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ABSTRACT

Background

Vocal fatigue is one of the most frequent underlying symptoms of many vocal health conditions. A
variety of vocal loading tasks (VLTs) have been developed for research purposes to induce the
laryngeal system to experience the symptom of vocal fatigue through high vocal demands. Previous
works attempted to devise optimal VLTs with discrepancies between findings. Other studies tested
the effects of systemic and surface hydration on voice measures and the effectiveness of
rehydration interventions in restoring the detrimental effects of vocal fatigue. However, the
available evidence concerning rehydration’s effects on voice is inconclusive and lacks indications
for clinicians regarding hydration schedules and recommended tools.

Aims

This research aims to investigate the effectiveness of a bespoke 20-minute VLT in inducing changes
in acoustic, aerodynamic and self-perceived voice measures in vocally healthy adults. It also aims
to determine the effects of 10-minutes steam inhalation and its potential effectiveness in reversing
the detrimental effects of the VLT.

Methods & Procedures

A one-group pretest-posttest study design was conducted. Twelve vocally healthy adults (19-34
years) performed a 20-minute reading VLT with higher vocal intensity (70-85 dB), a prosodic voice
effect and a forward head position. The VLT was followed by 10-minutes of steam inhalation with
a common basin of boiling water and a towel to contain the steam. Sessions were held remotely
using Zoom. The same outcome measures were collected at baseline, immediately after VLT and
immediately after steam inhalation. Outcome measures involved acoustic parameters (Fo, intensity,
jitter, shimmer, noise-to-harmonics ratio, cepstral peak prominence), the aerodynamic measure of
maximum phonation time, vocal tract discomfort and reported sensations of effort and fatigue.

Results

Following the VLT, a statistically significant increase in vocal tract discomfort (number of sensations
and severity), effort and fatigue was detected. Each of these measures decreased significantly after
steam inhalation and showed no statistical difference between post-steaming and baseline. No
significant effects for either the VLT or the steam inhalation were observed for acoustic or
aerodynamic measures.

Conclusion

The bespoke VLT negatively affected self-perceived measures of vocal tract discomfort, effort and
fatigue. 10-minutes of steam inhalation performed with a common basin of boiling water, displayed
positive effects on self-perceived measures, reversing the detrimental effects of the VLT.
Conversely, either the VLT and the steam inhalation did not affect voice quality, significantly altering
acoustic and aerodynamic measures. This research suggests the relevant role of self-perceived
measures in the characterisation of vocal fatigue following VLT. It informs clinicians regarding the
effectiveness of steam inhalation as a simple and low-cost tool to be recommended to enhance the
recovering of the perceived adverse effects of vocal fatigue. Future research including a control
group will be needed to establish the superiority of this strategy over simple voice rest.
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Chapter 1 — Literature Review

1.1 Introduction

The current study investigated the effects of vocal loading and steam inhalation on acoustic,
aerodynamic and self-perceived voice measures in adults. The first chapter reports the literature
on vocal fatigue, hydration and the evidence of the effects of rehydration on vocal fatigue. Lastly,

the aims and research questions are stated.
1.2 Voice and vocal fatigue

1.2.1 Voice production

Voice production is an essential tool for humans, being a medium of oral communication (Tiwari &
Tiwari, 2012). It involves the coordination of respiration and phonation with the combination of
resonance and speech articulation (Boone et al., 2020). Traditionally, the processes of vocal fold
vibration and voice production have been explained through the myoelastic-aerodynamic theory
(Svec et al., 2021), the Bernoulli effect and the Body/Cover theory (Schwartz, 2004). A “normal
voice” is widely identified by: i) normal voice quality, ii) appropriate voice to age, sex, cultural group,
iii) free of pathology, iv) supports self-expression and self-satisfaction with voice (Boone et al.,

2020).

A voice disorder and dysphonia are identified by the lack of one or more of these features.
Moreover, several symptoms might be signs of a voice disorder. According to Roy et al. (2004), vocal

fatigue and voice-related discomforts are considered signs of a voice disorder.

1.2.2 Vocal fatigue and vocal loading

Vocal fatigue is one of the most frequent underlying symptoms of many vocal health conditions
(Gotaas & Starr, 1993; Hunter & Banks, 2017). It is defined as “a set of self-perceived vocal
symptoms, as well as physiologic adaptations following extensive vocalizing” (Hunter et al., 2020,
p. 6). Vocal fatigue is perceived as an increased sense of vocal effort. It typically increases with voice
use, with peaks at the end of the day or during periods of high-vocal demand (e.g. prolonged

speaking). It subsides with voice rest (Hunter, 2020; Solomon, 2008).

Vocal fatigue is a phenomenon frequently reported by clinicians who work with individuals with

voice disorders (Nanjundeswaran et al., 2015). It can occur in the absence of dysphonia. Vocal

1



fatigue may represent a risk factor for the development of a voice disorder. Indeed, persistent vocal
fatigue together with high vocal demands or maladaptive behaviours might lead in the long term

to changes in the vocal fold mucosa, which may result in a voice impairment (Mathieson, 2001).

Since vocal fatigue can be present despite a normal-sounding voice and a healthy laryn,
laryngoscopic findings as well as auditory-perceptual and acoustic measures have historically
struggled to diagnose vocal fatigue. Vocal fatigue has been clinically identified by symptoms. Table
1.1 reports the typical clinical symptoms and features of vocal fatigue (Abou-Rafée et al., 2019;

Hunter et al., 2020; Solomon, 2008).

Table 1.1 Vocal fatigue symptoms

Vocal fatigue symptoms (Abou-Rafée et al., 2019; Hunter et al., 2020; Solomon, 2008)

- Increased vocal effort

- Increased vocal discomfort, throat pain

- Neck and shoulder tension

- Reduced control of voice flexibility, monotone voice

- Reduced vocal projection or power, weak voice

- Reduced control of voice quality, poor vocal quality

- Increase in symptom severity across the speaking day

- Improvements with vocal rest

Over the last two decades, vocal fatigue has been the focus of an increasing number of studies,
which has led however to a variety of terms (Hunter, 2020). In a consensus description recently
published by Hunter et al. (2020), experts analysed 971 publications pertinent to the topic and
proposed a new terminology identifying the key terms of i) vocal demand, ii) vocal demand
response, iii) vocal effort, iv) vocal fatigue. The definitions as reported by Hunter et al. (2020) are

outlined in Figure 1.1.

Vocal fatigue is a challenging area in voice research that is attracting a widespread interest to the
point that the Voice Foundation in 2020 titled its last international Voice Symposium as “Vocal
fatigue: is it worth the effort?”. Despite research interest, there is still a considerable controversy
surrounding the nature and the effects of vocal fatigue that needs to be addressed (Hunter, 2020;

Nanjundeswaran, 2020; Solomon, 2020).



Figure 1.1: Terminology introduced by Hunter et al. (2020).
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Solomon (2020) differentiated vocal fatigue into three dimensions based on the potential factors
and mechanisms that contribute to the symptom of vocal fatigue. These are: mucosal, muscular

and mental fatigue.

The mucosal (or non-muscular) dimension is the documented tissue fatigue response to external
stress. Increased mucosal tissue viscosity was reported at high-pitch phonation (Titze, 1994).
Moreover, a computational model highlighted how different layers like the vocal fold cover and
ligament may react differently when subjected to a stress (Hunter et al., 2014). Other researchers
investigated the tissues changes in the vocal fold cover looking at phonation threshold pressure
(PTP) in conjunction with vocal fatigue. PTP is defined as “the minimum subglottal pressure
required to initiate vocal fold oscillation” (Mathieson, 2001, p. 460). Studies showed that talking for
2 hours increased the PTP of participants (Solomon & DiMattia, 2000; Solomon et al., 2003).

Muscular (peripheral) fatigue concerns intrinsic laryngeal muscles and respiratory muscles.
Claassen and Werner (1992) tested the larynges of eleven laryngectomized patients. The authors
showed that the majority of intrinsic laryngeal muscle fibers were nonfatigable (type I, 55%) or
fatigue resistant (type lla, 38%) while only a minimum of fibers were fatigable (type llb, 7%).
Additionally, the respiratory muscles appeared fatigue resistant. Indeed, diaphragmatic fatigue was

observed only after whole body endurance exercise at high intensity (Dempsey & Babcock, 1995).



Lastly, mental (central) fatigue refers to the perceived sense of effort, phonatory effort and
respiratory effort. Studies reported that high vocally demanding tasks can increase mental fatigue

(Hunter et al., 2020; Supinski et al., 1987).

Therefore, prolonged highly vocally demanding activities lead to vocal fatigue that may be observed
with mucosal laryngeal tissue changes or mental fatigue. Conversely, a muscular fatigue is less likely

to be observed.

1.2.3 Vocal loading tasks

To investigate vocal fatigue, researchers have developed a variety of vocal loading tasks (VLTs). A
VLT is an activity that involves, for instance, prolonged or loud phonation. VLTs have been
implemented and tested on healthy speakers for research purposes with the principle of inducing
the laryngeal system to experience the symptom of vocal fatigue through high vocal demands
(Nanjundeswaran, 2020). Therefore, vocally healthy individuals temporarily mimic voice difficulties
that are subsequently assessed by researchers giving insights into the features of vocal fatigue. The
long-term aim of VLTs is to develop a clinical tool to recognise individuals who are at risk of
developing a voice disorder. VLTs have also been implemented to assess the effectiveness of

interventions on a vocally fatigued voice (Fujiki & Sivasankar, 2017).

Previous studies attempted to devise an optimal VLT. A wide variety of VLTs has been developed
that, together with other methodological differences (e.g. varied participants and outcome

measures), led to mixed findings with reference to their effectiveness (Welham & Maclagan, 2003).

The variety of results from VLTs is due to the manipulation of intrinsic, extrinsic and individual

factors (Fujiki & Sivasankar, 2017; Nanjundeswaran, 2020). These are outlined in Figure 1.2.

Figure 1.2: Vocal loading factors (Fujiki & Sivasankar, 2017; Nanjundeswaran, 2020)

Intrinsic factors Extrinsic factors Individual factors
*Type of task *Presence of an ambient/ ePersonal features of
eDuration backround noise participants (e.g. age, sex)

eIntensity (e.g. (e.g. multi-babble noise) eProfession

conversational, loud voice) *Room acoustics eVocal training
eUse of a non-habitual
voice (e.g. pressed voice)



Historically, studies focused on duration as a main vocal loading factor (Remacle et al., 2012). An
inconsistency in the length of time can be observed throughout the literature. VLTs vary from a
duration of 3-10 minutes (Hanschmann et al., 2011; Whitling et al., 2015) to 1-2 hours or more
(Kelchner et al., 2006; Solomon & DiMattia, 2000; Stemple et al., 1995; Vilkman et al., 1999). In
some studies, participants could terminate the task if they developed fatigue or discomfort
(Boominathan et al., 2010), whereas in others the duration was fixed for all participants. Lastly,
VLTs were often completed in one session, however some studies implemented the procedure

across multiple sessions (Vilkman et al., 1999; Vintturi et al., 2001).

An inconsistency between the type of task is also observed with VLTs that differed in frequency and
intensity requirements and that varied between a reading task (Stemple et al., 1995), vowel

sequence repetition task (Enflo et al., 2013) and singing task (Yiu & Chan, 2003).

Few studies suggested a relationship between postural deviations, vocal effort and voice
parameters (Gilman & Johns, 2017; Giovanni et al., 2008; Kooijman et al., 2005; Lagier et al., 2010).
Kooijman et al. (2005) observed a correlation between muscular tension, body posture and either
voice handicap and voice quality in a sample of twenty-five female teachers. Gilman and Johns
(2017) developed a VLT where individuals were asked to sustain the vowel /a/ in six postures that
differed for head position and stance. Results showed greater significant differences in the self-
perceived phonatory effort for the exaggerated forward and back head positions both in sitting and

standing positions.

Environmental factors like different ambient noises were tested as contributory factors to vocal
fatigue (Sodersten et al., 2005). Researchers exploited the Lombard effect which states that voice

intensity increases in the presence of background noise (Egan, 1971).

With reference to individual factors, it is understandable that features like participants’ profession
and their vocal training level might affect vocal fatigue. These individuals might require different
VLTs to elicit vocal fatigue. For instance, VLTs were tested in teachers, who are at high risk of
developing voice disorders given their daily vocal demands (De Bodt et al., 1998; Remacle et al.,
2012). Similarly, studies on trained and untrained singers were conducted (Gelfer et al., 1991;
Onofre et al., 2021). Recently, Onofre et al. (2021) published a study on twenty-one trained female
choir singers, observing them for signs of vocal fatigue after a 60-minute VLT. In a previous work,
Gelfer et al. (1991) compared the effects of 1-hour of loud reading on trained and untrained female
singers. Data showed that acoustic measures (fundamental frequency - Fo, jitter, signal-to-noise

ratio) of untrained participants appeared more negatively affected by the VLT.



Research findings overall recommend duration and additional variables like intensity and vocal
quality as effective loading factors (Fujiki & Sivasankar, 2017; Remacle et al., 2012). When increased
vocal intensity is the sole component of a VLT, a longer duration is required, often making VLTs
impractical for research and clinical settings. Other researchers attempted to shorten the duration
but had difficulties in detecting significant effects (Buekers, 1998; Whitling et al., 2015). For shorter
VLTs, effects were mainly identified in self-perceived measures like ratings of the perceived
phonatory effort (PPE) (Fujiki & Sivasankar, 2017). This result might indicate that mental fatigue

could be detected before a mucosal fatigue.

The work of Fujiki et al. (2017) stands out for its methodology. The authors successfully developed
a short duration VLT. This comprised a 30-minute reading task, alternating low-pitch and high-pitch
pressed vocal qualities, and in the presence of ambient noise. The authors detected significant
effects on acoustic and self-perceived measures. However, the reduced sample size (sixteen vocally
healthy speakers) threats the validity of the study. Overall, this work highlights the importance of

combining different factors to design an effective short VLT.

1.2.4 Sensitivity of outcome measures for vocal fatigue

Despite the influence of different VLT designs, higher sensitivity in detecting the effects of vocal
fatigue have been observed within aerodynamic and self-perceived measures compared to acoustic
parameters (Nanjundeswaran, 2020). PTP, as an aerodynamic parameter, showed a higher
consistency in findings than other voice measures with changes observed even after short VLTs
(Fujiki & Sivasankar, 2017). Indeed, Sivasankar and Erickson-Levendoski (2012) detected PTP

changes after a 15-minute reading task combined with oral breathing.

Conversely, findings from acoustic measures are more inconclusive given also the variety of
acoustic parameters tested. FO, intensity, jitter, shimmer have been captured but a disagreement
is reported partly as a consequence of the implementation of different VLTs (Boominathan et al.,
2010; Buekers, 1998; Fujiki & Sivasankar, 2017). Few studies tested cepstral peak prominence (CPP)
and found mixed results, highlighting the importance of further studies (Fujiki & Sivasankar, 2017).
Significant modifications of CPP were not observed on connected speech following a VLT of 30
sustained vowels (Gorham-Rowan et al., 2016) and after 45-minutes loud reading using a child-like
speech characterised by high pitch (Sundarrajan et al., 2017). Conversely, Fujiki et al. (2017)
detected a significant decrease in CPP on soft phonation after a 30-minute reading VLT with altered

voice quality.

