children, especially (grand)mothers,
mentioned that it was difficult for them to warn a child in a dangerous situation,
and experienced challenges while singing or reading books. Just calling out to
capture a child’s attention in public also proved potentially embarrassing—and
therefore more challenging:

And with my kids, (...) at the shops, I would clap my hands and
then they’d know: ‘Oh, mama is calling’. Because I didn’t want to
[shout] then, in such a shopping mall. (...) You really don’t want to
stand out [with your unusual voice], then. (Participant 7)

8.4.3 Persistent vulnerability

The third theme identified in the interviews was persistent vulnerability. Al-
though participants found various ways to return to the daily activities, they
experienced vulnerability, including physical disabilities, dependence on others
for support, and stigma.

Physical disabilities

Participants were confronted with a number of ongoing physical changes in
breathing, swallowing, speaking and appearance. The physical limitations of
the tracheo-esophageal voice made respondents apprehensive about situations
where they were dependent on their verbal abilities. One participant noted that
she feared being unable to call for help during an emergency due to living alone:

It is a lot harder when you’re single; (...) being unable to talk is very
frightening (...) when you’re home alone and thinking that you’re
choking or something (Participant 4)

All respondents reported consciousness of dealing with water in daily settings,
such as being on a boat, cycling near open water or taking a shower.

Dependency on others

Due to the changes after total laryngectomy described above, some participants
reported a continuous dependency on their social network and on healthcare. In
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some situations, such as using the telephone, participants needed family mem-
bers or partners to speak for them. One participant spoke about the support
she required in caring for her young children:

When we would go swimming with [my] kids, I always took a friend
with me, because well, I had to be able to send someone into the
water [if necessary] since I can’t do it myself. (Participant 7)

Some participants received financial support from relatives. Others remained
dependent on family members and friends for transport to the hospital or other
forms of medical care. Respondents reported a dependence on healthcare as
well, since they kept requiring medical support, e.g. managing problems with
the stoma and the voice prosthesis. When travelling, participants preferred
being treated in a specialized centre, since healthcare professionals are not
always familiar with total laryngectomy. For a number of respondents, this all
meant they were hesitant to leave town or go abroad.

Experienced stigma

Participants reported experiencing stigma regularly, especially in the form of
unwanted attention: other people staring at their stoma, making (offensive)
comments or asking (intrusive) questions. One participant shared her experi-
ences of being bullied by neighbourhood children:

(...) Children ringing the doorbell, [shouting]: ‘Witch, witch, you
cannot talk!’ (. . . ) ‘Say something, say something!’ (...) To me that
is awful. (Participant 4)

The respondents assumed that this unwanted attention resulted from other
people’s unfamiliarity with total laryngectomy. Managing unwanted attention
was bothersome or difficult for some participants.

When asked directly, most participants indicated that a total laryngec-
tomy impacts men and women in similar ways due to the physical issues in-
volved. Nevertheless, some respondents proposed that the challenges affected
women face in daily life are bigger, especially in social situations. They pre-
sumed women speak more and are judged on their appearance and voice more
than men. Participants gave examples of women-specific stigma they had ex-
perienced, including being taken for a man over the telephone and receiving
comments about how they look or about their low-pitched voice.

8.5 Discussion

As the stories of women with total laryngectomy reveal, both their disease and
its treatment formed a turning point in their lives. Respondents made efforts to
re-integrate into the social communities they belonged to before their surgery
and return to former everyday activities. All found various ways to participate
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in daily life again. Nevertheless, participants remain persistently vulnerable
after total laryngectomy, because of the effort required by foreseeing and man-
aging functional, social, and health-related issues. As a result, participants are
required to continuously manage their disabilities as well as other people’s re-
sponses to them. The disease and its treatment mean that both body and self
are radically and irrevocably altered.

This study explored the perceptions of females on their life after total laryn-
gectomy and shows the presence of women-specific issues. Interestingly, when
asked directly, most participants did not think there were substantial differences
between the experiences of men and women after total laryngectomy. Similarly,
Graham and Palmer (2002) found that responses of men and women after to-
tal laryngectomy were more similar than dissimilar [10]. The study of Lee et
al. (2010) showed that females following total laryngectomy had significantly
lower global health status than males and lower levels of physical, emotional,
cognitive and social functioning [7]. Our findings illustrate that some of the
challenges participants experience are due to their inability to adhere with so-
cietal expectations regarding feminine roles and activities (e.g. taking care of
others and the home, looking attractive, having a high pitched voice). Many re-
spondents discussed being self-conscious about their appearance and how they
present themselves to others. In addition, they all disliked the sound of their
voice, which several described as unfeminine. Our findings herein therefore cor-
roborate Cox et al.’s (2015) hypothesis that changes in voice, sound, and speech
quality after total laryngectomy lead to a loss of femininity [6].

Our study also demonstrates that the relationship of women with their
partner is influenced by the total laryngectomy. Cancer treatment in general
impacts the spousal relationship [19, 20]. Offerman et al. (2015), showed that
female laryngectomees run a greater risk of a negative impact of total laryn-
gectomy on their relationship than their male counterparts [8]. Specifically, our
results show that the surgery and its aftermath leads to a noticeable shift in
give-and-take balance between partners. This shift is presumably associated
with the fact that women in a heterosexual relationship still mainly perform
the majority of household chores [21, 22].

In line with this point, this study also revealed women-specific issues in
participants’ performance of informal care-work. Some respondents found it
hard to depend on others who cared for them or delegate household chores
after the surgery. Problems with informal care-work were also a recurring topic
in interviews for participants who were (grand)mothers. Earlier studies on the
impact of total laryngectomy on affected individuals did not investigate how
care-work activities take shape in daily life after the procedure. Again, since
the majority of child-care is still performed by women [23], (informal) care-
work is a domain in which gender differences are still very much relevant.
To further investigate the impact of total laryngectomy on women therefore
required addressing both shifts in the spousal relationship and care-work.

Issues pertaining to femininity also arose in the areas of intimacy and sexu-
ality. Research shows that libido and sexual problems are common after treat-
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ment for laryngeal cancer in both male and female patients [11]. Singer et al.
(2008) showed that having reduced physical strength (“not enough stamina”)
rather than the changes in appearance and/or the sputum are considered as
most problematic for having sexual intercourse [11]. By contrast, our study
suggests that the issues women experience herein involve both their altered
appearance and functioning, i.e. physical disabilities. Thus, our respondents
worried that the noises their stoma produces and their coughing fits might be
unattractive to their partner or interfere with the intercourse. Similarly, a Of-
ferman et al.’s (2015) study on the impact of total laryngectomy on the spousal
relationship showed that female laryngectomees experience more deterioration
in their sexual relationship and more sexual problems when compared to their
male counterparts [8]. Further research should explore the role of appearance,
functionality and physical strength in reduced sexuality in male as well as fe-
male patients.

The women in our study who were of working age could not return to
their former job after surgery. After a period of recuperation and adaption,
most wanted to re-integrate into work activities nevertheless. In the end, two
respondents started a business, and three turned to volunteer work (one com-
bined the two). In a study conducted by Graham and Palmer (2002), the female
laryngectomy participants included were younger at time of surgery [10]. As a
consequence, more females compared to males were working or on disability
leave after surgery [10]. This highlights the importance of returning to work-
related activities for women following total laryngectomy. Well’s et al.’s (2013)
systematic review of qualitative studies exploring return to work after can-
cer demonstrates that successfully returning to work depends on shifts and
adjustments in each aspect of what is already a complex set of factors at the
individual, organizational and societal level [24]. Successful return to work after
total laryngectomy might be influenced by former work activities, functional
outcomes and adjustment, and age at total laryngectomy. As our results sug-
gest, it also depends on gender. Our respondents—and women generally—are
still predominantly employed in areas such as teaching, administration, or care,
which involve communication and service-orientation.

