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THESIS SUMMARY
Introduction
Dysphonia is a potential long-term outcome of extreme prematurity and has been linked with
female gender, multiple intubations, extremely low birth weight, birth at <27 weeks gestation,
complicated intubation procedure and surgical ligation of patent ductus arteriosus (Chapter 2).
Dysphonia in extremely preterm children may be persistent (Chapter 3). The aforementioned
risk factors may also be experienced following very preterm birth, yet systematic investigations
of voice outcomes in very preterm children are lacking.
Aims
This thesis presents the prevalence of dysphonia in very preterm children aged between 6 and
12 years old in Western Australia, with reference to a term-born comparison group recruited
from the same community (Chapters 6 and 7). Demographic and medical data were abstracted
from medical charts to identify factors correlated with adverse voice outcomes at school age.
Perceptual and acoustic data from the clinical voice assessments were used to determine the
external validity of an index score of dysphonia severity, the Acoustic Voice Quality Index, in
childhood voice disorders. Laryngeal examinations were conducted on consenting children with
voice problems of at least moderate severity to document the nature and extent of any laryngeal
injury underlying disturbance to the vocal signal. Finally, a trial of behavioural voice therapy
was conducted, to determine whether non-invasive vocal exercises would have any effect on
voice quality in very preterm children.
Results
The prevalence of dysphonia in this very preterm cohort was 61.2%, a higher prevalence than in
the term-born reference group, at 30.5%. Perceptual judgements of voice quality were supported
by the use of an acoustic evaluation of disturbance to the vocal signal (Chapter 11). Laryngeal
examinations demonstrated that very preterm children present with laryngeal damage affecting
the structure and function of the larynx during phonation, of varying degrees of severity
(Chapter 8). The most common pathologies were incomplete glottic closure resulting from
posterior chink and vocal fold atrophy and immobility. Each child presented with tightening of
the supraglottic musculature during phonation, resulting in a strained vocal quality. Some
preterm children experienced acceptable improvements in voice quality following behavioural
intervention; however, most did not (Chapters 9 and 10).
Conclusions
Mild voice disorders, resulting from inefficient use of the vocal mechanism, are common in
childhood, as demonstrated by the prevalence identified in this term-born cohort. However, the
incidence of voice problems in very preterm children is higher than would be expected from
voice overuse alone. The element of strain present in the voices of very preterm children, is
hypothesised to be a maladaptive attempting to compensate for glottic incompetence. It is
further hypothesised that those children who experienced improvements in voice quality had
succeeded in reducing the supraglottic hyperfunctional component to their phonation. However,
resolution of voice to a perceptually normal quality was not achieved, in part because of the
likely persistence of structural laryngeal pathology. Implications of these findings in the context
of the wider literature are discussed. Clinical recommendations arising from these findings are
also presented (Chapter 12).
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Introduction and background
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Chapter 1

1.1 Executive summary
Dysphonia is defined as deviance in the sound quality of the voice produced during
speech. An individual’s voice is considered dysphonic when it differs perceptually from
norms associated with gender, age, stature and culture, or when it impedes the activities
of daily living.11 Dysphonia is recognised in the World Health Organisation’s
International Classification of Diseases: it may arise as a primary condition, or
secondary to disease, illness or structural abnormality, such as laryngeal carcinoma or
vocal fold paralysis.12
Children born very preterm are at high risk of long-term voice problems, as many are
treated with endotracheal intubation in the neonatal period. Endotracheal intubation has
been associated with laryngeal injury in neonates.13 It is hypothesised that there will be
a high prevalence of dysphonia among preterm children, with incidence decreasing with
increasing gestational age.
The presence and severity of dysphonia should be assessed in this population using a
thorough protocol consisting of acoustic, perceptual and quality of life measures
validated for use in paediatric voice disorders. Instrumental assessment is also required
to accurately diagnose laryngeal pathology and inform treatment. Data pertaining to the
variables relevant to medical care in the neonatal period should be investigated to
explore any relationships between medical care and adverse voice outcomes. Finally,
there is a need to investigate treatment efficacy to mitigate the effects of prematurity
and associated treatment on voice quality in the long term.
1.2 Introduction to paediatric voice disorders
Voice production requires efficient and timely coordination of several body systems.
Voice is produced when exhaled air passes through the larynx, yet respiratory patterns
for speech differ from those of non-speech tasks. Respiratory rate decreases, proportion
of total lung volume is greater than for respiration at rest, and duration of exhalation is
longer, suggesting that voice production is dependent on the nature of an individual’s
respiration behaviour and on efficient coordination between laryngeal functioning and
respiration.7
Production of aesthetically pleasing voice is dependent on the source (larynx), power
(lungs and lung capacity) and filter (the vocal tract, including the oral and nasal
19