As for auditory-perceptual outcomes, measures were seen to be less sensitive overall compared to
self-reported measures (Fujiki & Sivasankar, 2017; Nanjundeswaran, 2020). It must be considered
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that given the subjective nature of auditory-perceptual measures and other methodological factors

like raters’ training and blinding, mixed findings are perhaps unsurprising.

Therefore, the implementation of an effective, practical, short-duration VLT should be kept as a
goal for researchers together with the use of several outcomes to measure voice and vocal tract
changes multidimensionally. Given the inconsistency of findings, additional data is required to

better understand the sensitivity of measures in detecting the subtle effects of vocal fatigue.

1.3 Hygienic voice therapy

Hygienic voice therapy is a voice therapy approach widely used by speech and language therapists
(SLTs). Its purpose is to identify and modify factors that may contribute to phonotrauma, as well as
to modify vocal behaviour and promote vocal well-being (Alves et al., 2019; Behlau & Oliveira, 2009;
Van Houtte et al., 2011). Vocal hygiene (VH) is relevant both for the prevention and treatment of
voice disorders. Individuals with dysphonia usually have a less robust laryngeal system because of
a potentially impaired anatomy and physiology which predispose them to major risks of harm from
vocal abuse and misuse. Promoting vocal health is also crucial to facilitate vocal recovery (Boone et

al., 2020; Schwartz, 2004).

The effectiveness of VH has been well documented, with greater benefits observed in combination
with a direct voice therapy (Faham et al., 2016; Gillivan-Murphy et al., 2006; Pasa et al., 2007; Roy
et al., 2001). VH increased voice care knowledge (Porcaro et al., 2019) and was positively correlated
with the Voice Handicap Index, showing decreased scores post-intervention, indicating
improvement (Pasa et al., 2007). Moreover, Fu et al. (2015) observed increased physiological,
perceptual and acoustic measures after a combination of hygienic and direct treatments in a sample
of fifty-three women with bilateral vocal nodules. The evidence, therefore, recommends VH as a
preventive strategy or a management technique for voice disorders that should be integrated into

a wider comprehensive treatment plan (Behlau & Oliveira, 2009; Fu et al., 2015).

A hygienic voice program includes several practices and recommendations that can be grouped into
the components of vocal health, vocal abuse and vocal misuse (Schwartz, 2004). It is the role of
clinicians to tailor the vocal hygiene program considering the patient’s profile. The reasons for the
inclusion of recommendations should always be discussed with the client (Mathieson, 2001). Table

1.2 summarises the most common VH advice used in clinical practice and for research purposes.



Table 1.2: Vocal Hygiene recommendations (Behlau & Oliveira, 2009; Roy et al., 2001; Schwartz, 2004)

Vocal health

Vocal abuse

Vocal misuse

Lifestyle changes: reduce/eliminate tobacco, alcohol, recreational drugs,
water and caffeine consumptions which might affect voice production.
Adequate environmental humidity, systemic and superficial hydration
Dietary modifications are recommended for patients with gastroesophageal
reflux disease (GERD)

Reduction/elimination of environmental factors which might contribute to
vocal issues: airborne irritants, chemical irritants, dust, exposure to

allergens, acoustic properties of the room (e.g. background noise)

Reduction/ elimination of harmful vocal habits:

Excess loudness

Excessive and prolonged voice use

Misaligned postures which might affect voice production
Phonotraumatic events, yelling, shouting, whispering

Non-speech behaviours: throat-clearing, coughing, imitation of sounds
Voice use during physical exercises (e.g. grunting during sport activities)

Reduce the total amount of voice use introducing vocal rests.

Modifications regarding improper voice use:

Speaking/singing with a non-appropriate pitch or loudness
Talking with a low-pitched voice (e.g. glottal fry)

Inadequate use of breath support

Even though a growing number of studies have been conducted to explore the effects of hygienic

voice therapy, data are still inconclusive (Behlau & Oliveira, 2009). The positive effects of VH

programmes have been documented, but the efficacy of individual recommendations have usually

not been tested in isolation, or limited data are reported to support them.

1.4 The role of hydration

Improving hydration is one of the most common interventions recommended by SLTs to enhance

VH. Nonetheless, it has been historically based on anecdotal reports of its general benefits on voice

(Sivasankar & Leydon, 2010). The underlying principle is that frequent hydration of the vocal folds

contributes to the maintenance of regular phonation and prevents the occurrence of vocal fold

lesions (Alves et al., 2019).



Adequate body hydration is a vital need for human beings since water is the main body constituent
(approximately 63.3% of body mass) and contributes to the optimal function of several body
systems (Armstrong, 2007; Jéquier & Constant, 2010). While approaching this broad topic, many
variables need to be defined. Hydration is defined as “the current state of water balance within an
individual” (Hartley & Thibeault, 2014, p. 2). This definition refers firstly to the total body water
which varies according to water intake and losses. Water balance is reported to be maintained
within 0.2% over a 24-h period under usual conditions of temperature and activity levels (Jéquier &
Constant, 2010). The three major sources of water inputs in percentages are food ingestion (~30%),
fluid ingestion (~60%) and tissue catabolism (~10%). The levels of hydration within the human body
can be assessed and termed as appropriate (euhydration), reduced (hypohydration, dehydration)
or excessively increased (hyperhydration). Given the documented effects of dehydration, later

discussed (§1.4.1), euhydration is commonly recommended and desirable (Armstrong, 2007).

Concerning vocal fold hydration, different terms have been identified. Indeed, hydration or
dehydration procedures might be considered as systemic or surface depending on whether they
affect the whole body or just the vocal tract (Sivasankar & Leydon, 2010). Over the last two decades,
several researchers have investigated the relationship between hydration and voice. Nevertheless,
data are heterogeneous and controversies are reported regarding the contribution of each subtype
of hydration. Lastly, specific hydration schedules with indications of effective tools, durations and

repetitions still need to be defined (Alves et al., 2019; Behlau & Oliveira, 2009; Leydon et al., 2010).

1.4.1 Dehydration

Dehydration is defined as “the process of uncompensated water loss via urine, sweat, feces and

respiratory vapor” (Armstrong, 2007, p. 3).

The detrimental effects of dehydration on the physiology and biomechanical properties of the vocal
folds have been documented (Sivasankar & Leydon, 2010). The sol layer, that together with the
deeper gel layer constitutes the mucosal surface layer of vocal folds, is sensitive to hydration
changes. If the gel layer has the function of protecting the airway, the aqueous sol layer has a purely
biomechanical function. It contributes to the viscoelasticity of the mucosal layer, thus being a

relevant factor for optimal voice production (Tanner et al., 2007).

A study conducted in a canine model showed that dehydration leads to increased stiffness and
viscosity of the vocal folds (Chan & Tayama, 2002). Dehydration challenges increase tissue viscosity
and reduce mucosal mobility causing alterations in the movement of the vocal folds. This is
reflected in additional perturbations in the acoustic signal, with effects on voice quality (Alves et
al., 2019). Furthermore, during phonation fluids are pushed away from the area of contact,
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increasing the risk of phonotrauma (Alves et al., 2019). Insufficiently lubricated vocal folds are more
likely to become irritated in the presence of repeated collisions or phonotraumatic events.
Subsequently, maladaptive behaviours like throat clearing can be introduced in response to

sensations of discomfort, worsening the irritation (Franca & Simpson, 2009).

Several techniques were introduced in clinical studies to induce systemic or surface dehydration
like oral breathing, low environmental humidity, inhalation of dehydrating agents and diuretics.
Other studies implemented VLTs to replicate dehydrating conditions associated with prolonged

talking.

A number of clinical studies have explored the effects of dehydration on voice quality, acoustic
measures, phonatory efficiency and vocal effort (Leydon et al., 2009; Sivasankar & Leydon, 2010).
Overall, systemic dehydration (fasting / non-ingestion of fluids) significantly affected acoustic
measures (NHR, jitter, shimmer), aerodynamic measures (s/z ratio), phonatory effort and voice
quality (increased hoarseness). Similarly, surface dehydration induced with oral breathing showed
significant detrimental effects on acoustic measures (NHR, jitter, shimmer) and perceived

phonatory effort (PPE) (Alves et al., 2019).

Adverse effects on the subglottic pressure were documented by Verdolini-Marston et al. (1990),
who showed an increased PTP consequent to dehydration from diuretics. Analogously, Sivasankar
and Erickson-Levendoski (2012) observed an increased PTP after obligatory mouth breathing during

a loud reading VLT in vocally healthy adults.

Lastly, the effects of oral breathing versus nasal breathing were explored, showing differences
between the two modalities with an increased PTP following oral breathing (Sivasankar & Fisher,

2002, 2003).

1.4.2 Systemic hydration

Systemic hydration refers to the general body hydration, usually achieved with daily fluid intake,
that keeps the body tissues healthy. It is considered the simplest and most cost-effective form of
hydration. Recommendations typically include approximately eight 8 oz water glasses per day (64

fl oz total) (Hartley & Thibeault, 2014).

Systemic hydration enhances the production of a thin, non-viscous mucosal layer that leads to the
lubrification of vocal folds, ideally restoring an optimal vocal fold movement (Franca & Simpson,
2009). The study of Chan and Tayama (2002) on excised canine larynges showed that dehydration
increased vocal fold stiffness and viscosity, while the same parameters were significantly reduced

after systemic rehydration, supporting the important biomechanical effects of hydration.
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In a clinical study conducted on female singing students, van Wyk et al. (2017) tested the effects of
systemic hydration versus systemic dehydration after 2-hour singing rehearsal. Results showed
positive effects on jitter and maximum frequency in the hydrated experimental group as well as an
increased maximum phonation time (MPT) and greater s/z ratio compared to the control group
(low hydration mode). Additionally, the grade of voice quality rated with the GRBAS scale (Hirano,

1981) was seen to be statistically significantly worse with systemic dehydration.

The systematic review by Alves et al. (2019) reports significant effects after water ingestion for
acoustic measures (jitter, shimmer, maximum frequency) with a greater sensitivity compared to
other measures. Significant effects are also reported for MPT as an aerodynamic measure, which

can be explained by reduced subglottic pressure facilitated by moist vocal folds.

1.4.3 Surface hydration

Surface hydration (also called superficial or topical hydration) refers to a direct lubrification of the
epithelial surface of the vocal folds (Sivasankar & Leydon, 2010). With systemic hydration, the
process of homeostasis has to take place across a 24-h period and an equal hydration status might
not be reached in all body tissues at the same time (Franca & Simpson, 2009). Conversely, the
inhalation of warm steam through the oral/nasal cavities directly increases the moisture of vocal
folds, affecting its viscoelastic properties. Therefore, in principle, the effects of systemic hydration

on vocal folds are not as targeted as the effects conveyed by superficial hydration.

For this reason, SLTs and other professionals (e.g. vocal coaches) often recommend surface
hydration to improve voice quality. It can be achieved through steam inhalation or nebulization of
different substances (water, isotonic saline, hypertonic saline, mannitol). Additionally, an increasing
number of devices have been developed and advertised in particular among intensive and
professional voice users also with preventive aims. Common practices for surface inhalation include
commercial humidifiers and nebulizers, facial steamers, steam inhalation from a basin of boiling
water, breathing through a wet gauze and breathing steam during a warm daily shower. However,

there is a lack of clinical studies validating clinical recommendations (Sivasankar & Leydon, 2010).

Mahalingam and Boominathan (2016) investigated the effects of 3 minutes of steam inhalation
through a facial steamer after mouth breathing in forty-five vocally healthy females. All the acoustic
parameters tested (jitter, shimmer, HNR) were negatively affected following mouth breathing and
subsequently significantly improved after rehydration. No significant differences were observed
between the baseline measures and the post steam inhalation measures supporting the important

role of steam inhalation in restoring voice quality-related acoustic measures to normal ranges.
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Effects of surface hydration on acoustic measures are also reported by Santana et al. (2017) who
asked participants to perform 10 minutes of oral breathing, in order to desiccate the vocal tract
achieving homogeneous baselines, and consequently to inhale a saline solution (NaCl 0.9%) for 5
minutes using a nebulizer. The intervention was performed every day over a 4-week period and
outcome measures were obtained one week before and one week after the intervention. Data
showed a significant increase in Fo post-intervention that might be linked with quicker vibrations of

vocal folds enhanced by the increased moisture of the vocal tract.

Other studies tested nebulised sterile water and other nebulised treatments (isotonic saline,
hypertonic saline) after oral breathing. Even though positive trends have been found, no treatment
significantly reversed the negative effects of desiccation on PTP (Tanner et al., 2016; Tanner et al.,
2007). Nonetheless, PTP seems to be task-dependent and affected by pitch levels (Keltz & McHenry,
2020; Roy et al., 2003). Additionally, self-reported sensations of effort and dryness were seen to

decrease with the nebulised saline treatment (Tanner et al., 2016).

Regarding environmental humidity, avoiding low humidity environments and increasing the
ambient humidity is generally recommended considering the negative effects of superficial
dehydration on voice (Alves et al., 2019). Sivasankar and Erickson (2009) conducted a study with
female smokers and non-smoker controls who were asked to perform nasal and oral breathing
challenges in either low ambient humidity (20% + 5%) or moderate ambient humidity (55% + 5%)
environments. Both the subject group and the type of humidity did not show significant effects on
PTP which significantly increased following the breathing challenge. Perhaps higher levels of

environmental humidity might be required to attenuate the detrimental effects of dehydration.

Keltz and McHenry (2020) tested the effects of different vocal warm-up strategies on PTP. The
strategies involved: 3 minutes of steam inhalation, 3 minutes of semi-occluded vocal tract exercises
(SOVTE), steam inhalation combined with SOVTE. Improvements in vocal efficiency with a
decreased PTP were mainly seen for steam inhalation (isolated or combined with SOVTE). However,
patterns of increased and decreased PTP depending on the participant were observed for all the
strategies. The work of Keltz and McHenry (2020) suggests that clinicians should recommend steam

inhalation and carefully consider the client’s profile before recommending strategies.

Recently, Borragan et al. (2021) investigated the effects of 10 minutes of nasal breathing through a
damp gauze combined with vocal warm-up exercises in a sample of sixty-one adults. Results
showed significant changes in the glottic closure, the amplitude of the mucosal wave, the maximum
opening of the glottic space, the shimmer, and the B of GRBAS in the gauze group that performed
nasal breathing and vocal warm-up exercises. Nonetheless, outcome measures did not include self-

perceived sensations of vocal tract discomfort.
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1.5 Vocal fatigue and hydration

Systemic and surface hydration have been also investigated in conjunction with vocal fatigue.
Instead of testing rehydration after dehydration challenges, researchers tested rehydration after
VLTs. The underlying principle is that highly intensive vocal demands can increase the viscosity and
stiffness of vocal folds, making them susceptible to dehydration (Alves et al., 2019; Fujiki et al.,
2017; Solomon, 2008). Indeed, viscoelastic properties affect the vibration of the vocal folds and are

influenced by hydration levels (Chan & Tayama, 2002; Santana et al., 2017; Solomon, 2008).