All eight respondents in this study have (had) contact with peers. Peer
support is highly satisfying for people with cancer [25, 26]. Peer support pro-
vided by a laryngectomized patient visitor can play an important role in both
information giving and counselling before surgery [1, 27, 28]. Indeed, all eight
participants of this study remembered the pre-operative meeting with a la-
ryngectomized patient visitor vividly. Although the female participants of our
study did not explicitly indicate that they would have liked to meet a female
patient, we suggest such a match might aid prospective women laryngectomees
form realistic expectations concerning voice quality, appearance, and other out-
comes that may affect women differently than men. Similarly, one respondent
who received her surgery at age 29 indicated she could not relate to elderly
peers. Earlier research, too, shows that younger female laryngectomees prefer
contact with younger peers [12].
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8.5.1 Recommendations for clinical practice

The insights provided by this study may help improve clinical practice by en-
abling a more patient-centred approach in pre-treatment counselling and reha-
bilitation. As we move towards health models driven by patient-centred care,
understanding the differential impacts of surgical procedures on subgroups of
our patients, in this case women, is critically important to help improve our
care models, patient education and support systems. We support the conclu-
sions of earlier research recommending personalized rehabilitation provided by
a multidisciplinary team and recognize the presence of unmet supportive care
needs in women undergoing total laryngectomy [2, 3, 7, 9, 12, 29–31].

First, we recommend that standard pre-treatment counselling procedures
be re-evaluated. Counselling involves exploring patients’ priorities, values and
concerns about the treatment and the outcome, as well as possible benefits,
risks and implications of the treatment options [27, 28, 32]. However, we rec-
ommend that the information given also includes expected everyday issues after
the procedure, specifically as experienced from a patients’ point of view. This
implies providing information on gender-specific issues. It therefore seems pru-
dent to match patients and patient visitors based on both gender and age to
facilitate realistic expectations and enhance peer support possibilities.

Secondly, we recommend tailored rehabilitation programs following total
laryngectomy, with attention to gender-specific issues. Our study suggests that
women face specific problems while reintegrating on an individual as well as
on a societal level after total laryngectomy. Lee et al. (2010) propose that
women may particularly benefit from rehabilitation programs which aim to
improve emotional and social functioning post-laryngectomy, since they found
this to be significantly impacted in female laryngectomees. Our study shows the
persistent vulnerability on the long term including the dependence on others,
stigma-related problems, and problems with returning to the former job. Thus,
rehabilitation programs should include psychosocial and practical support to
pursue participation in social activities and work-related activities.

Thirdly, it is important to involve the partner in the treatment and reha-
bilitation process. Women following total laryngectomy experience a greater
impact of the procedure on their relationship than men [8]. Our study specifies
this with the reported shift in give-and-take balance of the spousal relationship,
challenges in performing care work, and problems with intimacy. We therefore
highlight the importance of involving partners in the process of rehabilitation
and recommend that clinicians create openness in discussing the impact of the
surgery on the relationship and family roles. This will allow females following
to re-integrate into their former roles in as well family, social life as in work.

This study has some limitations. Qualitative research in general is never
representative for the entire population, because it draws on the experiences of
a relatively small sample. Also, since only women were recruited, experiences
specific to men were not addressed in this study. However, the main themes
“Disease and treatment as a turning point”, “Returning to everyday activities”
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and ”Persistent vulnerability” are likely to occur with men as well. Furthermore,
the study necessarily included participants who had a relatively high level of
speaking proficiency with their voice prosthesis and were therefore able to ex-
press themselves verbally. Despite this bias, our findings illustrate a wide range
of issues beyond communication. This paper therefore provides an impression
of an extensive range of possible issues women may be confronted with after
total laryngectomy.

8.6 Conclusions

The accounts provided by the women interviewed in this study show that un-
dergoing total laryngectomy has a major impact on their everyday life. The
disease and its treatment form a turning point in their lives, after which they
experience challenges in while returning to everyday activities and persistent
vulnerability. Women-specific issues are present in returning to work, the per-
formance of informal care work, the spousal relationship, intimacy, and social
interaction (mostly stigmatisation due to voice and appearance). The aim of
this study was to reveal women-specific issues, but we nevertheless assume that
some of the reported issues are present for men as well. Based on the findings of
this study it is recommended to include information on changes in daily func-
tioning in the pre-treatment counselling procedures, and the contribution of
an aged-matched and gender-matched patient visitor would be valuable. Tai-
lored rehabilitation for women following total laryngectomy is recommended
to enhance participation in social roles and work-related activities. Within this
process of treatment and rehabilitation, it is important to involve the partner
in order to discuss the impact of the surgery on the relationship and family
roles. To fully understand the gender-specific aspects of total laryngectomy, fu-
ture research should focus on the particular ways in which the procedure affects
both women and men in specific areas of daily life (e.g. returning to work, care
activities, and intimate relationships).
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CHAPTER 9

General discussion

The typical clinical trajectory for total laryngectomy patients is oriented to-
wards curative treatment, restoring communication, and reducing functional
issues patients have to cope with. In this thesis we investigated the multidimen-
sional impact of this surgery by exploring voice and speech outcomes (section
1) and functional issues and well-being (section 2) following total laryngec-
tomy. Within this discussion, the implications of the studies are discussed, and
recommendations for further research and clinical practice are made.

9.1 Voice and speech outcomes

9.1.1 Summary of the findings

Speech rehabilitation methods

With the systematic literature review in Chapter 2, we investigated the differ-
ent types of speech rehabilitation methods after total laryngectomy and report
objective and subjective outcome measures. For several decades detailed studies
on voice outcomes have been published, investigating acoustic and perceptual
outcomes. Most studies include small groups of participants and there is a dif-
ference in offered speech rehabilitation methods. The earlier studies primarly
show mostly outcomes on esophageal speech and electrolarynx speech, while
more recent studies do evaluate tracheoesophageal speech.

The studies included in this systematic literature review show that tra-
cheoesophageal speech offers the most natural speech result after total laryngec-
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tomy. Nevertheless, values for acoustic, perceptual, and speech related quality
of life (QoL) are abnormal compared to healthy laryngeal speakers. Tracheoe-
sophageal speech has favourable outcomes on acoustic features as fundamental
frequency, loudness and maximum phonation time. For both tracheoesophageal
speech and esophageal speech the sound source is the PE-segment. In tracheoe-
sophageal speech, the mucosal vibrations of the neoglottis are driven by the
lungs. It is likely that this pulmonary air stream leads to more fluency, longer
phonation time and louder speech, resulting in a better acoustic and percep-
tual outcome. For electrolarynx speech it is not relevant to perform acoustic
analysis, since fundamental frequency and loudness are mechanically produced.

Results in speech-related QoL were variable between the different speech re-
habilitation methods that are offered. There are only few studies which compare
different groups of speakers and within these studies different instruments are
used. Several of them have only included excellent speakers, which leads to an
inclusion bias. As a consequence, we had to conclude that in all three groups of
speakers abnormality is observed in their reported speech-related QoL. Train-
ing period and satisfaction of the reached result might be of influence in the
reported handicap. It is the case that, esophageal speakers have to train for a
long period, most patients need six months to accomplish intelligible and flu-
ent speech. Therefore, when they are evaluated after this training period they
are proud and satisfied with their accomplishment. In contrast, electrolarynx
speech is mostly possible in one session, although intelligibility issues occur.
The training period for tracheoesophageal speech differs from a few sessions
up to several months of training with a speech language pathologist (SLP).
The amount of needed training and level of succes might have an influence on
reported speech- related QoL.