Researchers have been interested in assessing the potential role of hydration in restoring the
adverse effects of VLTs, informing clinicians about the usefulness of recommending re-hydration
after vocally demanding activities. While the effects of vocal fatigue or hydration have been
individually documented (§1.3, §1.4), the relationship between these two domains has been poorly

explored (Fujiki et al., 2017).

Yiu and Chan (2003), tested systemic hydration and vocal fatigue in twenty amateur singers.
Participants who were given both systemic hydration and vocal rest during a singing VLT were able
to sing significantly longer than those without hydration, but no significant effects on acoustic

measures were detected.

Vintturi et al. (2001) tested the effects of a 45-minute reading VLT. Data showed no effects of either
low or high ambient humidity on vocal loading. Nevertheless, this study suffers from several pitfalls.
The study manipulated multiple other factors introducing potential confounding variables. Indeed,
authors exposed participants to eight different conditions (10 participants for each condition)
combining the low and high ambient humidity with two loudness levels required during VLT, and a
sitting versus standing posture during VLT. The authors also did not control for hydration levels, for
instance through blood plasma concentrations or bioelectrical impedance analysis, or at least
asking participants to avoid any fluid ingestion before the experiment to achieve homogeneous
baselines. Lastly, a multidimensional voice assessment was not performed. Outcome measures

mainly included time-domain parameters of the glottal flow.

In a more recent study, Fujiki et al. (2017) tested environmental humidity in conjunction with a 30-
minute VLT in sixteen vocally healthy adults. Participants were exposed either to low (22% - 28%)
or moderate (52% - 65%) ambient humidity for 20 minutes before the VLT. Multiple outcomes
measures were assessed. Data showed that even if the VLT successfully produced effects on
acoustic and self-perceived voice measures, no major differences in the magnitude of the
detrimental effects were observed for the two ambient conditions. However, as previously

supported by Sivasankar and Erickson (2009), it should also be considered that rehydration
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treatments that do not maximise exposure to high humidity levels (80%-100%) may not be
successful as a consequence of the robustness of vocally healthy larynges. Perhaps, a surface
hydration achieved with steam inhalation, compared to an environmental humidifier, might induce

a more directed lubrification of the vocal fold mucosa.

1.6 The purpose of this research

A growing body of literature has investigated vocal loading as well as the effects of hydration on
several voice measures. Nonetheless, results are often inconclusive and strictly task-dependent.
Heterogenous methodologies that involve different inclusion/exclusion criteria, different study
designs and pre-session instructions as well as the use of different equipment and outcome

measures; make findings difficult to compare.

Vocal fatigue is undoubtedly a complex multifactorial phenomenon widely experienced, often the
core of the current scientific debate. Many attempts have been made to implement effective VLTs
in research settings. This research aims to investigate whether a practical and short 20-minute VLT,
designed by combining multiple loading factors affects acoustic, aerodynamic and self-perceived

voice measures. Thus, it extends the knowledge of vocal fatigue on vocally healthy adults.

Regarding hydration, overall positive effects were found for systemic and surface hydration
although mixed findings have been recorded (Alves et al., 2019). Only a limited number of studies
have explored the role of rehydration in restoring the detrimental effects of vocal fatigue. This
research seeks to expand current knowledge by investigating the interaction between vocal fatigue
and surface hydration achieved with 10 minutes of steam inhalation performed with a basin of
boiling water and a towel to contain the steam. This may inform clinicians about including steam
inhalation in vocal hygiene programmes providing details regarding equipment and duration to
recommend during home-practice. The research may also inform about the implementation of
steam inhalation as a cool-down strategy to recommend after vocally demanding activities to

restore the effects of vocal fatigue.

1.7 Aims

The first aim of this study is to investigate the effectiveness of a Vocal Loading Task (VLT) in inducing

changes in voice outcome measures in adults.

The second aim is to investigate the effects of steam inhalation in adults and its potential

effectiveness in restoring the adverse effects of a VLT.
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1.8 Research questions

To address the research aims, three research questions are stated:

1) Is there a difference in voice outcome measures between baseline measures and post VLT

measures in adults?

This research question will identify whether the bespoke VLT designed for this study produced
aberrant voice quality or vocal tract symptoms. If successful, this has the advantage of providing

standardised and shorter VLT than others published in the literature.

2) Is there a difference in voice outcome measures between pre and post steam inhalation

measures in adults?

This research question explores the effects of the steam inhalation procedure implemented for this
study on voice quality and self-perceived sensations. It will inform clinicians regarding the potential

benefits of steam inhalation achieved with a common basin of boiling water.

3) Is there a difference in voice outcome measures between baseline measures and post steam

inhalation measures in adults?

This last research question will investigate the effectiveness of steam inhalation in recovering the
potential detrimental effects induced by the VLT. If effective, no differences between baseline and
post rehydration measures will be detected thus informing regarding the role of steam inhalation

in restoring the adverse effect of vocal fatigue.

1.9 Summary

Throughout this chapter, three main themes were explored: vocal fatigue, hydration, vocal fatigue

in conjunction with hydration. Lastly, aims and research question were stated. The next chapter will

discuss the methodology adopted in this research.
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Chapter 2 — Methodology

2.1 Introduction

This chapter reports the research methodology adopted in the current study. It provides also ethical

considerations and discusses the validity and reliability of this work.
2.2 Ethics

The present research was submitted for ethical approval as a joint project with another MSc.
student. The recruitment of participants and the data collection were performed by the principal

investigator (P1) and by the co-investigator, whereas different data analyses were performed.

Ethical approval was obtained from the School of Linguistic, Speech & Communication Sciences,
Trinity College Dublin on 19.02.21 (Appendix I). The ethical principles of respect for persons,
autonomy, justice, beneficence and non-maleficence were considered in the current project

(Beauchamp & Childress, 2019).

2.2.1 Respect for persons and autonomy

By upkeeping the principles of respect for persons and autonomy, the researcher has “to disclose
information, to ensure understanding and voluntariness and to foster adequate decision making”
(Beauchamp & Childress, 2019, p. 80). Those principles have been adhered to by providing
participants with the consent form and the participant information leaflet (PIL) (Appendices I, 1l1).
The PIL contained detailed information about the project’s aims, procedures, data handling and
potential risks. Contact details of the PI, co-investigator and the supervisor of the study were
included. Queries related to the study were directly answered by the investigators. After a three-
day period to freely consider the research, written consent was obtained. Withdrawing from the

study was possible at any time.

Participants were informed that their confidentiality was kept by using only institutional email
accounts for correspondence, Zoom as a secure platform (Zoom Video Communications Inc., 2016)
and Microsoft OneDrive (Microsoft Corporation, 2007) as a storage platform. No session was
recorded. Regarding data storage, all identifiable data (name, voice samples, consent forms) were
password protected and encrypted in a Zip file, stored in Microsoft OneDrive, accessible only to the

investigators. The data retention period was seven years according to ethics committee
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recommendations. Considering the fully online nature of this study, a Data Protection Impact

Assessment (DPIA) was conducted indicating a low risk level (Appendix 1V).

2.2.2 Principles of justice, beneficence and non-maleficence

To ensure the principle of justice, all eligible participants were enrolled in the study. Procedures

were equally administered ensuring fairness and equality.

Regarding the principles of beneficence and non-maleficence, the researcher has to minimise
potential risks and increase possible benefits for participants (National Commission for the
Protection of Human Subjects of Biomedical and Behavioral Research, 1979). Considering the

ongoing global pandemic, participant protection was ensured by collecting data online.

VLTs are designed to stress the laryngeal system and adverse effects might occur. Increased tension
due to a muscular fatigue, or laryngeal mucosal damage may result (Solomon, 2008). This might
seem at odds with the principle of non-maleficence. The VLT used in this study was however
designed on the basis of existing literature not to be harmful to individuals. Moreover, VLTs are
comparable in their execution to vocal function exercises. These are a widely used evidence-based
therapeutic approach that add a demand to the laryngeal system in order “to strengthen and
rebalance the laryngeal musculature” (Bane et al., 2019, p. 2; Stemple et al., 1994). Therefore, it

was hypothesized that VLTs would not generate long-term detrimental effects.

To ensure no long-term consequences from the VLT, a comprehensive understanding of the correct
procedure was facilitated by sending an instructional video in advance, performing a VLT trial and
reviewing the full procedure with participants. To prevent potential adverse effects from VLTs,
participants were given a set of post-session vocal hygiene recommendations to promote relaxation
and a vocal well-being (Appendix V). Lastly, participants were invited to contact the investigators in
case they were concerned with their voice or in case of long-term adverse effects. A voice

assessment session was scheduled with participants if needed.

2.3 Participant characteristics

2.3.1 Inclusion and exclusion criteria

This study recruited adults with no known voice disorders. A set of sample criteria were carefully
defined to control for possible confounding factors and were confirmed before scheduling sessions
with participants (Table 2.1). Exclusion criteria were also designed to avoid recruiting participants

at potential risk of harm from VLT (e.g. smokers).
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Table 2.1: Inclusion and exclusion criteria

Inclusion criteria

Age: adults aged 18-60

Exclusion criteria

History of voice pathology, self-
reported voice problems, voice
therapy

Professional voice users: trained
singers only

Smokers

Taking medications on a regular
basis at the time of the study,
except for birth pill control

upper/
lower respiratory tract infection,

Respiratory problems:

asthma at the time of data
collection
Allergy at the time of data
collection

Flu at the time of data collection
Self-reported hearing loss

2.3.2 Recruitment

Rationale

than
considering the significant influence of childhood and

Individuals younger 18 vyears were excluded
adolescence on voice measures (McAllister & Sj6lander,
2013). Adults than

presbyphonia and presbyacousis (Angerstein, 2018).

older 60 years may present

Rationale

These parameters identify individuals with voice disorder
whereas the current research focused on vocally healthy
individuals

Trained singers were seen not to be sensitive to VLTs (Gelfer
et al., 1991).

Cigarette smoking is a risk factor for the development of
voice disorders, like Reinke’s Oedema (Tavaluc & Tan-
Geller, 2019). Smokers can be at greater risk of vocal harm
from VLTs.

Medications can affect hydration status and cause
symptoms of dryness, vocal fatigue (Bock, 2019; Nemr et al.,
2018; Walter & Lenz, 2011), while contraceptive pills do not
affect voice as fluctuations in sex hormones might do
(Giersch et al., 2020; L3 & Polo, 2020; Pavela Banai, 2017).
People who take regular medications are possibly at risk of
harm from VLTs.

Those participants can be at greater risk of harm from VLTs.

Allergy can affect phonation (Spantideas et al., 2019). Those
participants can be at risk of harm from VLTs.

Those participants can be at risk of harm from VLTs
Hearing loss affects the ability to control the loudness
during VLTs

The project was advertised to undergraduate and postgraduate students of the Department of

Clinical Speech and Language Studies of Trinity College Dublin. The departmental Executive Officer

acted as the gatekeeper sending an email to prospective participants on behalf of the investigators.

The email included the PIL and the inclusion/exclusion criteria (Appendix VI). Prospective

participants were offered the possibility of a Zoom call to explain further details of the project and

answer any queries.
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The investigators replied to interested participants asking them to confirm population criteria, sent
an essential equipment list. After a three-day period, written informed consent was asked. Sessions
were scheduled for a date of their convenience in the morning so that external vocal demands were
less likely to have occurred. Pre-session instructions further explained (§2.5.1) were sent to

participants.

Additionally, an instructional video showing all the experimental procedures demonstrated by the
investigators was filmed specifically for this research, uploaded as unlisted YouTube Video and the
link was sent to participants to prepare individuals to the session. The video can be viewed at the

following link: https://youtu.be/DAY8e13K9l4.

The overall recruitment process is summarised in Figure 2.1.

Figure 2.1: Recruitment process

Step 1 - Project advertisement

Individuals were contacted by the gatekeeper via email. They were invited to participate and
contact the investigators if interested. PIL was given. Queries to the project were answered.

Step 2 - Informed consent and essential equipment list

Participants were asked to confirm inclusion and exclusion criteria. Researcher sent essential
equipment list and informed consent. After a three-day period, written informed consent was
asked.

Step 3 - Scheduling sessions

Participants were sent the pre-session instructions and the link for the instructional video.
Sessions were scheduled in a date of convenience, in the morning.

2.3.3 Sampling method

A convenience sampling strategy, a form of non-probability sampling, was chosen for this project.
Within a self-selected sampling strategy, prospective participants placed themselves into the
sample of the target population (Passer, 2014). A convenience sample was deemed suitable
considering its large use in health research and the limited available time for recruitment (Bowling,

2014).
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2.3.4 Sample size estimation

The total sample size of an experiment can be calculated combining the effect size, P value and
power, chosen accordingly to the nature of the study (Cadeddu et al., 2008). A sample size
calculation was conducted with G*Power 3.1 software (Faul et al., 2007). Although a power level of
0.80is commonly used in research, the power of this study was set to 0.90, reducing the probability
of a type Il error (B=10%). A medium effect size of 0.25 was chosen based on Cohen’s f measure.

The total sample size was n=36. Details on the sample size calculation are listed below (Table 2.2).

Table 2.2: Sample size calculation

Statistical test ANOVA: Repeated measures, within factors
Effect size f 0.25

a error probability 0.05

Power 0.90

Number of groups 1

Number of measurements 3

Correlation among repeated measures 0.5

Nonsphericity correction 1

Total sample size 36

2.4 Materials & methods

2.4.1 Research design

To address the research questions, a quantitative methodological approach was chosen since it
permits descriptive and inferential statistics to be determined from the collected numerical data
(Passer, 2014). A systematic or scoping review was discarded since the project’s aim is to assess

new instruments and previous reviews already exist.

A quasi-experimental prospective study, a one-group pretest-posttest design was the most
appropriate design since it measures within-subject changes in outcome measures following
interventions. However, it “lacks key aspects of experimental control” (Passer, 2014, p. 302)
reducing the internal validity of the study. The lack of a control group for practical reasons made it
more difficult to infer causality between variables. Indeed, natural changes could potentially be
responsible for effects. That threat was counterbalanced with a robust design that minimised

confounding factors.
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The study was divided into three data collection timepoints: baseline (VO), after VLT (V1), after
steam inhalation (V2). The same outcome measures in the same sequence were collected at each
of these time points to capture changes in voice. A diagram of the one-group pretest-posttest

design of Campbell et al. (1963) is applied to this research (Figure 2.2).

Figure 2.2: One-group pretest-posttest study design

VO X (VLT) Vi Y (Steam inhalation) V2

- X, Y =interventions

- V0, V1, V2 = timepoints where voice outcome measures were collected

This research was an exploratory study where interventions (VLT, steam inhalation) were
specifically designed and tested. As such, research hypotheses were not formulated, but rather

research questions were stated (§1.8).

2.4.2 Dependent and independent variables

Experimental study designs aim to assess causality between dependent and independent variables
(Bowling, 2014). In this study, the dependent variables are represented by voice outcome

measures.

PTP is an aerodynamic measure that refers to “the minimum subglottal pressure required to initiate
vocal fold oscillation” (Fisher & Swank, 1997, p. 1). Self-perceived outcomes have traditionally
involved self-evaluation questionnaires to measure the impact of voice issues on individuals
(Behlau et al., 2017). According to the literature, PTP and self-perceived measures are sensitive
outcomes for vocal fatigue. A disagreement exists for acoustic measures (Fo, intensity, jitter,
shimmer, NHR). Only a few studies captured CPP with mixed results (Fujiki & Sivasankar, 2017).

Regarding hydration, acoustic measures were mainly used in previous works (Alves et al., 2019).

Therefore acoustic, aerodynamic and self-perceived measures were chosen as outcome measures.
Acknowledging the sensitivity of PTP and its impracticability for this project, MPT was chosen as an

alternative aerodynamic measure.

Concerning self-perceived measures, this study adopted a modified version of the Vocal Tract
Discomfort Scale (VTDS) which is designed to evaluate “the severity and frequency of an individual’s
throat discomfort” (Mathieson et al., 2009, p. 2). The VTDS is commonly used with clients who
experience vocal tract discomfort that often accompanies muscle tension dysphonia (Mathieson et
al., 2009). Individuals are asked to rate the severity and frequency of eight sensations from 0 (least)

to 6 (most). For this study, a modified version was developed including only a rating of the severity
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of the listed sensations whereas the frequency was excluded since it was non-relevant. To capture
a wider range of sensations, participants were offered the opportunity to specify other sensations
and their severity. Moreover, two additional rating scales on effort and fatigue were included to
quantify the experience of participants on these qualitative descriptors from 0 (least) to 10 (most).
The modified VTDS and the rating scales of effort and fatigue were then implemented on Qualtrics

(SAP, Walldorf) to permit online administration (Appendix VII).
Independent and dependent variables of the present research are reported in Figure 2.3.

Figure 2.3: Independent and dependent variables

Independent variables Dependent variables
* Time-VO Acoustic measures: ¢ Fundamental frequency (Fo)
+ Time-V1 * Intensity (dB)
* Time-V2 o litter

e Shimmer

* NHR

« CPP

Aerodynamic measures: *  Maximum phonation time (MPT)

Self- perceived measures: ¢  Scores on modified VTDS
(Mathieson et al., 2009)

* Rating scales of effort and fatigue

2.4.3 Research instruments and equipment

Data collection was conducted remotely by the Pl and co-investigator, both qualified SLTs, following
practice sessions and a protocol to ensure a consistency between investigators. Individuals were
monitored for the whole procedure. Outcome measures were collected during the session. In
particular, acoustic and aerodynamic measures were recorded during the session by participants
with their smartphones, sent to the Pl and subsequently analysed. With the onset of the COVID-19
pandemic, telepractice and remote recordings have become accessible and reliable alternatives to
in-person voice assessment techniques (Schneider et al., 2021). Grillo et al. (2016) confirmed that
performing remote recordings with different smartphones does not significantly affect acoustic
analysis. Recordings in an uncompressed file format (.wav) were required since audio compression

might affect acoustic measures (Cavalcanti et al., 2021).
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The free of charge App “Voice Recorder” was suggested either for android (j labs, 2020) and i0S

(TapMedia Ltd, 2020) smartphones since it allowed to record voice samples in the appropriate

format.

Figure 2.4: Screenshots of Voice Recorder & Audio Editor app for android (j labs, 2020) and iOS

(TapMedia Ltd, 2020) smartphones.

Android —j labs iOS — TapMedia Ltd

Before the session, participants were provided with an essential equipment list (Figure 2.5).

Figure 2.5: Essential equipment list

Essential equipment list

This is the essential equipment you will use during the session:

Laptop or computer with microphone available

Create a Zoom account ready to be used

Smartphone (charged)

Download the app “Voice Recorder” (j labs on Android or TapMedia Ltd on iOS) which is free
of charge. This will be used to record your voice in an uncompressed format (.wav) to ensure
the quality of audio.

Download the App “Decibel X” (SkyPaw Co. Ltd, 2020), which is free of charge and available
for iOS and Android. This will be used to monitor your loudness.

Ruler (30 cm) to measure distances

Basin and a towel for the steam inhalation

Water and kettle/pot to boil water available
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The sound pressure level (SPL) meter App “Decibel X” (SkyPaw Co. Ltd, 2020) was used during the
VLT further explained (§2.5.2). The app was chosen as it is available on Android and Apple devices,
improving instrumental reliability. During the experimental procedure, individuals were asked to

monitor their loudness by checking the red number showed in Figure 2.6 which reported dB SPL.

Figure 2.6: Screenshot of the App Decibel X:dB Sound Level Meter (SkyPaw Co. Ltd, 2020)

Furthermore, no requirements for the shape or dimension of the basin were given, increasing

ecological validity, since these will vary amongst households.
The research instruments used by the investigators are presented in Figure 2.7.

Figure 2.7: Research instruments

Research instruments

e Modified version of the VTDS (Mathieson et al., 2009)

e Qualtrics (SAP, Walldorf) used to administer modified VTDS

e The Chronicles of Narnia ebook (Lewis, 2004) for VLT.

e The “Rainbow Passage”, to capture voice samples at VO, V1, V2

e Stopwatch

e Zoom as a platform to arrange sessions and carry out data collection

e Praatversion 6.1.29 (Boersma & Weenink, 2020) for acoustic analysis

e Microsoft Excel for data collection

e IBM SPSS Statistics Version 26.0 (IBM Corporation, Armonk) for statistical analyses

e HP laptop with Windows 10 Home
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2.5 Procedures

Pre-session, during session and post-session procedures were carefully defined and equally applied

to participants. These are outlined in the flowchart below (Figure 2.8).

Figure 2.8: Flowchart of the study procedures

Pre — session During — session Post — session
procedures procedures procedures
Pre — session Preparation: Vocal Hygiene
N — e Revision of procedures and equipment recommendations
e VLT trial Acoustic measures:
v F
v'  Intensity (dB)
v litter
v Shimmer Participants are
v NHR reminded to send
start Record v CPP recordings
prolonged /a/
x 3 times
Aerodynamic measure:
v'MPT
VO - Baseline

Self-perceived measures:

Read the v Modified VTDS
“Rainbow —> (Mathieson et al., 2009)
passage” ¥' Rating scales of

effort and fatigue

. 20 minutes

. Loud reading (70 - 85 dB)
. Prosodic changes

. Forward head position

Acoustic measures

Record
prolonged /a/
x 3 times
Aerodynamic measure
V1
(equal to VO)
Read the
“Rainbow —_— Self-perceived measures
passage”
Steam inhalation:
3 10 minutes
. 20-30 cm distance
. Basin of boiling water
and a towel to contain
the steam.
Acoustic measures
Record
prolonged /a/
x 3 times
v Aerodynamic measure
V2
(equal to VO, V1)
Read the
“Rainbow e Self-perceived measures
passage”
v
End
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2.5.1 Pre-session procedures

Pre-session instructions were designed to control for possible confounding factors (Figure 2.9).
Sessions were arranged for mornings to minimise the risk that voices were already fatigued.
Participants were asked to be awake for at least one hour to ensure they were in the appropriate
physical conditions to perform the VLT without causing damage. Participants were asked to avoid
hot showers, foods or drinks before the session since differing surface and systemic hydration could
have influenced the baseline. Individuals were also recommended to use a quiet room for the
session to reduce background noises. Indeed, room acoustics and background noises might affect
voice parameters even more than the type of microphone used for recordings (Bottalico et al.,

2020).

Figure 2.9: Pre-session instructions

Pre-session instructions

e Avoid vocally harmful behaviours (e.g. long periods of shouting, singing or projecting your
voice) in the 24h before the session.

e Be up from bed for at least 1 h with minimal voice use since then.

e Avoid hot shower or bath before the session.

e Avoid foods or drinks before the session.

e Use a quiet room for the session so that recordings will not be affected by background noises

2.5.2 During session procedures

At the beginning of the session, all the essential equipment and procedures were revised. A short
VLT trial was conducted to assess the participant’s understanding of the task. During the session,

the investigators shared their computer screen as needed, for example to display reading passages.

Initially, participants were asked to confirm their identity and provide their age. The same outcome

measures using the same procedures and sequences were collected at VO, V1, V2. Participants were

asked to record the following tasks at 4 cm distance from the smartphone in an uncompressed

format (Cavalcanti et al., 2021; Grillo et al., 2016):

- Take a deep breath and produce a sustained /a/ for as long as possible in a comfortable voice.
Three trials were conducted, the longest one was used for aerodynamic and acoustic analyses
according to Mathieson (2001).

-~ Read naturally the “Rainbow passage” on the screen and rate the modified VTDS and the rating

scales of effort and fatigue.
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Figure 2.10: Screenshot of the instructional video showing the recording of voice samples

After baseline measures, the VLT took place. The VLT was designed with the goals of being as short
as possible in duration and non-traumatic to avoid participant burden. It was designed to be
challenging to induce vocal fatigue, well-controlled to avoid potential confounders and easily
replicable to increase the external validity of the procedure. To shorten the duration, multiple
loading factors were manipulated based on previous works. Higher vocal intensity, a prosodic voice
effect and altered head posture were chosen as the most appropriate (Gilman & Johns, 2017;
Remacle et al., 2012). The VLT consisted of reading loudly and with emphasis “The Chronicles of
Narnia” (Lewis, 2004) for 20 minutes with an exaggerated forward head position (Figure 2.11). To
convey a prosodic voice effect, participants were invited to perform as if they were reading the

book to a child adding inflections with their voice.

Figure 2.11: Screenshot of the instructional video showing the VLT
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Alternative methods were also evaluated. Adding background noise to increase the intensity of
participants exploiting the Lombard effect was discarded because it was not feasible online
(Whitling et al., 2015). Instead, an SPL meter app helped participants maintain a loudness range of
70 -85 dB. That range was chosen to ensure loud voice, but prevent participants from using extreme
loudness and risking vocal harm given that precise instrumental sensitivity was not known. At the
end of every page, the investigator reminded participants to check their loudness. Moreover, the
strategies of asking participants to use an altered pitch (Buekers, 1998) or a pressed voice (Fujiki et
al., 2017) were discarded considering the potential inconsistency of participant responses. Those
methods, mainly based on modelling, were difficult to implement, which might affect reliability.
Instead a prosodic voice effect represented a more natural demand for participants. Regarding the
exaggerated forward head position, it was seen to significantly affect the self-perception of
phonatory effort (Gilman & Johns, 2017). It requires only a minimum of coaching. Lastly, an
inconsistency in length of time of VLTs has been documented in the literature (§1.2.4). Considering
the aimed goals of the present VLT, based on the 30-minutes VLT of Fujiki et al. (2017), the duration

was shortened and kept to 20 minutes given that additional loading factors were introduced.

The conceptual framework concerning vocal fatigue provided by Hunter et al. (2020) (§1.2.2) is

applied to the present research as followed:

e Vocal demand: The vocal requirement generated by the VLT.

¢ Vocal demand response: The voice features (loudness, pitch) modulated in response to the VLT.

e Vocal effort: The participant’s perception of the effort associated with voice production during
the VLT.

e Vocal fatigue: The result of the vocal effort. The participant’s voice might get fatigued in

response to the VLT.

Immediately after VLT, the same baseline measures procedures (VO) were repeated (V1).

Participants were then asked to boil some water for the next phase.

For the steam inhalation phase, participants were asked to do a 10-minutes steam inhalation over
a basin of boiling water at a distance range of 20-30 cm, measured with a ruler (Figure 2.12). To
maximise the effects of steam inhalation, participants were asked to breathe in through both their
oral and nasal cavities simultaneously, ensure water was boiling or at least producing steam, and a

towel was worn over the head to contain the steam.
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Figure 2.12: Screenshot of the instructional video showing the steam inhalation intervention

Lastly, immediately after the steam inhalation, outcome measures were collected (V2) identically

to VO and V1.

The instructions provided during the experimental phase are reported below (Table 2.3) thus

ensuring consistency between the investigators.
Table 2.3: During session instructions for participants

Remember to sit in a comfortable position. Open the Recorder app and select the
.wav format. Measure 4 cm distance from the smartphone to your mouth. While
Outcome recording, produce a sustained /a/ for as long as possible with a comfortable
measures voice. Then press save and rename the file with your code participant number

VO, V1, V2 followed by the number of the recording. Let’s do it three times.
Read the “Rainbow passage” shared on the screen as naturally as possible. Rate

the sensations that you are experiencing on the shared scale on the screen.

Open your smartphone and the Decibel X app. Place the smartphone on the
laptop. With a forward head position, read loudly with emphasis the book until |

VLT stop you. Imagine reading it to a child. Check to have a loudness of 70-85 dB using
the app. At the end of every page | will remind you to check your loudness saying
“check your loudness”. Keep on reading until | will stop you

Take the laptop and move to the kitchen or bring the basin of boiling water next
to you. Take the kettle or the pot and check that the water is still boiling or
Steam steaming. If it is not, put it boiling some minutes more. Pour the water into the
inhalation  basin. Sit in a comfortable position. Measure 20-30 cm distance from the water.
Put the head under a towel. Breathe at a natural pace into the oral-nasal cavity at
that distance, until | stop you.
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2.5.3 Post-session procedures

After the session, participants were provided with a document with evidence-based vocal hygiene
recommendations to prevent potential vocal fatigue (Mathieson, 2001) (Appendix V). Finally,
individuals were reminded to send recordings and were advised to contact the researchers if they

had any voice problems afterwards.

2.6 Validity

2.6.1 Internal validity

Internal validity is the confidence in which a study demonstrates that one variable truly produced
an effect on another variable without the obtrusion of external factors (Bowling, 2014; Passer,
2014). Although acknowledging the quasi-experimental nature of this study with a lack of a control
group, the rigorous study design with multiple outcome measures ensured internal validity. Indeed,
the designed set of inclusion/exclusion criteria and pre-session instructions minimised confounding

factors.

Nonetheless, given the necessarily remote nature of the study, environmental humidity was not
controlled. Opening windows to normalise humidity between participants was discarded due to the
multiple geographical locations of individuals. Female sex hormone fluctuations weren’t controlled.
Literature shows that hormones might influence hydration and voice function (Giersch et al., 2020;
Pavela Banai, 2017). However, controlling for menstrual cycle among women was not feasible since
it would have not allowed the recruitment of the expected sample size. It should be considered that
sex hormones might affect only some outcome measures, like Fo(Ld & Polo, 2020), with a potential

small magnitude not relevant to the analyses.