Prospective evaluation of voice outcomes

In Chapter 3 we prospectively evaluated voice and speech outcomes from be-
fore up to one-year post-laryngectomy. This study has been conducted over two
countries and five hospitals; all patients who were admitted to total laryngec-
tomy in the study time frame have been approached for inclusion. Aiming to
overcome an inclusion bias by only including excellent speakers, we chose to
prospectively assess patients over time. The study shows the variation between
speakers. Voice outcomes decrease from pre- to post-surgery, which is seen in
the AVQI scores and perceptual outcomes. Voice rehabilitation is insufficient
in most participants who decease within the first year following surgery. This
means that they often have no verbal communication method in the palliative
stage of their life. Nevertheless, the study participants who were included in the
study at one year post-surgery do reach acceptable tracheoesophageal speech,
this was the case in 20 of the 22 included participants at the 12 months post-
surgery assessment acquired tracheoesophageal speech. This is also reflected in
the speech-related QoL outcomes, and overall reported QoL, which improves
in the long term.
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Intelligibility issues in tracheoesophageal speech

In Chapter 4 we investigated the intelligibility issues in tracheoesophageal
speech by exploring acoustic features. This dedicated acoustic study consists of
a within-subjects study design in which participants are studied pre- and post-
surgery. The study shows that the acoustic contrast is reduced after surgery,
with the features of the word-initial, voiced, /d/, becoming more like, unvoiced,
/t/. The presence of prevoicing decreases and the burst-duration of this initial
consonant increases. Thus, the difference between word-initial /d/ and /t/ be-
comes smaller after treatment, which explains a part of the intelligibility issues
which occur in this patient population. With the dataset created with our
prospective study, valuable speech data including pre- and post-laryngectomy
recordings are obtained. This can help future work to further investigate in-
telligibility issues, as well as develop clinical applications and interventions to
enhance understand ability of tracheoesophageal speech.

Long-term stability of tracheoesophageal speech

In Chapter 5 we assessed long-term speech outcomes for tracheoesophageal
speech. With the ongoing improvements in long-term oncological treatment,
survival rates increase. Therefore, patients who have undergone total laryn-
gectomy have to speak a substantial number of years with tracheoesophageal
speech. The study on long-term voice outcomes of tracheoesophageal speakers
in chapter 5 shows the long-term stability of this type of speech. On average,
a slight decrease in voice quality and intelligibility is seen after a follow -up 7
to 8 years after total laryngectomy, however some participants showed better
voice quality and intelligibility outcomes on the long-term. The general slight
decrease of voice quality and intelligibility might be the effect of aging factors.
A lot remains to be learned about the impact of aging on voice quality and the
(details about) physiological changes of the PE-segment for total laryngectomy
patients.

With the general increased age expectancy, there can also be co-morbidities
in total laryngectomy patients, which affect speaking as well. All morbidities
which affect general fitness, pulmonary functioning, or posture are likely to
influence the capability of the laryngectomized person to use tracheoesophageal
speech.

9.1.2 Measuring voice and speech outcomes after total
laryngectomy

To adequately measure and monitor voice and speech outcomes following total
laryngectomy, assessment tools are needed. We will discuss the instruments
used in the various studies which are included in this thesis, their usability,
reliability and validity in evaluating speech after total laryngectomy.
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Automated acoustic outcome measures

The studies included in the systematic literature review presented in Chap-
ter 2 use a great number of acoustic outcome measures. Therefore, in this
thesis we chose to evaluate a range of traditional acoustic measures includ-
ing fundamental frequency (F0), jitter, shimmer, intensity, and spectral tilt, as
well as signal-to-noise ratio computations including Harmonics to Noise Ratio
(HNR), and percentage of voicedness (%voiced) and maximum phonation time
(MPT) [1, 2]. These outcome variables are frequently used in the literature, al-
though the validity and clinical utility of many of these acoustic measures has
been strongly debated [3–5]. Some studies discussed in Chapter 2only included
excellent speakers and excluded audio samples of tracheoesophageal speakers
which were too aperiodic to perform acoustic analysis [6–10]. With the ape-
riodic characteristics of tracheoesophageal speech, the use of these standard
acoustic outcomes is debatable [1, 2, 11, 12]. It is troublesome to compare
groups of speakers (over time, between studies etc.) with this high number of
acoustic parameters. Each study applies different assessment protocols, record-
ing equipment, and software for analysis which reduces the comparability of
outcomes between studies.

In chapter 3 and chapter 5, we therefore decided to use the Acoustic Voice
Quality Index. To date, AVQI has not often been utilised for evaluating voice
quality after total laryngectomy, however it provides several benefits in struc-
tured voice evaluation and therefore is a promising tool. Since it produces one
outcome score rather than many individual scores, it has a better usability and
comparability within the subject as well as in-between subjects’ study designs.
Chapter 3 shows the need for separate validation of this scale for use in tra-
cheoesophageal speech. The AVQI scale has originally been developed to assess
dysphonia in laryngeal speakers [5]. In our prospective study we show that pa-
tients admitted to total laryngectomy already have abnormal AVQI values be-
fore surgery, which worsen after surgery when evaluating the tracheoesophageal
speech samples. The AVQI scores do correlate well with the perceptual rated
voice quality and intelligibility scores. Therefore, AVQI provides consistent in-
formation on both perceived voice quality and intelligibility.

Patient-reported outcome measures

In this thesis chapters 2 and 3 include patient-reported outcome measures
(PROMs). With the help of these PROM questionnaires the patients’ function-
ing has been assessed. This is an essential part in evaluating communicative
functioning, including voice problems and intelligibility issues [13]. The studies
in the systematic review show the use of different questionnaires, including VR-
QOL, VHI-30, and VHI-10. None of these questionnaires have been specifically
validated for total laryngectomy patients, but since these questionnaires are the
best available instruments and widely used in dysphonia research, they are also
used often in this patient group. However, there is a need for a questionnaire
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which does evaluate the specific problems patients after total laryngectomy face
in intelligibility, voice quality and daily communication.

With the shift towards patient-centred care, it is essential to incorporate
the patients’ view on the communicative outcome. Using PROMs has advan-
tages; it is not time-consuming and can be used multiple times over time to
detect changes during the rehabilitation process. It has to be noted that in
our prospective study, we seemed to detect a response shift. A response shift
refers to the shift in internal standards, values, and meaning of QoL. After
surgery, some participants express they are happy to be alive and satisfied
with their communicative abilities. This results in normal PROM scores, whilst
they reported abnormal scores before surgery and the objective measures show
a worsening of voice quality. The response shift can be explained by the ability
of human beings to adapt to life events. In future research investigating this
response shift, specifically for the head and neck cancer group, is valuable to
define what speech-related QoL means for individuals before and after treat-
ment. Further developments in generating condition-specific questionnaires and
computer-adaptive testing can improve targeted monitoring of QoL outcomes.

Perceptual instruments

In the studies in this thesis we focus on a general score for perceptually rated
voice quality and intelligibility. These parameters are derived from the IIN-
FVo scale, where impression, intelligibility, noise, fluency and voicing are eval-
uated [14]. The IINFVo scale has been developed to evaluate tracheoesophageal
speech, which requires different aspects of evaluation. The scale includes spe-
cific aspects which are interesting for tracheoesophageal speech, for example
the unintended additive noise during speaking. For usability reasons, we chose
to simplify the perceptual outcome to overall impression of voice quality and in-
telligibility, in both chapter 3 and 5. We preferred the advantage of creating one
outcome score for voice quality and one outcome score for intelligibility. Within
these studies there were groups of up to ten SLP’s who rated the perceptual
outcomes.

Perceptual outcomes are subjective by nature, and outcomes are influenced
by listeners’ understanding of the scales, and listeners’ expectations, and tired-
ness in a long listening experiment. Chapter 5 shows that reported perceptual
results are scattered between the expert raters (Figure 5.1). Perceptual rating
are still considered as the gold standard by many researchers, but with the
promising automatic acoustic evaluation tools as well as the upcoming role of
PROMs this might be reconsidered for evaluating speech after total laryngec-
tomy.