An evaluation of potential internal validity threats identified in the literature (Bowling, 2014;
Higgins et al., 2019; Passer, 2014) within the measures taken to minimise risks is provided below

(Table 2.4).
Table 2.4: Potential internal validity threats

Potential internal validity threats

Maturation Outcome measures were collected immediately after VLT or steam
inhalation. The risk that the passage of time affected measures was
therefore minimised.
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Testing

Instrumentation

Attrition

Selection

Social interaction
Regression

to the mean

Mortality

Outcome measure procedures were chosen as short, minimally
burdensome, easily applicable and consistent for participants. It was
reduced the possibility that the collection of baseline outcomes could lead
to testing effects that might affect the further steps of the experimental
procedure.

Same outcome measures in the same sequence were collected at VO, V1,
V2. However, given the remoteness nature of the study, a variety of
equipment between participants existed. Consistency of the equipment of
the researcher was observed throughout data collection.

Procedures involved only the minimum essential steps. A detailed session
protocol ensured a less time-consuming procedure, reducing the risk of
subject loss during the study.

The current study included only one group of participants. The same
procedures were conducted with all individuals. Therefore, selection, social
interaction and regression to the mean would not be potential threats to
the internal validity.

This internal validity threat is not applicable to the current project

2.6.2 External validity

External validity is related to the generalisability of findings, across different populations and

settings (Bowling, 2014). In particular, ecological validity refers to the generalisability of findings

from the research context to a natural setting (Passer, 2014). The online nature of this study with

the use of different types of basins improved ecological validity since usually vocal hygiene practices

do not involve specific types of basins. The main limitation to the generalisability of findings was

the task dependency of results. Indeed, the VLT and steam inhalation procedures were specially

designed for this research.

Threats to external validity identified in the literature (Bowling, 2014; Higgins et al., 2019; Passer,

2014) and relevant to the current project are provided in Table 2.5.

Table 2.5: Potential external validity threats

Potential external validity threats

Sampling bias

Considering the inclusion/exclusion criteria of this project, the final sample
was expected to be representative of vocally healthy adults aged between
18 and 60 years. However, considering that the research was advertised
through undergraduate and postgraduate students of the Department of
Clinical Speech and Language Studies of Trinity College Dublin, the final
sample was likely to be clustered in age and sex.
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Experimenter effect

Hawthorne effect

Testing effect

Situation effect

2.7 Reliability

The study procedures and the protocol for the investigator were rigorously
defined to reduce the potential influence of the researcher on outcome
measures. The investigators performed a training period that further
enhanced the consistency between the researchers.

Participants were not blinded to study procedures. The self-reported
measures of participants taken after VLT and after steam inhalation might
be altered due to a Hawthorne effect.

Outcome measures procedures were chosen as short, not stressful, easily
applicable and consistent. Therefore, it was reduced the potential
influence of the procedures on the tested interventions.

A rigorous control for confounding factors was conducted. However,
specific features of the study (e.g. the morning time for data collection)
might reduce the generalisability of the results.

Reliability refers to the consistency of measurements. It relates to the degree to which the same

experiment generates equal results even in different circumstances (Roberts & Priest, 2006). The

reliability estimates, typically described in health research (Kimberlin & Winterstein, 2008; Passer,

2014) are reported below (Table 2.6).

Table 2.6: Reliability estimates

Inter-rater reliability

Intra-rater reliability

Test-retest reliability

Stability of ratings among different investigators, also called
interobserver agreement.

Stability of ratings among repeated measurements conducted by a
single investigator

Stability of ratings when a measure is repeated with the same
instrument, under equivalent test conditions.

In this study, the use of the same procedures with every participant enhanced reliability. However,

variability of research instruments (participants’ mobile devices) existed leading to a potential

threat to the intra-rater and test-retest reliability of findings. No potential threats to inter-rater

reliability occurred in this study since only objective measures were used.

2.8 Data Analysis

All the participants’ data were collected in an Excel spreadsheet that included the participant ID

number, age, sex and all the outcome measures taken. Data were traceable to its origin thanks to

a code key that ensured participants’ right to withdraw at any time. The code key was password

protected, encrypted and stored in Microsoft OneDrive. Data analyses were conducted with IBM

SPSS Statistics version 26.0 (IBM Corporation, Armonk).
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Descriptive statistics summarised the sample’s data. Appropriate measures of central tendency and
spread were calculated for age, sex and dependent variables. In particular, the median and the
interquartile range (IQR) were chosen since they are less sensitive to extreme values and therefore

more appropriate considering the reduced sample size of this study (Passer, 2014).

To answer the research questions, inferential statistical analyses were run. Statistical significance

was o < 0.05. All test assumptions were met unless stated.

One-way repeated measure ANOVA was planned to test the effects of interventions on voice
measures. Nevertheless, the test assumption concerning the approximate normality distribution of
the dependent variables in the related groups could not be fully satisfied. The normality of data was
assessed visually and with the Shapiro-Wilk test which revealed a statistically significant non-normal
distribution in at least one group for the following variables: Fo (V0), shimmer (VO0), jitter (VO), NHR
(VO, V1, V2), total score (VO, V2), effort (V2). Table 2.7 reports a summary of the Shapiro-Wilk test

for normality.

Table 2.7: Summary of the Shapiro-Wilk test for normality. Significant results are in bold.

Variables Vo Vi V2

Fo (Hz) p=.018 p=.573 p=.818
Intensity (dB) p=.772 p = .646 p=.577
Shimmer (%) p =.001 p=.715 p=.275
litter (%) p <.001 p=.134 p =.082
NHR p <.001 p =.001 p <.001
CPP p=.115 p=.249 p =.803
MPT (s) p=.936 p=.576 p=.199
Total score p =.008 p=.217 p <.001
Total severity p=.537 p =.087 p=.551
Fatigue p=.329 p=.172 p=.212
Effort p =.056 p=.163 p=.031

Considering also the small sample size (n=12), and therefore a reduced overall statistical power, the
Friedman test was performed as non-parametric alternative. Appropriate statistical hypotheses are

stated (Figure 2.13).

Figure 2.13: Statistical hypotheses of the Friedman test

e ™
Null hypothesis (Ho): there is no statistically significant difference in median values of the

depend variable tested at VO, V1 and V2 in any of the related groups.
N J

e N
Alternative Hypothesis (Hi): there is a statistically significant difference in at least one pair of

the related groups for the dependent variable tested at VO, V1 and V2.
N J
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The Kendall’s W test value was adopted as effect size estimation (Tomczak & Tomczak, 2014) and
interpreted following Cohen’s guidelines of 0.1 as small effect, 0.3 as medium effect and above 0.5

as large effect (Cohen, 1988).

The Wilcoxon signed-rank test was then conducted for post hoc analyses. The assumption
concerning the shape of the distribution of differences between the two related groups was visually
assessed. When the distribution was non symmetrical, the Sign test was conducted on paired

observations. A Bonferroni correction (o = .017) was applied.

2.9 Summary

This chapter reported the methodology adopted to answer the stated research questions. The

following chapter presents the findings of this study.
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Chapter 3 — Results

3.1 Introduction

The study investigated the effects of a VLT and subsequent steam inhalation on acoustic,
aerodynamic and self-perceived voice measures in adults. It also aimed to evaluate the
effectiveness of steam inhalation in restoring the potential adverse effects of VLT. In this chapter

the results of the analyses conducted following the stated methodology (§2.9), are reported.

3.2 Participation rate

Overall, a total of n=12 eligible participants were involved in this study. Although the period of
recruitment and data collection lasted for two months, the estimated sample size of 36 participants
was not achieved. During the data collection, no withdrawals or exclusions of participants occurred.

All the intended data were collected for all participants with no missing values.
3.3 Participant’s demographics

12 participants (11 females, 1 male) with a median age of 24.5, an IQR of 6 and a range of 19-34
years old were recruited from the department of Clinical Speech and Language Studies of Trinity
College Dublin. Figures 3.1 and 3.2 represent the age and sex distributions. As noted, the sample is

clustered in age and sex. Indeed, only one male was recruited.

Figure 3.1: Age distribution

Frequency
N
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Figure 3.2: Sex distribution; n=12

3.4 Effects on acoustic measures

The acoustic analyses performed with Praat version 6.1.29 (Boersma & Weenink, 2020) using
standard settings obtained the acoustic parameters of mean fundamental frequency (Fo), mean
intensity, shimmer, jitter, NHR, CPP. Descriptive statistics for measures at baseline (V0), post VLT

(V1) and post steam inhalation (V2) are reported in Table 3.1.

Table 3.1: Descriptive statistics for acoustic measures; n=12

Variables Median IQR Min Max Range
Fo(Hz)

VO 235.35 37.686 127.71 260.11 132.40

V1 238.63 72.95 110.83 326.40 215.57

V2 238.17 53.37 120.56 314.18 193.62
Intensity (dB)

VO 75.62 5.570 70.42 80.98 10.56

V1 75.89 4.42 70.00 81.80 11.79

V2 76.50 4.42 68.23 81.24 13.01
Shimmer (%)

VO 2.27 1.212 1.11 8.58 7.46

V1 2.49 2.05 0.76 4.88 4.11

V2 2.41 1.93 1.30 4.22 2.92
Jitter (%)

VO 0.289 0.150 0.157 4.201 4.044

V1 0.353 0.243 0.117 0.869 0.752

V2 0.394 0.180 0.255 0.787 0.532
NHR

VO 0.006970 0.004966 0.002408 0.369028 0.366620

V1 0.006492 0.014958 0.001562 0.053686 0.052124

V2 0.008016 0.006286 0.004096 0.052784 0.048688
CcpP

VO 16.35 3.89 13.37 19.19 5.82

V1 16.89 4.47 12.88 19.47 6.59

V2 16.42 4.87 12.02 20.38 8.36
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Data analyses revealed the presence of two statistical outliers. Participant 7 differed for Fo,
shimmer, jitter, NHR. However, given that participant 7 was the only male in the data set, a sex-
related phenomenon was likely to be responsible for the different measures. Owing to the smaller
sample size, analyses could be easily affected by extreme values. For this reason, the inferential
statistical analyses of acoustic measures were performed both on whole group and female data
only. The results of both sets of data analysis agreed in terms of statistical significance. Therefore,
considering the outcome measures of participant 7 were a genuine reflection of male sex, his data
were included for analysis. Participant 4 was also a statistical outlier in terms of shimmer and NHR.
These were likely a true reflection of the variability of the physiological characteristics involved in
the study. In the absence of any rationale for exclusion, and since this participant’s data did not

adversely affect inferential statistical analysis, her data were also included.

Grouped boxplots were performed for each measure to visualise the distribution of variables across
the three groups. Since participant 7 was an outlier, his data were not displayed in the charts given
the high discrepancies compared to the female data. Grouped boxplots of Fo, shimmer, jitter, NHR

reported female data only.

For all the acoustic measures the high range and the high spread of data make it overall difficult to

assess the presence of trends in these variables across groups.

As noted in Figure 3.3 and Table 3.1, the median Fo remained constant throughout the groups. This
is consistent with the Friedman test that revealed no statistically significant difference between the
three groups (x*(2) = 0.500, p = .779, W = .021). Therefore, the null hypothesis was retained.

Additionally, a higher variability of Fpat V1 is visualised in Figures 3.3 and 3.4.

Figure 3.3: Fo grouped box-plot for female data
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Figure 3.4: Line chart showing the variation of Fy across groups for female data
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As noted in Figure 3.5 and similar to Fo, the median value of intensity remained constant throughout
the groups accordingly to the Friedman test that revealed no statistically significant difference (x*(2)

=3.167, p =.205, W =.132). Thus, the null hypothesis was retained.

Figure 3.5: Intensity grouped box-plot
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Concerning jitter and shimmer, both the parameters appeared to slightly increase over the three
groups. Nevertheless, the spread of data makes comparison hard (Figures 3.6, 3.7). Differences for
measures across groups were not statistically significant according to the Friedman test for jitter
(¥*(2) =1.167, p = .558, W =.049) or shimmer (x*(2) =0.667, p =.717, W = .028). The null hypotheses

were therefore retained.
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Figure 3.6: Jitter grouped box-plot for female data

Jitter

Figure 3.7: Shimmer grouped box-plot for female data

Shimmer

Overall trends for NHR and CPP over the three groups cannot be assessed given the higher IQR
(Figures 3.8, 3.10). This is consistent with the Friedman test that detected no statistically significant
differences between VO, V1, V2 either for NHR (x*(2) = 0.500, p = .779, W = .021) or CPP (x*(2) =
0.667, p = .717, W = .028). The statistical hypotheses were retained. Despite the lack of statistical
significance, data showed a higher IQR for NHR in V1 than in VO and V2 (Figures 3.8, 3.9).

39



Figure 3.8: NHR grouped box-plot for female data
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Figure 3.9: Line chart showing the variation of NHR across data points for female data

0.025000

0.020000

0.015000

NHR

0.010000

0.005000

0.000000

cPP

Vo

Vi V2

Vi

40



3.5 Effects on aerodynamic measures

Descriptive statistics for MPT at VO, V1 and V2 are reported in Table 3.2.

Table 3.2: Descriptive statistics for acoustic and aerodynamic voice measures; n=12

Variable Median IQR Min Max Range
MPT (s)
VO 15.62 3.38 10.32 19.41 9.09
V1 14.02 6.06 9.48 20.21 10.73
V2 14.29 4.29 11.55 22.63 11.08

Despite the wide range, the median value of MPT decreased from VO to V1 and did not increase to
baseline from V1 to V2 (Figure 3.11). Differences across groups were not statistically significant
according to the Friedman test (x*(2) = 4.167, p = .125, W = .174). Therefore, the null hypothesis

was retained.

Figure 3.11: MPT grouped box-plot
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3.6 Effects on self-perceived measures

3.6.1 VTDS

Descriptive statistics were performed for self-perceived measures. Figure 3.12 displays mean
severity ratings for the sensations of the VTDS across the three groups. Mean values were reported
instead of median values, since they better described data highlighting the presence of additional
sensations in V1. Indeed, at V1 after the VLT “hoarse” and “tension” were reported by participants
as additional sensations not captured by the assessment instrument. No additional sensations were
reported at VO or V2. Overall, the severity of sensations increased in V1 after VLT and decreased in

V2 after steam inhalation with a final severity rating equal or even lower than the baseline VO.
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Figure 3.12: Mean severity of the sensations of the VTDS for VO, V1 and V2
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Two additional variables were calculated for every participant:
e Total score: sum of the severity of all the sensations reported

e Total sensations: total number of sensations experienced

Descriptive statistics for these variables are displayed in Table 3.3.

Table 3.3: Descriptive statistics for the variables Total score and Total sensations; n=12

Variables Median IQR Min Max Range
Total score
VO 3.00 7 0 21 21
V1 15.50 11 4 38 34
V2 3.00 3 0 27 27
Total sensations
VO 2.50 3 0 8 8
Vi 6.50 3 4 8 4
V2 3.00 3 0 8 8

Data analysis for the total severity score reported the presence of three outliers. However, they
were a genuine reflection of participants’ performances and therefore were not treated as

statistical outliers (Figure 3.13).