Recommendations for multi-dimensional voice and speech analysis

Ideally, outcomes in studies (prospectively) evaluating total laryngectomy speech
have to be combined with meta-analyses. Chapter 2 showed that the included
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number of total laryngectomy patients remains small and heterogeneity in of-
fered speech rehabilitation is present. Prospectivally studying this group proved
to be complex because of the change in outcomes over time, drop-out of par-
ticipants, and the need for educated staff to continuously perform the research
assessments. In order to generate consistency in evaluating speech outcomes
within studies and over different study groups, it is helpful to create consensus
in the multidimensional assessment tools that are used. Having a combined
final score for perceptual outcome, (automated) acoustic scores and PROMs
improves quality and comparability of the studies. The body of the studies
incorporated in this thesis is not strong enough to provide definite recommen-
dations towards the instruments which should be used, but with help of a
dedicated expert panel consensus on multi-dimensional analysis of tracheoe-
sophageal speech can be reached.

9.2 Functional issues and well-being after total
laryngectomy - Section 2

The chapters incorporated in the second part of this thesis focus on functional
issues and psychosocial functioning after total laryngectomy. With the removal
of the larynx, speaking, breathing, swallowing and smell function is altered.
The functional issues resulting from this are diverse and continually impact
daily functioning. In the studies incorporated in the second section we use a
variety of research methods, including a questionnaire, functional training, and
qualitative research, to investigate the problems that total laryngectomized
individuals face.

9.2.1 Summary of the findings

The influence of functional issues on the reported quality of life

In Chapter 6 we explored functional and participation issues and their inter-
action with reported QoL after total laryngectomy. With a worldwide question-
naire we assessed interactions between reported issues. Although the response
rate was 21%, the total of 1705 respondents is uniquely high in this specific
patient group. Respondents were situated in different countries, over several
continents. As no validated questionnaires were used, we chose to restructure
the questions in issue themes. An advanced analysis was performed to corre-
late the issue themes to each other and the reported QoL. Interestingly, the
issues from the two themes “avoiding social activities” and “experienced limi-
tations in daily activities” are the main influencers of the variance in reported
QoL. The ability to fulfil meaningful activities seems to have a greater impact
on reported QoL than the purely physical consequences of total laryngectomy
in general. Another interesting finding was the strong correlation which was
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found between “pulmonary issues” and almost all other themes. Pulmonary
issues might be partially responsible for other reported issues.

Offering expiratory muscle strength training

In further work on these pulmonary issues, a specific training is provided in the
study presented in Chapter 7. In this chapter we have investigated the feasi-
bility and safety of expiratory muscle strength training in total laryngectomy
patients. It was very promising to see that after the nescessary adaptions, this
training device could be used with patients who had undergone total laryngec-
tomy. This study was conducted as a pilot study in testing the feasibility, safety,
and compliance of this training program. As the expiratory Muscle Strength
Training device was developed for use by mouth, we had to make adaptions to
it to make it suitable for use on a tracheostoma.

The outcomes show high compliance to the training protocol. Performing
EMST is feasible, although there are some challenging issues and one safety
issue occurred. Encountered challenges included the need for an adapter, skills
of the participants with plugging the voice prosthesis, placing the EMST150
with an adaptor on the tracheostoma, and creating an airtight seal. One safety
issue occurred when a participant appeared without a voice prosthesis after
a training session. Nevertheless, compliance to the training program was high
(>95%). The results show a clear increase in Maximum Expiratory Pressure
(MEP) over time in contrast to Peak Expiratory Flow (PEF) values in which no
change was seen. The high baseline MEP values for the total laryngectomized
participants were interesting when compared with reference values for healthy
adults. The higher than expected MEP scores might be the effect of frequent
coughing and forced expectoration which is present after total laryngectomy.
None of the secondary outcome measures reached statistical significance, which
is probably influenced by the low number of participants and the fact that we
chose to include a sample of relatively fit participants.

It would be valuable to continue research regarding pulmonary issues and
investigate possibilities to improve the pulmonary condition. As seen in chapter
6, pulmonary issues correlate strongly with other issues such as participating
in social activities. This points towards a correlation between the presence of
pulmonary issues and problems with performing meaningful daily activities and
social activities. It is important to detect patients who suffer from pulmonary
issues and provide optimal medical aids and interventions to enhance their
pulmonary functioning.

Exploring rehabilitation needs

In Chapter 8 we explored the impact of a total laryngectomy on women and
investigated specific rehabilitation needs. This study further builds on previous
qualitative work, which was predominantly carried out with male participants.
Our study shows that the disease and its treatment formed a turning point in
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the lives of the respondents. After the surgery, they made efforts to reintegrate
into the social communities they belonged to before their surgery and return to
former everyday activities. All respondents found various ways to participate in
daily life again. Nevertheless, participants remain persistently vulnerable after
total laryngectomy, because of the effort required by taking care and managing
functional, social and health-related issues.

The interviews showed that women-specific issues are present in returning to
work, the performance of informal care-work, the spousal relationship, intimacy,
and social interaction. In social interaction the presented issues were mostly
stigmatization due to voice and appearance. For some respondents it was very
helpful to engage in peer-support activities. Peer-support can play an important
role in counselling and rehabilitation since it offers an opportunity to relate
to the experiences of others and help form realistic expectations regarding
outcomes.

9.3 Future research perspectives

The prospective study still leaves unanswered questions regarding the predic-
tion of individual speech outcomes. Despite all the advances in speech reha-
bilitation, we are still not able to predict individual voice outcomes. Previ-
ous research has shown that individual factors, such as social status and cop-
ing strategy, in addition to treatment factors, such as type of surgery and
post-operative radiotherapy, are related to vocal functioning. However, in the
prospective study (chapter 3) we did not find an effect of these oncological
treatment variables, which might be influenced by sample size and variability
of our cohort. If, however, correlations between certain factors and voice out-
comes exist, those factors might be used to develop a predictive model. With
individualized and patient-centered medicine in mind, there is a demand for
methods that can present probable speech outcomes to a patient during the
planning phase of cancer treatment. This would allow appropriate predictions
of voice and speech quality as well as an audio rendering of the probable speech
sound after total laryngectomy. Subsequently, insight in factors which improve
voice outcomes would contribute to clinicians’ decision making. Future work
can further build on this systematic evaluation of voice outcomes, to create a
larger dataset and work towards personalized predictions.

There is a need for validated instruments to evaluate functional issues in-
cluding voice outcomes and participation issues after total laryngectomy. Val-
idation of the AVQI for tracheoesophageal speech specifically contributes to
objective outcomes with acoustic analysis. Further development of perceptual
scales to assess voice quality and intelligibility are needed, as well as the de-
velopment of patient-reported outcome measures and/or validating existing
instruments which assess functional and participation issues following total la-
ryngectomy.

Pulmonary rehabilitation after total laryngectomy remains an important
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concern. Although efforts have been made to reduce pulmonary complaints
over the past decades, they are still present. The survey study (chapter 6)
showed the high correlation of pulmonary issues with other experienced prob-
lems. It seems that presence of pulmonary issues influences participation in
(social) activities. Providing EMST, proved to be safe and feasible in total la-
ryngectomy patients. It is recommended to further investigate the effectiveness
of this training program in a large group of participants who explicitly report
pulmonary problems.

9.4 Clinical recommendations

9.4.1 Pre-treatment counselling and tailored rehabilita-
tion

We recommend to provide tailored rehabilitation programs for this group of
patients from the initial preoperative period to the postoperative period and
through the rehabilitative period. Pre-operative counselling is needed to inform
patients who are admitted to total laryngectomy about the procedure and the
consequences of the procedure. The process by which the patient is admitted
and is informed by healthcare professionals is leading towards more shared
decision-making, which refers to the process in which patients and healthcare
professionals make health-related choices together. Therefore, it is important
to explore patients’ priorities, values and concerns about the treatment and the
outcome, as well as possible benefits, risks and implications of the treatment
options. The SLP should offer pre-operative counselling on the available speech
rehabilitation methods and (communicative) functioning after total laryngec-
tomy. Creating realistic expectations about the rehabilitation trajectory and
functional outcomes is important to help patients cope with their condition
after surgery.