Despite the variability between participants, the median values of total score increased in V1 after
VLT and decreased in V2 after steam inhalation reaching the baseline VO (Figure 3.13). These
differences were statistically significant according to the Friedman test (y*(2) = 17.911, p < .001, W
= .746). Therefore, the null hypothesis was rejected. Post hoc analyses were conducted applying
the Bonferroni correction (o = .017). The pairwise comparison performed with Wilcoxon Signed-
Rank Test detected a statistically significant increase in the overall perceived severity (total score)
in V1 after VLT compared to the baseline VO (Z=-2.936, p =.003). Moreover, there was a statistically
significant reduction of the total score in V2 after steam inhalation compared to V1 (Z=-3.063, p =
.002). Given the non-symmetrical shape of the distribution of the difference between V2 and VO
(Figure 3.14), the Sign test was performed revealing a non-significant difference between V2 and

VO (p = .754).
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Figure 3.13: Total score grouped box-plot
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Figure 3.14: Histogram of the difference of the variable Total score between V2 and VO
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Concerning the total number of sensations, the median value increased in V1 and decreased in V2
reaching the baseline VO (Figure 3.15). These differences were statistically significant according to
the Friedman test (y*(2) = 15.050, p =.001, W = .627) and the null hypothesis was rejected. Pairwise
comparisons performed with the Wilcoxon Signed-Rank Test detected a statistically significant
increase in the sensations reported in V1 compared to VO (Z = -2.858, p = .004) and a statistically
significant reduction in V2 compared to V1 (Z=-2.969, p = .003). Finally, a non- significant difference
was assessed between V0 and V2 (Z=-0.108, p = .914).
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Figure 3.15: Total sensations grouped box-plot
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3.6.2 Vocal fatigue and effort

Concerning the self-rated scales of fatigue and effort, analyses revealed the presence of outliers
although these were not considered as statistical outliers but instead as realistic extreme values.

Figure 3.16 displays the median severity of the self-rated scales.

Figure 3.16: Median severity of self-rated scales of Vocal fatigue and effort
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Analyses showed an equivalent trend to the previously reported self-perceived variables. The
median severity of the ordinal variables increased at V1 and declined to baseline values at V2
(Figure 3.16). The Friedman test revealed a statistically significant difference both for fatigue (x*(2)
= 19.447, p < .001, W = .810) and effort (y*(2) = 19.478, p < .001, W = .812). Therefore the null

hypotheses were rejected.

Regarding the fatigue scale, given the non-symmetrical shape of the distribution of the difference
between V1 and VO (Figure 3.17), the pairwise comparison with the Sign test was performed
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showing a statistically significant increase in fatigue in V1 after the VLT (p < .001). Further post hoc
analyses with Wilcoxon Signed-Rank Test detected a statistically significant reduction in the
perceived fatigue at V2 compared to V1 (Z = -3.089, p = .002) and non-statistically significant
difference between V2 and VO (Z=-1.811, p = .070).

Similarly, pairwise comparisons for the effort scale with the Wilcoxon Signed-Rank Test detected a
statistically significant increase in effort at V1 compared to VO (Z=-3.074, p = .002) and a statistically
significant reduction in V2 compared to V1 (Z = -3.070, p = .002). For the related groups V2-VO,
considering the non-symmetrical shape of the distribution of the difference (Figure 3.18), the Sign
test was performed revealing a non-statistically significant difference in the perceived effort

between V2 and VO (p = .344).

Figure 3.17: Histogram of the difference of the variable Vocal Fatigue between V1 and VO
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Figure 3.18: Histogram of the difference of the variable effort between V2 and VO
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3.7 Summary

In this chapter the results of data analyses were provided. These enabled to answer the three stated

research questions as followed:

Research question 1) Is there a difference in voice outcome measures between baseline

measures and post VLT measures in adults?

Significant effects following the designed VLT were detected for all the self-perceived variables but
not for acoustic or aerodynamic measures. A reduction of MPT after VLT was noted although it was

not statistically significant.

Research question 2) Is there a difference in voice outcome measures between pre and post

steam inhalation measures in adults?

Following the steam inhalation procedure significant effects were detected for self-perceived
measures when compared to post VLT measures. No significant differences were detected for

acoustic and aerodynamic measures.

Research question 3) Is there a difference in voice outcome measures between baseline

measures and post steam inhalation measures in adults?

Overall, no significant differences were assessed between the baseline and post steam inhalation

outcome measures.

The discussion and the interpretation of these findings are presented in the following chapter.
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Chapter 4 — Discussion

4.1 Introduction

The present study investigated the effects of a VLT and then steam inhalation on voice outcome
measures. The key findings answered the aims and the research questions. In this chapter, the main
results are discussed and an interpretation of findings in the context of existing literature is
provided for vocal fatigue and then steam inhalation. Lastly, the implications for clinical practice,

strengths, limitations and future research directions are discussed.

It is noted that the current results are only partially comparable to previous findings. Indeed, the
implementation of different VLTs and hydration procedures across studies often makes studies
difficult to compare (§1.2, §1.4). Results are also partially comparable due to other methodological
discrepancies like the implementation of different outcome measures or eligibility criteria for the

population.
4.2 Vocal fatigue and VLT

The first aim and research question of this project investigated the effectiveness of a 20-minute VLT
in inducing changes in voice outcome measures in adults. Overall, the VLT induced statistically
significant changes in the self-perceived measures with an increased number of sensations reported
on the VTDS, increased overall severity of sensations, and higher perceived vocal fatigue and effort
compared to baseline. Conversely, the acoustic measures were not significantly affected. A
reduction of MPT after VLT was noted, although not statistically significant. With reference to Fo
and NHR, the high range observed after the VLT compared to the other timepoints might suggest
an effect of the VLT on these outcome measures. However wider ranges might also simply reflect

intra-individual variations or be the effect of the test-retest reliability.

To explore vocal fatigue, a 20-minute VLT was designed combining the loading factors of high vocal
intensity (70-85 dB), a prosodic voice effect and an exaggerated forward head position. Results
suggested that the VLT successfully induced vocal tract discomfort, effort and fatigue with large
effect sizes (W > 0.5), according to Cohen’s interpretation guidelines (Cohen, 1988). Conversely the
VLT did not induce an aberrant voice quality considering that no statistically significant differences
were detected for acoustic and aerodynamic measures. The reduced statistical power, caused by
the small sample size, might have increased the likelihood of a type Il error for acoustic and
aerodynamic measures. Indeed a reduction of MPT after VLT was noted when observing the

descriptive statistics. Perhaps a bigger sample size and an increased statistical power could lead to
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a statistically significant difference. On the other hand, these results could be a genuine reflection
of a physiological phenomenon involved in voice production. Findings suggested that perhaps the

VLT might affect self-reported sensations first and potentially later affect acoustic measures.

Tables 4.1 and 4.2 show the acoustic and aerodynamic values obtained in this research and the
available normative values (Goy et al., 2013; Murton et al., 2020). Given the reduced sample size,
the median and the IQR were chosen as descriptive measures for the current data since they are
less sensitive to extreme values. It is observed that all the values throughout this project at VO, V1,
V2 remained close to threshold and normative values. When the median values provided in Table
4.1 are compared to normative values, these appear close to the mean with no standard scores
greater than two standard deviations from the mean. This comparison suggests that baseline values
at VO correctly described vocally healthy participants in accordance with the eligibility criteria of
this project. It also shows that the VLT did not induce an abnormal voice quality characterised by

acoustic and aerodynamic parameters within the dysphonic range.

Table 4.1: Comparison between the present female outcome measures of Fo, intensity, shimmer,
jitter, NHR, MPT and the female normative values provided by Goy et al. (2013)

Values obtained in this research Normative values (Goy et al., 2013)
n =11, Females (19-34 years old) Females (18-28 years old)
Variables Median IQR Mean (SD)
Fo(Hz)
VO 239.23 38.479
V1 239.42 62.86 251 (28)
V2 238.92 43.366
Intensity (dB)
VO 76.08 6.24
V1 76.33 5.19 74.7 (3.9)
V2 76.67 5.14
Shimmer (%)
VO 2.17 1.10
V1 2.16 1.95 2.36 (0.91)
V2 2.41 1.57
Jitter (%)
VO 0.289 0.148
V1 0.345 0.127 0.37 (0.25)
V2 0.386 0.156
NHR
VO 0.006514 0.004510
V1 0.005582 0.014096 0.007 (0.010)
V2 0.007787 0.005067
MPT (s)
VO 15.76 3.63
V1 14.17 6.67 15.1 (4.4)
V2 14.71 4.26
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Table 4.2: Comparison between the present outcome measure CPP and the threshold value
provided by Murton et al. (2020).

Values obtained in this research
12 Threshold value (Murton et al., 2020)
n=

Variables Median IQR
CPP

VO 16.35 3.89

V1 16.89 4.47 14.45

V2 16.42 4,87

Methodological issues have to be considered when interpreting findings. The nature of the VLT and
the data collection procedures could logically have affected results. Outcome measures were
collected immediately after the VLT, thus reducing maturation as a threat to internal validity and
the possibility that vocal rest might have reduced the observable effects of vocal fatigue. The use
of the uncompressed format for recordings increased the audio quality ensuring more reliable
acoustic analyses. Moreover, strategies to enhance the correct implementation of the VLT were
introduced. These involved the monitoring of participants over Zoom, the use of the Decibel X app
(SkyPaw Co. Ltd, 2020) to check for the loudness range (70-85 dB), instructional videos and a VLT
trial before the experimental phase. However, it was not possible to fully monitor participants for
the loudness and the forward head position because of the remote nature of the study. As such, it
could be that the vocal demand was lower than expected or at least that it was sufficient to have
affected self-perceived measures, but not tiring enough to induce changes in acoustic and
aerodynamic measures. Other factors like being generally healthy and younger as well as being SLTs
and perhaps more knowledgeable about voice use and used to using the voice for a long period of

time might also have made participants more fatigue resistant.

Acoustic measures tested in previous studies demonstrated varying sensitivity in detecting the
effects induced by VLT (Fujiki & Sivasankar, 2017). Concerning Fo the findings of this research aligns
with studies that did not detect significant changes following VLT (De Bodt et al., 1998; Gorham-
Rowan et al., 2016; Neils & Yairi, 1987) but differs from other studies that detected a significant
increase in Fo (Boominathan et al., 2010; Fujiki et al., 2017; Laukkanen et al., 2004; Remacle et al.,
2012; Stemple et al., 1995; Vilkman et al., 1999; Vintturi et al., 2001). However, the majority of VLTs
that induced significant changes in Fo lasted on average 2 hours (Fujiki & Sivasankar, 2017). Only
Fujiki et al. (2017) detected a significant increase in Fo after a 30-minute reading VLT with altered
voice quality. Considering the presence of other loading factors (high vocal intensity, prosodic voice

effect, forward head position), perhaps increasing the VLT from twenty to thirty minutes as in Fujiki
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et al. (2017) or forty-five minutes as in Laukkanen et al. (2004) may have induced observable
changes in the acoustic and aerodynamic measures. A longer duration was not originally adopted
since the goals involved developing an effective VLT as short as possible in duration and non-

traumatic to avoid participant burden.

Results concerning intensity (dB) are partially comparable with the previous studies due to the
different acoustic analyses performed. Indeed this study investigated the mean intensity (dB)
whereas other authors measured the intensity range, the lowest and the highest intensity. In line
with this study, Yiu and Chan (2003) did not detect significant changes in the mean, maximum and
minimum loudness of phonetograms following a minimum of 95 minutes of karaoke singing. Also
De Bodt et al. (1998) did not detect changes for habitual intensity and intensity range after 20-
minutes of loud reading. Conversely, the mean intensity of untrained subjects following 1-hour
reading significantly increased (Gelfer et al., 1991). Similarly, Remacle et al. (2012) observed a
statistically significant rise of the lowest intensity after two 2-hours sessions of oral reading whereas
the highest intensity remained unvaried. The implementation of different VLTs might be

responsible for the discrepancies between studies.

Concerning the perturbation measure jitter, the present results aligned with previous works that
did not detect changes in jitter following two 2-hours sessions of oral reading (Remacle et al., 2012),
nor 25 minutes of vowel production (Verstraete et al., 1993). Other authors detected modifications
with a decrease after 2 hours of loud reading (Stemple et al., 1995) or an increase after a maximum
of 1 hour of loud reading in both untrained speakers and trained singers (Boominathan et al., 2010;
Gelfer et al., 1991) as well as after a minimum of 95 minutes of karaoke singing (Yiu & Chan, 2003).
Regarding shimmer, findings aligned with previous studies that did not observe significant changes
following 25 minutes of vowel production (Verstraete et al., 1993) or 1 hour reading in trained
singers (Gelfer et al., 1991), whereas differ from researches that detected significant changes
following 2-hours reading (Remacle et al., 2012) and 1-hour reading (Boominathan et al., 2010).
Overall, the present findings matched the limited sensitivity of perturbation measures (jitter,
shimmer) to laryngeal changes occurred following VLTs suggested in the literature review of Fujiki

and Sivasankar (2017).

The lack of significant changes for NHR after VLT agreed with studies that implemented a 30-
minutes VLT (Buekers, 1998) and 3 repetitions of a loud vowel VLT (Gorham-Rowan et al., 2016).
Conversely, a significant increase in NHR values was detected by Boominathan et al. (2010)
following a maximum of 1 hour of loud reading. Perhaps the longer duration of the VLT could be

responsible for the discrepancy with the present findings.
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Lastly, no significant changes were detected for CPP in this study similarly to Gorham-Rowan et al.
(2016) that did not observe modifications in CPP on phonation at comfortable loudness after a VLT
of 30 sustained vowels. Conversely, Fujiki et al. (2017) detected a significant decrease of CPP on
soft phonation after a 30-minute reading VLT with altered voice quality. This difference could be

explained by the different task adopted to collect CPP (comfortable loudness or soft phonation).

Concerning aerodynamic measures, only a few studies previously investigated MPT while the
majority adopted PTP. The current findings are in line with studies that did not detect significant
changes in MPT after 2-hour reading VLT in females (Stemple et al., 1995) or males (Kelchner et al.,
2006). By contrast, a significant increase was detected by Remacle et al. (2012) following 2-hour
VLT. As suggested by the authors, an adaptation of the laryngeal system or a training effect
following 2-hour VLT could be responsible for this modification. Considering the documented higher
sensitivity of PTP for vocal fatigue (Fujiki & Sivasankar, 2017), including PTP as outcome measure
might have given further insights into the effects of VLT on aerodynamic measures. It was not
adopted due to the complexity of the procedure and the impracticability for remote data collection.
Conversely, one strength of this research is that it provided results concerning MPT which is an

easier and more commonly used aerodynamic measure in clinical practice.