Within this rehabilitation program the focus should be on patient-centered
care, in which the provided support is adapted to the needs of the total la-
ryngectomy patient and their loved ones [15–17]. It is important to involve
the partner of the laryngectomee, since a shift in give-and-take balance of the
spousal relationship can be expected. Clinicians should create openness in dis-
cussing the impact of the surgery on the relationship. Ultimately, a high level
of patient activation is stimulated. Patient activation is defined as patients’
knowledge, confidence, and ability to manage the disease and manage their life
again [15, 18, 19].

The SLP should be involved in the rehabilitation trajectory from pre-
operative counselling up to long-term functioning, since most patients need
ongoing management of their communication issues. During the data collection
for the prospective study, the SLP’s stated that the structured study assess-
ments provided them an opportunity to re-evaluate the rehabilitation process.
During this consultation they preferred to discuss overall well-being as well as
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functional problems in communication, swallowing and smell function. When
patients did report problems in these domains the SLP would schedule follow-
up appointments. Therefore, structured follow-up assessments during the first
year post-laryngectomy are recommended to facilitate these evaluations.

9.4.2 Offering speech rehabilitation

This thesis shows that tracheoesophageal speech offers the most natural speech
rehabilitation method after total laryngectomy and, when successful, provides
a stable long-term verbal communication method. When possible, patients de-
serve tracheoesophageal speech rehabilitation in the early stage post-surgery to
allow them to regain verbal speech as to enhance QoL as quickly as possible.

Worldwide there are still differences in offered speech rehabilitation meth-
ods. In some countries caretakers are reluctant to offer tracheoesophageal speech,
since they associate this with a higher complication rate. Not all healthcare sys-
tems cover the costs of tracheoesophageal speech, leading to reimbursement is-
sues. This is problematic in a patient group in which individuals are often from
a lower socio-economic background. In some cases, patients prefer a speech
rehabilitation method which makes them less dependent on the hospital. In
tracheoesophageal speech, regular hospital visits are needed for voice prosthe-
sis changes.

With the advances in oncological treatment, these patients deserve the best
available rehabilitation options for speech and general functioning to optimize
their daily life after surgery. Healthcare professionals should offer guidance and
interventions to help total laryngectomized individuals cope with their condi-
tion. To assure that the best rehabilitation is offered, clinicians and researchers
have to make ongoing efforts to map treatment outcomes, work out reimburse-
ment issues, and implement new developments in the clinical trajectory.
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Summary

9.1 English summary

Total laryngectomy
Exploring voice outcomes and functional issues

In Chapter 1 a general introduction to head and neck cancer is provided.
Total laryngectomy as a treatment modality is introduced, as well as the con-
sequences of this procedure regarding voice, speech and quality of life. A total
laryngectomy leads to physiological changes and the functional problems. To
rehabilitate speech, three main substitute voice methods are available: tra-
cheoesophageal speech, esophageal speech, and electrolarynx speech. These
substitute voice methods are described and the functioning of these methods
is illustrated. To evaluate voice and speech, a multi-dimensional evaluation
is recommended; which entails acoustic evaluation, perceptual evaluation, and
patient-reported evaluation. The need for dedicated studies to investigate voice
outcomes and functional issues after total laryngectomy is stated.

In Chapter 2 a systematic literature review evaluating comparative acous-
tic, perceptual, and patient-reported outcomes for esophageal speech, tracheoe-
sophageal speech, and electrolarynx speech in comparison with healthy speakers
is presented. We have performed a systematic search in several databases, fol-
lowed by a selection process, twenty-six articles are included. In most studies,
methodological quality was low. It is likely that in many studies an inclusion
bias is present, studies report including only exceptional speakers. When com-
paring the different groups of speakers, statistically significant better outcomes
are reported for tracheoesophageal speakers compared to esophageal speakers
for the acoustic parameters, fundamental frequency, maximum phonation time,
and intensity. In studies presenting auditory-perceptual outcomes, tracheoe-
sophageal speech is rated with a better voice quality and intelligibility com-
pared to esophageal speech and electrolarynx speech. For self-reported voice
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outcome, none of the three substitute voice groups reported evidently better
outcomes; all speaker groups report a degree of voice handicap. We conclude
that tracheoesophageal speech is the favorable speech rehabilitation method ac-
cording to acoustic and perceptual outcomes. The study emphasizes the need
for standardized measurement tools for systematic evaluations of substitute
voice speakers.

In Chapter 3 entails a study in which we have prospectively assessed the
course of voice outcomes in total laryngectomy patients from before surgery up
to one year post-surgery. Patients who were admitted to total laryngectomy
were approached to participate. Data is collected over five hospitals situated in
The Netherlands and Australia. The study contained four time-points for each
participant: prior to total laryngectomy, three months, six months, and twelve
months post-surgery. Our study assessments included perceptual evaluation,
voice recordings, and self-reported outcomes. The Voice Handicap Index 10 item
version (VHI-10) is used for self-reported outcomes. The Acoustic Voice Quality
Index (AVQI) is used for acoustic evaluation, AVQI score combines several
acoustic measures in one score. Forty-three participants were included in the
study, of which 93% received a voice prosthesis. Nevertheless, satisfactory voice
rehabilitation with tracheoesophageal speech was not accomplished in all cases,
mostly as a result of medical complications. Thirty percent of the participants
deceased within the first year after surgery. For the total group, after surgery,
a worsening of all voice related values is seen, which gradually improves over
time up to one year post surgery. When outcomes for the multidimensional
assessment methods assessed over time are pooled, strong correlations are found
between the dimensions of voice related outcomes. Worst quality of life score
was reported before surgery, after surgery this score gradually improved towards
the reference value of healthy people in the same age group. In self-reported
voice handicap and quality of life, a response shift was seen, indicating a change
in internal standards, values, and meaning of quality of life.

We present a detailed acoustic study investigating the changes of the word
initial consonants /t/ and /d/ in Dutch speaking individuals before and after
total laryngectomy in Chapter 4. Speech recordings of seventeen participants
before and after total laryngectomy are used. Participants did read aloud a
Dutch text of neutral content, Tachtig dappere fietsers (’eighty brave cyclists’).
This text contained eighteen tokens with /t/ or /d/ in initial position. For each
token prevoicing, burst duration and duration of the vowel following the word
initial consonant was analyzed. The results show that the acoustic contrast of
the /t/ and /d/ in word initial position is reduced after total laryngectomy.
In tracheoesophageal speech, the presence of prevoicing of /d/ decreases, and
burst duration increases. In the post-operative situation, therefore, /d/ be-
comes more similar to /t/ acoustically. For clinical practice, special attention
towards intelligibility issues is recommended to enhance understandability of
tracheaesophageal speech.

Chapter 5 presents the outcomes of longitudinal collected voice record-
ings. We assessed differences in voice quality and intelligibility of thirtheen
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tracheoesophageal speakers using speech samples that were recorded with at
least seven years in between. Intelligibility and voice quality are perceptually
evaluated by ten experienced speech and language pathologists. In addition,
automatic speech evaluations are performed with tools from Ghent University
as well as AVQI. No statistical significant group effect was found for changes in
voice quality and intelligibility. The results show a wide inter-speaker variabil-
ity. Perceptual ratings show a high variation for the perceptual ratings by the
speech language pathologists. Tools for automatic evaluation of voice quality
and intelligibility correlated strongly, these tools are promising for analyzing
trends within individual speakers over time. We can conclude that intelligibility
and voice quality of tracheoesophageal speech is mostly stable over a period of
seven to 18 years.