With regard to self-reported measures, the significant increase detected in this study is consistent
with previous works that investigated the effects induced by several VLTs (Fujiki et al., 2017;
Gorham-Rowan et al., 2016; Kelchner et al., 2006; Laukkanen et al., 2004; Remacle et al., 2012;
Stemple et al., 1995; Whitling et al., 2015; Yiu & Chan, 2003). Nevertheless, researchers adopted a
variety of different instruments to assess the self-reported experience of participants. Unlike the
majority of the aforementioned studies, this research investigated the severity of several sensations
included in the VTDS (Mathieson et al., 2009) and allowed participants to include additional
features. The adopted methodology is more robust than previous works who used single-
dimensional analogue scales like for instance Gorham-Rowan et al. (2016) who collected subjective
ratings only of muscle soreness. However, a potentially poor internal consistency of the adopted
modified VTDS might have affected the validity of the research. Moreover, the validity could have
been threatened by a detection bias due to the lack of blinding of individuals to the study
procedures. For instance, participants might have expected a benefit from steam inhalation and

rated accordingly. Nevertheless, the blinding of individuals was unachievable in this study design.

Considering the theoretical framework of vocal fatigue provided by Solomon (2020), the overall
findings of this study are consistent with the hypotheses that high vocally demanding activities lead
to mental fatigue (self-perceived sensations of fatigue) and perhaps muscle fatigue. Conversely, the

mucosal fatigue that might affect acoustic and aerodynamic measures was not observed. However,
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as previously mentioned, this could be due to study limitations or perhaps be a genuine reflection

of vocal fatigue. Indeed the mucosal dimension might be affected by more intensive VLTs.

4.3 Steam inhalation

The second aim of this research was to investigate the effects of 10 minutes of steam inhalation in

adults and its potential effectiveness in restoring the adverse effects of a VLT.

In particular, the second research question asked whether there was a difference in voice outcome
measures between pre and post steam inhalation measures. With reference to acoustic and
aerodynamic measures, no differences were found. On the other hand, self-perceived measures
were significantly affected with a large effect size indicating that participants reported benefits
after 10 minutes of steam inhalation in terms of vocal tract discomfort (severity and number of

sensations reported), effort and vocal fatigue.

The third research question examined whether there was a difference in outcome measures
between baseline and post steam inhalation, thus investigating the effectiveness of rehydration in
restoring the adverse effects of VLT. Once more, acoustic and aerodynamic measures were not
significantly affected. These are not unexpected findings considering that these measures were not
statistically significantly affected by the VLT either. Concerning the self-perceived measures, no
differences were found. Considering that these measures were negatively affected by the VLT,
findings suggested that steam inhalation not only positively affected the reported discomforts,
effort and fatigue but even successfully restored these measures to baseline levels. Perhaps steam
inhalation could be an effective strategy to recover voice measures when these have deteriorated.
Nevertheless, because of a lack of a control group, vocal rest could have also been responsible for

the noted benefits. Further studies addressing this limitation are therefore encouraged.

The results obtained for hydration are partially comparable to previous findings. Since this study
investigated steam inhalation following a VLT, the findings are also dependent on the VLT. However,
only few studies explored the effects of surface hydration in conjunction with vocal fatigue (§1.5).
Moreover, studies varied for the equipment implemented. For instance, Borragan et al. (2021),
observed significant changes in voice parameters following nasal breathing through a damp gauze
in combination with vocal warm-up exercises. Needless to say, the methodology adopted was
highly different from this study. The current results are compared below with studies that
performed surface hydration. Nonetheless, the effectiveness of steam inhalation performed with a

common basin of boiling water and a towel to contain the steam had not yet been investigated.
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In the work of Mahalingam and Boominathan (2016), the acoustic parameters tested (jitter,
shimmer, NHR) significantly improved and restored to baseline levels after 3 minutes of steam
inhalation achieved with a facial steamer. The authors induced surface dehydration asking
participants to perform on average 10 minutes of mouth breathing before the steam inhalation
phase. Conversely, this research implemented a VLT with an attempt to increase the viscosity of
vocal folds inducing vocal fatigue. Therefore if the hydration tool implemented is similar to the
present study, the absence of the VLT make findings hardly comparable. By contrast, Vintturi et al.
(2001) did not observe significant effects when exposing participants to low versus high
environmental humidity during a 45-minute reading VLT. However, acoustic, aerodynamic or self-
perceived measures were not collected and participants were exposed to multiple conditions
(humidity levels, loudness levels, sitting versus standing posture). Additionally, systemic hydration
was not controlled at the baseline level which represents a confounding factor. In this research

individuals were asked to avoid hot showers, foods or drinks before the session.

Fujiki et al. (2017), investigated vocal fatigue and surface hydration with no significant results
concerning the effects of hydration on outcome measures (Fo, CPP, perceived phonatory effort,
perceived tiredness). Participants were exposed to low and high ambient humidity for 20 minutes
before performing a 30-minute VLT. These findings are in contrast with the present research that
detected significant effects for surface hydration on self-perceived ratings which, similarly to Fujiki
et al. (2017), were negatively affected by the 20-minute VLT. This difference might be due to the
different hydration tool and procedure. In this research, steam inhalation was performed after the
VLT and not before as in the mentioned study. Moreover, as suggested by the authors, the
moderate ambient humidity implemented was not sufficient to attenuate the effects of the VLT. In
this study, perhaps 10-minutes of steam inhalation induced higher levels of surface hydration. To
further maximise the effects of rehydration, participants were asked to inhale air through both the

oral and nasal cavity at 20-30 cm distance using a towel to contain the steam.

4.4 Implications for clinical practice

The present findings have the potential to influence clinical practice. Concerning the external
validity of the study, results are mainly generalisable to young females (19-36 years old). However,
the small sample size represents a threat to the validity of the study. Results are partially
generalisable to voice clients in particular to the ones that experience vocal fatigue and muscle
tension dysphonia characterised by vocal tract discomfort. Further research utilising this study’s

methods within the clinical population of subjects with dysphonia is needed.
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Concerning vocal fatigue, this study evinced that 20-minute VLT affected self-perceived measures.
These measures could be symptoms of vocal fatigue and might precede an abnormal voice quality
detected with traditional acoustic and aerodynamic measures. This research informs clinicians that
vocal tract discomfort sensations and altered levels of fatigue and effort could be precipitating signs

of dysphonia, even before acoustic correlates appear.

The current study also provides clinically relevant results concerning steam inhalation that was
implemented accordingly to the common clinical practice of clinicians. The vocal tract discomfort
and perceptions of effort and fatigue experienced post-VLT improved after 10-minutes of steam
inhalation. This hygienic voice therapy can be recommended to individuals who experience vocal
fatigue as a cool-down strategy to be performed after high intensive vocally demanding activities.
However, future studies including a control group will be needed to establish the superiority of this
strategy over simple voice rest. The clinical implications of this study are even higher considering
that steam inhalation was achieved with basins of boiling water and a towel, which are very
common tools and easily accessible differently from other surface hydration tools on the market.
The fact that the basins of boiling water were not standardised between participants, maximised
the ecological validity. Therefore 10-minutes of steam inhalation performed at 20-30 cm distance
could be an effective strategy to restore the self-reported sensations of vocal fatigue. This study
provides information concerning the effectiveness of steam inhalation which has been often based
on anecdotal reports and provides hydration schedules that often lack in clinical practice. These are

relevant for SLTs that will recommend rehydration (e.g. 10 minutes, 20-30 cm distance).

Finally, as a methodological consideration, the current research showed that a rigorous remote
approach for data collection can be a valid alternative to the traditional face to face approach during
the Covid-19 pandemic to ensure the safety of participants. Undoubtedly, it requires strict control
to reduce potential confounding factors nevertheless it has the key advantage that it enhances the

ecological validity since participants are observed in their natural context.

4.5 Strengths and limitations

The strengths of this research have been outlined throughout the previous chapters. The research
aimed to contribute to clinical practice and to the scientific debate surrounding vocal fatigue and
hydration. The close relation with clinical practice and the high ecological validity, represent
significant strengths. Other strengths involved a robust design and a rigorous control of the
experimental procedure adopted to minimised possible confounding factors. A carefully attention
to treatment fidelity was observed during the sessions with participants. Treatment fidelity is

defined as “the extent to which the intervention was delivered as planned” (Higgins et al., 2019, p.
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119). It is a core aspect of research methodology since it ensures that changes in outcomes are not
due to the implementation or measurement but changes are due to the intervention itself

(Cattaneo et al., 2021). Table 4.3 provides further details concerning the strength of this research.
Table 4.3: Strengths of the current research

Strengths

e Pre-sessioninstructions were designed to control for possible confounding factors (e.g. avoid
vocally harmful behaviours, avoid hot showers, avoid foods/drinks).

e Inclusion and exclusion criteria were carefully defined to control for possible confounding
factors as well as to avoid recruiting participants at potential risk of harm from VLT. For
instance, confounding variables were represented by medications, professional singers and
self-reported hearing loss. These were set as exclusion criteria.

e The VLT was carefully designed according to the literature combining different loading
factors (high vocal intensity, prosodic voice effect, exaggerated forward head position).

e The steam inhalation procedure was designed according to the literature and the common
practices of clinicians. The equipment needed for the steam inhalation procedure (basin,
towel to contain the steam) involved low-cost and easily accessible tools.

e The study procedures were rigorously defined to reduce the potential influence of the
researcher on outcome measures. The same procedures were conducted with all individuals.
The investigators followed a protocol and performed a training period to enhance the
consistency between the researchers.

e Strategies to enhance the correct implementation of the VLT and the steam inhalation
procedure were adopted:

- Instructional videos sent prior to the session

- Participants were monitored over zoom for the entire session

- VLT trial at the beginning of the session

- Use of Decibel X app (SkyPaw Co. Ltd, 2020) to monitor the loudness of participants
- Participants were systematically reminded to check their loudness.

e Consistent procedure for the remote recording of voice samples:

- Use of an uncompressed format (.wav format) for recordings to increase the audio
quality ensuring more reliable acoustic analyses.

- 4 cm distance from the smartphone to the mouth

- Use of a quiet room to reduce background noises.

e Multiple outcome measures were chosen according to the literature. Outcome measure
procedures were chosen as short, easily applicable and consistent for participants.

e QOutcome measures were collected immediately after VLT and the steam inhalation, reducing
maturation as a threat to internal validity.

e Theresearch investigated the severity of several sensations included in the VTDS (Mathieson
et al., 2009). Participants were also allowed to include additional features.

e A consistency of the equipment of the researcher was observed throughout data collection.

e OQOverall attention to treatment fidelity.

e High ecological validity:

- Giventhe online nature of the study, participants were observed in their natural context.
- The use of different types of basins increased the ecological validity of the study.
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Acknowledging that no research lacks weaknesses, the limitations of this research are reported and
discussed below. The major limitation consisted of the small sample size recruited. Due to time
constraints, only 12 participants were recruited although the sample size intended by power
analyses would have involved 36 subjects. Therefore the likelihood of a type Il error was increased.
The findings reported are preliminary and the data will be reanalysed after continuing to recruit
and having increased the sample size of the research. A balanced percentage of the recruited males
and females would have avoided a potential sex effect on vocal loading and hydration. This aspect

was considered performing double data analyses when appropriate.

Other limitations involved the pre-session procedure. In this study, women were not controlled for
the menstrual cycle. This is relevant since sex steroid hormones across the menstrual cycle alter
voice function and voice measures (e.g. Fo) and might influence the overall hydration status
representing a confounding factor (Giersch et al., 2020; L& & Polo, 2020; Pavela Banai, 2017).
Recruiting females during the follicular phase, where the levels of hormones are lower, would have
enabled controlling for the hormonal effects on the voice. Additionally, sessions were scheduled in
the morning and participants were asked to avoid foods/drinks and vocally abusive behaviours
before the experiment to minimise confounding for vocal fatigue and systemic hydration. The
hydration status could have been objectively measured through blood plasma concentrations or
bioelectrical impedance analysis (Kavouras, 2002; Ward, 2019). Nevertheless, it was not performed
due to the complexity of the procedure and requirements that the procedures be conducted

remotely due to the global pandemic.

Concerning the remote approach for data collection, which maximised the overall ecological
validity, it also threatens the rigour of the experimental procedure. The loudness level during the
VLT was controlled by asking participants to monitor themselves using the Decibel X app (SkyPaw
Co. Ltd, 2020). To increase the reliability of the procedure, the Pl reminded participants to check
their loudness at the end of every page during the VLT. However, the use of voice dosimeters or
the direct monitoring of loudness performed by the Pl using a SPL meter would have provided non-
invasive and more reliable strategies to ensure the appropriate vocal demand (Manfredi &
Dejonckere, 2016). The remote nature of the study indeed threatened the overall reliability of the
study. Participants were asked to use a quiet room for the session to reduce the presence of
background noises. Nonetheless, the use of an appropriate acoustical clinical space would have
increased the quality of recordings and the reliability of analyses (Bottalico et al., 2020).
Additionally, even if the same procedure was rigorously adopted with every participant, a variability

in the equipment existed because of the remote nature of the study.

Moreover, environmental humidity was not controlled and might constitute a confounding factor.

Opening windows to enhance equal humidity was considered and discarded due to the multiple
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geographical locations of participants. With a face to face procedure, the environmental humidity

could have been controlled with an hygrometer and with the consistent use of the same clinic room.

Concerning outcome measures, the inclusion of PTP as an aerodynamic measure would have
provided further insights into the effects of VLT and steam inhalation considering the higher

sensitivity of PTP observed in previous studies (§1.2.4, §1.4).

A risk of bias appraisal is conducted following the domains reported in the Cochrane Handbook for

Systematic Reviews of Interventions (Higgins et al., 2019) and reported below (Table 4.4)

Table 4.4: Risk of bias appraisal

Risk of bias Appraisal

The non-probability sampling strategy might have led to the exclusion of some
Selection

bi individuals. With a convenience sampling strategy, students of the Department
ias

of Clinical Speech and Language Studies of Trinity College Dublin were involved.

Performance = Only one group of participants was involved in this study. Systematic differences
bias between groups that would have led to a performance bias were not present.

The lack of blinding of participants potentially led to a detection bias with
reference to self-reported outcome measures. The lack of blinding of
investigators at VO, V1, V2 did not affect voice measures since only objective

Detection . .
bi measures (acoustic and aerodynamic parameters) were collected.
ias
Investigators followed a protocol delivering the same instructions and collecting
the same measures in the same sequence, thus minimising systematic
differences between participants.
,z?tr/t/on No withdrawals, exclusions of participants or missing data occurred.
ias
Reporting Results were reported accordingly with raw data and p-values for all the
bias adopted outcome measures.

4.6 Future research

Further research on the field should be focused on the clinical population of subjects with
dysphonia. Although VLTs are designed to replicate conditions similar to that of dysphonia, research
validity would improve if dysphonic individuals were recruited in the first instance. The laryngeal
system of subjects with dysphonia might be characterised by different vocal demand responses and
therefore different vocal effort and vocal fatigue. This recruitment of dysphonic individuals was not

considered for the present study but was unachievable due to the current global pandemic.

Furthermore, it would be interesting to compare the effects of vocal rest and different surface

hydration devices (e.g. common basin of boiling water, wet gauze, facial steamer). Perhaps an RCT
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study design with multiple groups or using one group longitudinally would allow researchers to

measure and compare the effects of different tools.