In Chapter 6 we present the results of a worldwide survey assessing func-
tional and participation issues after total laryngectomy. A questionnaire was
sent out to 8119 recipients of whom 1705 (21%) responded. The question-
naire included 26 questions, including demographic information and regarding
medical product use of the respondents, their experienced overall health and
independence, and functional and participation issues. For the analysis, respon-
dents are grouped based on sex, age, time since total laryngectomy, educational
level, and country of residence. Questions are grouped in a measure of reported-
Quality of Life (r-QoL) and seven issue themes (esthetic issues, experienced
limitations in daily activities, avoiding social activities, communication issues,
experienced vulnerability due to environmental factors, pulmonary issues and
sleep issues) which allowed us to assess the underlying relations. The outcomes
of the study show that a higher amount of functional and participation issues
and a lower r-QoL was reported in the group of younger respondents (<60yrs),
women, and respondents who have had the total laryngectomy procedure less
than two years ago. The ability to participate in meaningful and social activ-
ities was a major factor determining r-QoL. A strong correlation was found
between pulmonary issues and most other themes. Pulmonary issues might be
an underlying cause of many other issues and therefore negatively influence
r-QoL.

We have investigated the effect of an Expiratory Muscle Strength Train-
ing (EMST) program in Chapter 7. EMST is a threshold based device-driven
treatment for improving expiratory pressure and cough function in order to
diminish pulmonary complaints. Ten male participants who had undergone
total laryngectomy were included. For this pilot study we aimed to examine
feasibility, safety, and compliance of the EMST training program. Objective
and subjective outcome measures included manometry, spirometry, cardio pul-
monary exercise testing, voice recordings, and patient reported outcome mea-
sures. Nine participants completed the full study protocol. Compliance to the
training program was high. All were able to perform the training, although it
requires adjustments of the device and skills of the participants. The results
show that maximum expiratory pressure (MEP) and vocal functioning in loud-
ness improve over time. After EMST, no changes were seen in other objective
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and subjective outcomes. EMST appeared to be feasible and safe in use after
total laryngectomy. MEP improved over time during the training period but
no improvement in the clinically relevant outcome measures are seen in our
sample of relatively fit participants. We recommend further investigation of
the training in a larger group of (less fit) participants who report specifically
pulmonary complaints to investigate if this increase in MEP can result in a
clinical benefits such as less frequent coughing.

In Chapter 8 we present the results of a qualitative study in which we inter-
viewed female patients on their perspective of life after total laryngectomy. The
study aimed to gain insight into the impact of total laryngectomy on women’s
daily life while identifying their specific rehabilitation needs. In-depth, semi-
structured interviews with eight women who had undergone total laryngectomy
were conducted. Using an interview guide, participants were encouraged to dis-
cuss their everyday experiences, while also focusing on issues typical to women.
The transcribed interview data is analysed by the method of Thematic Analysis,
taking interpretative phenomenological analysis as a lead. The interviews reveal
three main themes: disease and treatment as a turning point, re-establishing
meaningful everyday activities, and persistent vulnerability. Study participants
report that they experience challenges in their rehabilitation process due to
physical disabilities, dependency on others, and experienced stigma. Women
who undergo total laryngectomy are likely to experience issues in returning
to work, the performance of informal care work, the spousal relationship, in-
timacy, and social interaction due to stigmatization. Medical pre-treatment
counselling and multidisciplinary rehabilitation programs should help patients
form realistic expectations and prepare them for the changes they will face. A
gender- and age-matched total laryngectomized patient visitor can contribute
to this process. Rehabilitation programs should incorporate the partner and
offer psycho-social support for women following total laryngectomy to return
to their former roles in family life, social life and work-related activities.

In Chapter 9 the studies which are incorporated in this thesis are discussed
and recommendations for clinical practice and future research are provided. To
work towards uniformity in evaluating speech outcomes after total laryngec-
tomy, consensus is needed regarding the assessment tools used. Having one
final score for each multidimensional outcome including perceptual outcome,
(automated) acoustic scores, and patient-reported outcomes helps to inves-
tigate change over time within patients and improves comparability between
studies. Our studies show that automated assessment are promising. The AVQI
is a potential instrument to classify voice outcomes and also correlates highly
with perceptual voice quality and intelligibility outcomes. In future research,
a specific cut-off value for AVQI and VHI-10 outcomes in total laryngectomy
patients can be determined with help of a validation study. Future work can
build further on this systematic evaluation of voice outcomes, to create a larger
data-set and work towards personalized predictions. For clinical practice we
recommend to provide tailored rehabilitation programs. Pre-treatment coun-
selling should incorporate information on expected outcomes to facilitate shared
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decision-making. Patients need to be informed about the different substitute
speech methods. We have shown that tracheoesophageal speech offers the most
natural speech rehabilitation method; when possible patients should be offered
tracheoesophageal speech as a verbal rehabilitation method. Throughout the
full trajectory of counselling and rehabilitation the impact of the surgery on
daily life has to be discussed by clinicians. This facilitates the possibility to de-
termine personalized rehabilitation goals on functional and participation level.

9.2 Dutch summary

Totale laryngectomie
Stemuitkomsten en functionele problemen

Hoofdstuk 1 van dit proefschrift introduceert de onderwerpen van dit proef-
schrift. We geven een inleiding over hoofhalskanker en de behandeling hiervan,
met in het specifiek de behandeloptie totale laryngectomie. Een totale laryn-
gectomie is een operatie waarbij het strottenhoofd wordt verwijderd. Hiermee
verliest de patiënt zijn natuurlijke stem en verandert de ademweg met het stoma
dat wordt aangelegd in de hals. We leggen uit wat voor effecten de operatie
heeft op de anatomie en fysiologie en uitkomsten in stem, spraak en kwaliteit
van leven. Om het spreken te revalideren zijn de drie meest gebruikte methodes:
tracheo-oesofageale spraak, slokdarmspraak en electrolarynxspraak. We intro-
duceren deze 3 substituut- spraakmethoden met illustraties van de werking.
Voor het evalueren van deze stemmen wordt gebruik gemaakt van akoestische
analyse, perceptuele analyse en patiënt-gerapporteerde uitkomsten. In meerdere
hoofdstukken wordt gebruik gemaakt van deze manieren van evaluatie. Dit
proefschrift bestaat uit twee delen. De hoofdstukken in het eerste deel van dit
proefschrift geven inzicht in uitkomsten in stemkwaliteit en verstaanbaarheid
na een totale laryngectomie. Het tweede deel bevat hoofdstukken over algeheel
functioneren, specifieke revalidatiebehoeften van vrouwelijke gelaryngectomeer-
den en naar de behandeling van hoestklachten na een totale laryngectomie.

In hoofdstuk 2 presenteren we een systematisch opgezet literatuuronder-
zoek waarin we de verschillende stemrevalidatiemethoden met elkaar vergeli-
jken. We vergelijken de drie substituut-spraakmethoden met spraak van gezonde
sprekers, waarbij akoestische, perceptuele en patiëntgerapporteerde uitkomsten
meegenomen worden. Voor deze literatuurstudie zijn verschillende databases
doorzocht en is een systematisch opgezet selectieproces doorlopen. Er konden
26 artikelen worden geïncludeerd die voldeden aan de selectiecriteria. De meeste
van deze artikelen hadden een lage methodologische kwaliteit waardoor het
aannemelijk is dat in veel studies een zogenaamde bias aanwezig is. Een aantal
beschrijft bijvoorbeeld dat alleen hele goede sprekers gevraagd zijn om deel te
nemen aan hun studie wat zorgt voor een vertekening van de resultaten. Echter,
rekening houdend met deze bias, laten de resultaten van deze vergelijkende lit-
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eratuurstudie zien dat tracheo-oesofageale sprekers een betere uitkomst laten
zien ten opzichte van slokdarmsprekers op perceptuele en akoestische uitkom-
sten. Dit is het geval voor de akoestische parameters fundamentele frequentie,
maximale fonatieduur en intensiteit. Voor de patiëntgerapporteerde uitkomsten
zien we dat geen van de revalidatiemethoden een duidelijk betere uitkomst laat
zien. De literatuurstudie laat zien dat tracheo-oesofageale spraak de voorkeur
heeft als revalidatiemethode voor akoestische en perceptuele uitkomsten maar
dat voor patiëntgerapporteerde uitkomsten geen duidelijke voorkeursmethode
naar voren komt.

In hoofdstuk 3 hebben we een prospectieve studie opgezet met gestandaardis-
eerde meetmethoden voor akoestische, perceptuele en patiëntgerapporteerde
uitkomsten. Het doel van deze studie was om het verloop van de spraakreval-
idatie na een totale laryngectomie van voor de operatie tot een jaar na de
operatie vast te leggen. In vijf ziekenhuizen in Nederland en Australië werden
patiënten die een totale laryngectomie als behandeloptie voorgesteld kregen
gevraagd om mee te doen aan deze studie. Voorafgaand aan de laryngectomie
en drie, zes en twaalf maanden na de operatie heeft de logopedist een assess-
ment uitgevoerd. Ieder assessment bestond uit perceptuele evaluatie van de
stem, stemopnames en vragenlijsten. De Voice Handicap Index 10 (VHI-10) is
gebruikt om de patiënt-gerapporteerde stemhandicap vast te leggen. De ste-
mopname is gebruikt om de Acoustic Voice Quality Index (AVQI) score te
berekenen. De uiteindelijke analyse bevat 43 deelnemers. Bij 40 van de deel-
nemende patiënten (93%) is een stemprothese geplaatst om te revalideren met
tracheo-oesofageale spraak. Over de gehele groep zien we drie maanden na de
operatie een verslechtering van alle stemuitkomsten. Hierna wordt een gelei-
delijke verbetering gezien. Na één jaar zijn er nog 23 deelnemers in de studie,
waarvan 20 succesvol kunnen spreken met tracheo-oesofageale spraak. Degenen
waarbij de spraak niet succesvol is gerevalideerd hadden medische complicaties.
Van de groep deelnemers overleed 30% in het eerste jaar na de operatie. Alge-
hele kwaliteit van leven wordt voor de groep deelnemers het slechtst beoordeeld
voorafgaand aan de operatie. Over tijd is er een verbetering zichtbaar. Binnen
de zelf-gerapporteerde uitkomsten zien we een response shift optreden. Re-
sponse shift verwijst naar verandering in de betekenis van kwaliteit van leven
en communicatief functioneren, veroorzaakt door een verandering van de in-
terne standaarden. Het gevolg is een discrepantie in de patiëntgerapporteerde
stemhandicap en de akoestisch gemeten stemkwaliteit. Sprekers waarderen de
tracheo-oesofageale spraak ondanks de afwijkende klank. Dit is van belang om
mee te nemen in de voorlichting. Wat verder uit de resultaten bleek is, indien
er sprake is van een slechte oncologische prognose dit leidt tot een grotere kans
om niet te kunnen spreken in de laatste levensfase. Ook dit is relevant om in de
voorlichting mee te nemen. Onze studie laat zien dat het meetinstrument, de
AVQI, een potentieel sterk instrument is om een objectieve classificatie van de
stemuitkomst te geven. Voor de toekomst is het zinvol om een validatiestudie
op te zetten voor zowel de AVQI als de VHI-10, met als doel een afkapwaarde
bepalen voor stemprothesespraak. Hiermee kunnen vergelijkingen over tijd en
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tussen groepen patiënten gemaakt worden om de uitkomsten beter in kaart te
brengen.

In hoofdstuk 4 onderzoeken we in detail de akoestische verschillen in de
woord initiële medeklinkers /t/ en /d/ in Nederlandse sprekers voorafgaand en
na een totale laryngectomie. We gebruiken hiervoor opgenomen spraakopnames
van zeventien studiedeelnemers die voor en na totale laryngectomie de tekst
Tachtig dappere fietsers hebben voorgelezen. Deze tekst bevat achttien tokens
(itemwoorden) waarbij de /t/ en /d/ in initiële positie van het woord staan.
Voor ieder token hebben we de akoestische metingen uitgevoerd op prevoicing,
burst duration en duur van de klinker volgend op deze initiële consonant. De
uitkomsten van deze analyses laten zien dat het akoestisch contrast tussen de
woord initiële consonanten /t/ en /d/ minder wordt na totale laryngectomie.
In tracheo-oesofageale spraak is er een vermindering van de aanwezigheid van
prevoicing en een langere burst duration voor de /d/. Hierdoor worden de
akoestische eigenschappen van de /d/ meer vergelijkbaar met een /t/. Dit leidt
tot meer misverstanden in spraakverstaan en hiermee een slechtere verstaan-
baarheid. Voor de klinische dagelijkse praktijk is het van belang om aandacht
te besteden aan deze en breder bestaande verstaanbaarheidsproblemen.

In hoofdstuk 5 presenteren we lange termijn uitkomsten van tracheo-
oesofageale sprekers. Voor dit onderzoek hebben we spraakopnames van dertien
sprekers gebruikt waarbij minimaal zeven jaar tussen de eerste en tweede op-
name zat. Het verschil in stemkwaliteit en verstaanbaarheid over tijd is gemeten
met akoestische en perceptuele analyse. Tien logopedisten hebben door middel
van een luisterexperiment de spraakopnames perceptueel beoordeeld. Daar-
naast zijn de samples met tools voor automatische akoestische spraakanalyse,
ELIS, ELISALF en de AVQI, geanalyseerd. Voor de gehele groep, wordt over
tijd geen statistisch significant verschil gevonden voor de perceptueel en au-
tomatisch beoordeelde stemkwaliteit en verstaanbaarheid. Wel bleek dat er een
grote variabiliteit zat tussen de sprekers. De perceptuele beoordelingen uit-
gevoerd door de logopedisten lieten ook een grote variatie zien, desondanks
was er een sterke correlatie tussen de perceptueel beoordeelde stemkwaliteit en
perceptueel beoordeelde verstaanbaarheid. Daarnaast bleken de AVQI uitkom-
sten zijn sterk gecorreleerd met de perceptuele beoordelingen. Dit maakt dat
automatische tools, zoals de AVQI, veelbelovend zijn. Met deze tools kunnen
veranderingen in stem en spraak van individuele sprekers over tijd geanaly-
seerd worden. We concluderen dat de stemkwaliteit en verstaanbaarheid voor
tracheo-oesofageale sprekers stabiel genoemd kan worden over een periode van
zeven tot achttien jaar na de operatie.

Het tweede deel van dit proefschrift bevat hoofdstukken die gericht zijn
op functionele uitkomsten, longproblemen en vrouwspecifieke problemen die
aanwezig kunnen zijn na totale laryngectomie.

In hoofdstuk 6 laten we de resultaten zien van een wereldwijd uitgevo-
erde studie naar functionele en participatieproblemen na een totale laryngec-
tomie. Hiervoor werd een vragenlijst verstuurd naar 8119 gelaryngectomeer-
den, van wie er 1705 (21%) reageerden. De vragenlijst bevat 26 vragen; er
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is demografische informatie uitgevraagd, en gevraagd naar het gebruik van
medische hulpmiddelen het ervaren van de algehele gezondheid en vragen ten
aanzien van functionele en participatiekwesties. Voor de analyse zijn de re-
spondenten gegroepeerd op basis van geslacht, leeftijd, tijd sinds totale la-
ryngectomie, opleidingsniveau en het land waar men woont. De uitkomstmaat
‘mate van gerapporteerde kwaliteit van leven’ (r-QoL) en zeven geselecteerde
probleemthema’s zijn gebruikt voor de analyse. De probleemthema’s zijn: es-
thetische problemen, ervaren beperkingen in dagelijkse activiteiten, vermijden
van sociale activiteiten, communicatieproblemen, ervaren kwetsbaarheid door
omgevingsfactoren, longproblemen en slaapproblemen. Met de analyse konden
we onderliggende relaties tussen de r-QoL en de probleemthema’s onderzoeken.
Uit dit onderzoek blijkt dat meer functionele en participatieproblemen als ook
een lagere r-QoL worden gerapporteerd in de groep jongere respondenten (<60
jaar), vrouwen en respondenten die minder dan twee jaar geleden de totale
laryngectomie hebben ondergaan. Het vermogen om deel te kunnen nemen
aan zinvolle en sociale activiteiten is een belangrijke factor in de uitkomst
van r-QoL. De meeste deelnemers rapporteren longproblemen. Deze pulmonale
klachten hebben een sterke correlatie met de meeste andere thema’s. Vanwege
deze correlatie lijkt het aannemelijk dat pulmonale klachten een onderliggende
oorzaak kunnen zijn van veel andere problemen en daarmee de gerapporteerde
kwaliteit van leven negatief beïnvloeden.