Lastly, further research should be focused on the different effects of euhydration versus
hyperhydration. High vocal demands increase the viscosity of vocal folds making them susceptible
to dehydration therefore the following rehydration procedure might act to restore the hydration
status to its appropriate baseline levels (euhydration). It would also be interesting to explore the
effects of hyperhydration. For instance, comparing different durations of hydration schedules (e.g.

5, 10, 20 minutes) could establish the magnitude of the effects of longer and shorter procedures.

4.7 Conclusion

The present research investigated the effectiveness of a 20-minutes VLT in inducing changes in
acoustic, aerodynamic and self-perceived voice measures in vocally healthy adults. It also aimed to
evaluate the effects of 10-minutes of steam inhalation and its potential effectiveness in restoring

the adverse effects of the VLT.

The current results demonstrated that the VLT designed for this research negatively affected self-
perceived measures (vocal tract discomfort, perceived effort and fatigue). Following 10-minutes of
steam inhalation performed with a basin of boiling water and a towel to contain the steam, ratings
significantly improved and restored to baseline levels. Conversely, either the VLT and the steam

inhalation did not affect voice quality, significantly altering acoustic and aerodynamic measures.

The present research suggests the relevant role of self-perceived measures in the characterisation
of vocal fatigue induced with a short VLT. This research informs clinicians regarding the
effectiveness of steam inhalation as a simple and low-cost tool to be recommended to enhance the

recovering of the self-perceived adverse effects of vocal fatigue.
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can ask for your data to be destroyed. If you request this, we will destroy all data that are still in our
possession. We will no longer use or share your data for research from this point onwards. However,
it will not be possible to destroy data already used in the production of published results.

Why will happen to me if | decide to take part? What will | need to do?

This study will take place online via Zoom, in the morning at a date of your convenience. Study
procedures will be completed in one sitting and will last approximately 1 hour.

A list of pre-session instructions will be sent via email to you before the experimental procedure.
These will include:

— Avoid vocally harmful behaviours (e.g. long periods of shouting, singing or projecting your
voice) in the 24h before the session

— Be up from bed for at least 1 h with minimal voice use since then

- Avoid hot shower or bath before the session

- Avoid foods or drinks before the session
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This is the essential equipment you will need to use during the session:

Laptop or computer with microphone available

Create a Zoom account ready to be used

Smartphone (charged)

Download the App “Voice Recorder” (j labs on Android or TapMedia Ltd on iOS) which is free
of charge. This will be used to record your voice in an uncompressed format (.wav) to ensure
the quality of audio.

Download the App “Decibel X” (SkyPaw Co. Ltd, 2020), which is free of charge and available for
iOS and Android. This will be used to monitor your loudness.

Ruler (30 cm) to measure distances

Basin and a towel for the steam inhalation

Water and kettle/pot to boil water available

The study procedure involves the following steps:

>

>

Step 1: The first step involves the baseline measurements. You will be asked to record with your
smartphone a prolonged “ahh” three times (4 cm distance from the microphone). Then you will
be asked to read a passage shared on the screen and then rate your throat sensations, effort
and fatigue on a scale.

Step 2: After that, a Vocal Loading Task will take place. This means you will be asked to read
loudly and with emphasis a portion of the book “The Chronicles of Narnia” for 20 minutes with
a forward head position. While you do this, you will have the app “Decibel X” (SkyPaw Co. Ltd,
2020) turned on. This will help you maintain a loudness range of 70-85 dB, which is needed for
the task.

Step 3: The researcher will ask you to repeat the same measurements conducted in step 1.
Step 4: You will be asked to do the steam inhalation. You will need to take a basin of boiling
water, put your head under a towel at 20-30 distance from the basin. Then you will be asked to
breathe at a natural pace through your mouth and nose for 10 minutes.

Step 5: Lastly, the same measurements of step 1 will be repeated

After the session, you will be asked to send us the voice recordings via email or to upload them in a

secure one drive folder. We will give you instructions on how to do this. Those recordings will be

analysed and perceptually judged by the principal investigators and the supervisor of the study to
evaluate the effects of the vocal loading task and steam inhalation on your voice.

If you agree to participate, you will be sent links to step-by-step instructional videos about the study

procedures.

Are there any benefits to taking part in this research

Taking part in this study will not directly benefit you. It will improve scientific awareness about the

effects of excessive voice use. Your data and information may help us to better understand the

effects of vocal loading and steam inhalation on voice. This research will help understand how

patients may be assessed and treated in the future.
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Are there any risks to me or others if | take part? What will happen if something goes wrong?

The vocal loading (loud reading) task is designed to stress your voice box, making you experience
vocal fatigue. You may feel a temporary strain or fatigue after participating, but this will usually
resolve by the next day. There are no long-term risks or consequences involved in this procedure.
You will be sent instructional videos in advance and we will do a trial before the session to ensure a
better understanding of the process to minimise the risk of anything going wrong.

After the session, you will be given a document with some vocal care advice. These will encourage
your voice box to relax, reducing potential strain.

If you have any concerns about your voice after the study, you are invited to contact the principal
investigators Monica Gerosa, MSc. Student — gerosam@tcd.ie; Blessy Reachal Sabu, MSc. Student —
sabub@tcd.ie or the supervisor Dr. Ciardn Kenny - ciaran.kenny@tcd.ie. They will arrange to follow
up with you to manage this if necessary. Any such follow up will be at no cost to you.

| Will | be told the results of any assessments performed as part of this study that relate to me?

Great care will be taken to ensure the confidentiality of all data and the risk to participants of a
breach of confidentiality is considered very low. You will not be provided with the results of this
research but at any point in time you have the right to ask to view your data. If so, you can contact
the principal investigators Monica Gerosa, MSc. Student — gerosam@tcd.ie; Blessy Reachal Sabu,
MSc. Student — sabub@tcd.ie. or the supervisor Dr. Ciardn Kenny - ciaran.kenny@tcd.ie. They will
arrange access to your assessment findings for you.

How will my data be used?

Data from this research project may be published in future in scientific journals. You will not be able
to be identified in any reports or publications. The original recording and all copies will be available
only to the investigators running this study and will not be shared with anybody else.

What information about me (personal data) will be used as part of this study?
Will my medical records be accessed?

During data collection, the following personal data will be obtained:
— Participant name for identification.

— Age and sex for the description of the sample of participants.

- Written consent for the legal basis for processing

— Audio recordings for analysing the voice measures
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Your consent form and any audio files collected from you will be stored in a password encrypted
file in a secure folder on Microsoft OneDrive, owned by Trinity College Dublin and managed by the
research supervisor. A password encrypted Excel spreadsheet will also be stored in this folder and
will match your name with a unique ID number. Your ID number will be used instead of your name

for research purposes to maintain your confidentiality.

All the personal data that we collect about you during the course of the research will be kept strictly
confidential and will only be accessible to the principal investigators and the supervisor of the study.
All of your personal data will be stored in Ireland. Trinity College Dublin will be the data controller
of the study.

Data that can identify you will be kept for 7 years. After this time period your data will be destroyed
by the supervisor of the study.

Will my personal data be kept confidential? How will my data be kept safe?

Your privacy is important to us. We take many steps to make sure that we protect your
confidentiality and keep your data safe. Here are some examples of how we do this:

Any information or data which is obtained during this research which identifies you will be treated
confidentially. All the data collected will be stored on the researcher’s laptop in an encrypted and
password protected file. The data will then be made anonymous so as to hide your identity. All
original files will be encrypted and transferred to a secure folder in the Trinity College Dublin
computer network. Any files containing identifiable information will then be deleted off the laptop,
so that only data coded with your unique ID number remains. All files will be accessible only by the
principal investigators and the supervisor of the study.

All individual researchers involved in this project have been trained in data protection laws and
are bound by professional code to maintain confidentiality.

| What is the lawful basis to use my personal data? |

A data protection impact assessment has been carried out indicating a low risk level.

[ What are my rights?

According to data protection legislation, we are required to inform you of the legal basis for using
your personal data. The tasks we are performing are on the basis of your explicit consent.

You are entitled to:

- The right to access to your data and receive a copy of it

- The right to have your data transferred to another organisation or ‘data controller’.

— The right to restrict or object to processing of your data

- The right to object to any further processing of the information we hold about you (except
where it is de-identified)

— The right to have inaccurate information about you corrected or deleted

- The right to request deletion of your data
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By law you can exercise these rights in relation to your personal data, unless the request would
make it impossible or very difficult to conduct the research. You can exercise these rights by
contacting the principal investigators Monica Gerosa, MSc. Student — gerosam@tcd.ie; Blessy
Reachal Sabu, MSc. Student — sabub@tcd.ie or the supervisor Dr. Ciaran Kenny -
ciaran.kenny@tcd.ie or the Trinity College Data Protection Officer, Secretary’s Office, Trinity College

Dublin, Dublin 2, Ireland. Email: dataprotection@tcd.ie Website: www.tcd.ie/privacy

Has this study been approved by a research ethics committee?

Yes, this study has been approved in full by the Research Ethics Committee of the School of
Linguistic, Speech & Communication Sciences, Trinity College Dublin on 19/02/2021.

| Who is organising and funding this study |

No funding was obtained for the study.

| Is there any payment for taking part? Will it cost me anything if | agree to take part? |

No, you will not be paid to participate in this study.

| Who should | contact for information or complaints? |

If you have any concerns or questions, you can contact:

e Principal Investigators: Monica Gerosa — gerosam@tcd.ie; Blessy Reachal Sabu —sabub@tcd.ie.

e Supervisor: Dr. Ciaran Kenny - ciaran.kenny@tcd.ie

e Data Protection Officer, Trinity College Dublin: Data Protection Officer, Secretary’s Office, Trinity
College Dublin, Dublin 2, Ireland. Email: dataprotection@tcd.ie Website: www.tcd.ie/privacy

Under GDPR, if you are not satisfied with how your data is being processed, you have the right
to lodge a complaint with the Office of the Data Protection Commission, 21 Fitzwilliam Square
South, Dublin 2, Ireland. Website: www.dataprotection.ie

Will | be contacted again?

If you would like to participate, you can contact us and we will provide you with the consent form.

You will be given a copy of this information leaflet and the signed Consent Form to keep. If you
consent, we will contact you to arrange a session for study procedure.

Thank you for taking the time to read this leaflet.
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Appendix IV — Data protection impact assessment approval

E S “\7 Trinity College Dublin
Colaiste na Trionéide, Baile Atha Cliath
The University of Dublin

15/02/2021

Study Title: The effects of Vocal loading and steam inhalation on voice measures in adults

Dear Monica

| have reviewed the Data Protection Impact Assessment (‘DPIA’) and supporting documentation
(Information Leaflet, Consent Form) in respect of this research study and am satisfied that the intended
processing of personal data for the purposes of the study as described therein is in compliance with data
protection legislation, specifically the EU General Data Protection Regulation 2016 (‘GDPR’), Data
Protection Acts 1988-2018 and Health Research Regulations 2018 and that the risk associated with
processing is LOW.

Please note that the completion of a DPIA is not a one-time exercise, but a continual process. If at any
stage there are changes to the processing envisaged by this assessment please contact me.

Be advised that the Trinity College Data Protection Office may carry out a review to assess if the
processing is being performed in accordance with the information provided.

| wish you the very best of luck with your research.
Sincerely,

Data Protection Officer

Secretary’s Office,
Trinity College Dublin,
Dublin 2, Ireland.
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Appendix V — Vocal hygiene recommendations

Trinity College Dublin
Colaiste na Trionéide, Baile Atha Cliath
The University of Dublin

Voice care advice

Thank you for taking part in this study.

After this session, you may experience a temporary vocal strain or fatigue that should disappear by the next

day. Below are some tips for taking care of your voice during the remainder of the day:

>

Y

YV VY

Avoid shouting, whispering or singing during the day which could cause you fatigue in your voice
further.

Drink plenty of water. Keep your water bottle near you. It will help remind you to drink water
during the day.

Avoid dusty and dry environments.

Avoid talking excessively and over background noises.

Avoid drinking alcohol and smoking for the remainder of the day.

If at all you start experiencing tiredness in your voice, take voice rest if possible and avoid speaking

for a while. It will allow your voice to recover.

If you have any concerns about your voice after the study procedures you are free to contact the

principal investigators or the supervisor. The contact details are provided below:

Principal Investigators:Monica Gerosa - gerosam@tcd.ie

Blessy Reachal Sabu - sabub@tcd.ie

Supervisor: Dr. Ciaran Kenny - ciaran.kenny@tcd.ie
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Appendix VI — Email to participants

Dear undergraduate and postgraduate students,

We are emailing you to invite you to participate in our research project. The topic of our research
is “The effects of vocal loading and steam inhalation of voice in adults”. It involves taking some
voice recordings, using your voice intensively to make it tired, then inhaling some steam to see if
this will relieve your throat. We are looking for individuals who:

e Are between the age of 18-60 years old

e Have no history of voice pathology, voice complaints and have done any voice therapy
e Are not professional singers

e Are non-smokers

e Have no known hearing loss

¢ Do not take medications on a regular basis (with the exception of the contraceptive pill)

Moreover, on the day of the procedures, the individuals should not have the complaints listed
below:

e Must have no respiratory problems (respiratory tract infection or asthma)
e Active allergic reaction at the time of data collection (e.g. hayfever)
e Flu at the time of data collection

The project will take place online and we will ask you to do a particular activity with your voice. If
you are interested in participating in our research, please read the attached Participant Information
Leaflet (PIL) to find out more about our project.

If you have any queries with respect to our project, you can contact any of the investigators for the
study and if you would like, we can arrange a video conference call to explain our research to you
in more detail.

Co-investigators: Monica Gerosa - gerosam@tcd.ie

Blessy Reachal Sabu - sabub@tcd.ie

Alternatively, you can contact our supervisor if needed,

Supervisor: Dr. Ciaran Kenny - ciaran.kenny@tcd.ie

Thank you for your time and we hope that you will be interested in participating in this study.

Best Regards,
Monica Gerosa & Blessy Reachal Sabu
MSc Students

Department of Clinical Speech and Language Studies
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Appendix VIl — Modified VTDS and rating scales of effort and fatigue
implemented on Qualtrics (SAP, Walldorf)

Participant Number

Qutcome measure phase:

V0 - Baseline measure

V1-Post VLT

V2 - Post Steam inhalation

Indicate the severity of the following sensations that you may feel in your throat

Mone Mild Moderate Extreme
0 2 4 6

-

Burning
Tight
Dry
Aching
Tickling
Sore

Irritable

OO0 0000 oO0o
OO0 000000
OO0 0000 O0
O 0000000 w
OO0 0000 O0
O 0000000 w
OO0 0000 O0o

Lump in the throat

If other, please specify (sensation, severity)

4
Please indicate your level of fatigue:
0 1 2 3 4 5 6 7 8 9 10
Fatigue
Please indicate your level of effort:
0 1 2 3 4 5 6 7 8 9 10

Effort
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