In hoofdstuk 7 onderzoeken we het effect van een hoestkrachttraining,
de Expiratory Muscle Strength Training (EMST). Dit trainingsprogramma is
uitgevoerd door een groep patiënten die een totale laryngectomie hebben on-
dergaan. De EMST-trainer is een klein apparaat met een spanningsveer waarin
de patiënt via de mond moet uitblazen tegen weerstand. De training heeft
als doel het verbeteren van de uitademingsdruk en hiermee de hoestfunctie,
wat uiteindelijk kan leiden tot minder pulmonale klachten. In onze studie
hebben we tien deelnemers met laryngectomie geïncludeerd. Er is een kop-
pelstuk gemaakt om de EMST te gebruiken op het stoma in de hals. Voor
deze pilotstudie wilden we de haalbaarheid, veiligheid en therapietrouw van
het EMST-trainingsprogramma onderzoeken. Om de uitkomst van de train-
ing te meten hebben we een combinatie van objectieve en subjectieve uitkom-
stmaten gebruikt: manometrie, spirometrie, een cardiopulmonale inspanning-
stest, spraakopnames en patiëntgerapporteerde uitkomstmaten. Negen deelne-
mers voltooiden het volledige studieprotocol. Het trainingsprogramma bleek
een hoge therapietrouw te hebben. Ondanks dat het handigheid van de deel-
nemers vereiste om de EMST op het stoma te plaatsen, waren de deelnemers
in staat de training uit te voeren. De resultaten laten zien dat maximale druk
tijdens expiratie (MEP) en luidheid van de stem na het voltooien van het train-
ingsprogramma duidelijk verbeterden. Echter, er werden na het trainingspro-
gramma geen significante veranderingen gezien in andere objectieve en subjec-
tieve uitkomsten. Concluderend kunnen we zeggen dat de EMST haalbaar en
veilig is om te gebruiken na een totale laryngectomie. MEP uitkomsten ver-
beterden gedurende de trainingsperiode, maar er werd geen verbetering gezien
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in de klinisch relevante uitkomstmaten, zoals minder vaak hoesten, in onze
groep van relatief fitte deelnemers. Het wordt aanbevolen deze training verder
te onderzoeken en uit te voeren bij een grotere groep (minder fitte) deelnemers
die specifiek pulmonale klachten aangeven. Hiermee kan onderzocht worden of
ook hier een toename in MEP wordt gezien en of dit kan leiden tot klinische
voordelen zoals minder vaak hoesten.

In hoofdstuk 8 presenteren we een onderzoek waarin we vrouwelijke patiën-
ten interviewden over hun perspectief op leven na een totale laryngectomie.
Het doel van dit kwalitatief onderzoek was om inzicht te krijgen in de impact
van totale laryngectomie op het dagelijkse leven van vrouwen en om specifieke
revalidatiebehoeften te identificeren. We hebben semi-gestructureerde diepte
interviews gehouden met acht vrouwen die een totale laryngectomie hadden
ondergaan. Met behulp van een interviewlijst werd de deelnemers gevraagd
naar hun ervaringen in de aanloop naar de operatie toe, de revalidatie-periode
en het dagelijks leven nu. Daarnaast hebben we gevraagd naar vrouw-specifieke
ervaringen. De getranscribeerde interviewgegevens hebben we geanalyseerd met
behulp van thematische analyse, waarbij interpretatieve fenomenologische anal-
yse als leidraad is genomen. Er kwamen drie hoofdthema’s naar voren vanuit de
interviews: ziekte en behandeling als keerpunt, terugkeer naar zinvolle dageli-
jkse activiteiten en blijvende kwetsbaarheid. Studiedeelnemers vertelden dat
ze het moeilijk hadden tijdens hun revalidatieproces door fysieke problemen,
de afhankelijkheid van anderen en ervaren stigma. Het is waarschijnlijk dat
vrouwen die een totale laryngectomie ondergaan door stigmatisering proble-
men ondervinden bij bijvoorbeeld terugkeer naar werk. Daarnaast gaven de
vrouwen aan moeilijkheden te ervaren in het uitvoeren van zorgtaken, de re-
latie met hun partner met o.a. intimiteit en sociale interactie. Deze informatie
meenemen in de voorlichting voorafgaand aan de behandeling en het aanbieden
van multidisciplinaire revalidatie kan patiënten helpen realistische verwachtin-
gen te vormen en hen beter voor te bereiden op de veranderingen die ze zullen
gaan doormaken. Men kan hierbij denken aan het inzetten en scholen van
patiëntvoorlichters, die een belangrijke bijdrage aan dit voorlichtingsproces
leveren. Het is ook van belang de eventuele partner of naasten te betrekken
in het revalidatieproces. Tot slot kan in dit proces specifieke aandacht gegeven
worden aan het aanbieden van psychosociale ondersteuning aan vrouwen na
een totale laryngectomie en hun partners. Dit kan mogelijk de terugkeer naar
hun vroegere rol in het gezinsleven, het sociale leven en werk gerelateerde ac-
tiviteiten bevorderen.

In hoofdstuk 9 volgt een discussie van de onderzoeken uit dit proefschrift,
formuleren we aanbevelingen voor de klinische praktijk en geven suggesties
voor vervolgonderzoek. Om meer uniformiteit te bereiken in het evalueren van
stem- en spraakuitkomsten na een totale laryngectomie is consensus nodig
over de te gebruiken meetmethoden. Het lijkt waardevol om meetmethoden
te gebruiken die één score geven voor perceptuele- en akoestische uitkomst en
zelf-gerapporteerde uitkomst. Dit zorgt ervoor dat het makkelijker is om veran-
deringen over tijd te onderzoeken en studies met elkaar te vergelijken. Automa-
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tische spraakevaluatietools zoals de AVQI zijn veelbelovend. De AVQI lijkt een
waardevol instrument om stemuitkomsten na totale laryngectomie te classifi-
ceren aangezien de uitkomsten sterk correleren met akoestische en perceptuele
uitkomsten. In vervolgonderzoek zou het nuttig zijn om gespecificeerde afkap-
waarden te berekenen voor totale laryngectomie patiënten voor de uitkomsten
op AVQI en VHI-10. In toekomstige studies is het ook van belang om het sys-
tematisch vastleggen en evalueren van stemuitkomsten over tijd voort te zetten.
Hiermee kan een grotere dataset opgesteld worden en kan een voorspelmodel
ontwikkeld worden om de stemuitkomsten te voorspellen voorafgaand aan de
laryngectomie. Uiteindelijk kan dit bijdragen aan eerlijke en realistische voor-
lichting. In de voorlichting voorafgaand aan de operatie is het de aanbeveling
om in te gaan op de verwachte uitkomst zodat de patiënt een weloverwogen
keuze kan maken voor de behandeling.

Concluderend kunnen wij stellen dat tracheo-oesofageale stemgeving de
voorkeursmethode is voor spraakrevalidatie. Vanuit dit onderzoek raden wij
aan dat, indien mogelijk, deze methode aangeboden wordt aan patiënten die
een totale laryngectomie ondergaan. Gedurende het hele traject van voorlicht-
ing en revalidatie is het van belang om de impact van de operatie op het dageli-
jks leven te bespreken. Hiermee kunnen patiënt-specifieke en interdisciplinaire
revalidatiedoelen geformuleerd worden om bij te dragen aan een zo goed mo-
gelijke uitkomst op het gebied van dagelijks functioneren en participatie.
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