Chapter 1

cavities).14 As air is exhaled from the lungs, the membranous portion of the vocal folds
adducts and creates turbulence in the airflow.15 The elastic recoil of the vocal fold
mucosa reacts to the alternating pressures in the glottis to produce sound, the quality of
which will alter depending on factors such as the mass and tension of the vocal
folds.15,16 The sound is filtered as it passes through the vocal tract and oral or nasal
cavity; the positions of the lips, tongue and jaw determine the pitch, amplitude,
resonance and physical characteristics of the sound signal.17 Voice quality will be
optimal when these structures are intact.
Aspects of vocal quality such as pitch, volume, and regularity in the sound signal are
produced via a complex combination of respiratory coordination and control of the
laryngeal structures.7 The cricoarytenoid muscle controls the superior and inferior
movement of the thyroid cartilage, altering the longitudinal tension of the vocal folds,
contributing to the perception of pitch.7 Expiratory volume contributes to vocal
loudness.7 A disruption to, or lack of coordination between, any of these processes can
result in decreased voice quality. Aetiology of dysphonia may be attributable to one or a
combination of causes: i). organic, resulting from structural anomalies in the respiratory
and phonatory systems attributable to a known disease, disorder or injury; ii). functional,
resulting from the way in which the structures are used and cared for by the voice user,
including vocal abuse and poor laryngeal hygiene; and iii). psychogenic, meaning the
absence of any identifiable physiological cause for the voice disorder, with individuals
having a normally-appearing larynx. 18,19 However, early changes in the structures of the
larynx can occur with dysfunctional voice production and hyperfunctional strategies to
initiate and sustain phonation occur when individuals attempt to produce a more
perceptually acceptable voice to compensate for structural abnormalities. 19 Thus,
aetiology of dysphonia can be complex.
1.3 Rationale for investigating paediatric dysphonia
1.3.1 Incidence of dysphonia across the life span
Calculating the incidence of paediatric voice disorders is problematic as estimates vary
widely. Earlier research proposed that the incidence is in the order of 6 – 9%20; whereas
more recent research has shown that up to 40% of children may be affected by
dysphonia at some stage of childhood. 18,21-23 Differing incidence figures may be partly
accounted for by definitions of dysphonia adopted by various studies: one study found
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“hoarseness” in 3.9% of preschool children, 24 while a 40% incidence figure was
established including children with very mild perceptual disturbances in breathiness,
roughness and resonance that may not be apparent to an untrained listener.21,24 One
study found an incidence of observable laryngeal lesion using the more objective
method of endoscopic evaluation of 30.3%.21,23The true incidence of dysphonia in
childhood continues to be debated. One reason for this increase may be the increased
identification of hyperfunctional voice disorder, which is the maladaptive use of the
structures used to initiate and sustain voicing, commonly seen in behaviours associated
with the use of a loud voice, such as shouting and yelling.25 Such behaviours are
increasingly recognised as normal in childhood, and while the majority of children do
not develop dysphonia, it can be seen that the higher figures reported in recent studies
are consistent with increased recognition of the factors surrounding childhood voice use.
26

The most common paediatric voice disorder is nodules, produced by hyperadduction of
the vocal folds and resultant microtrauma.22 Nodules are hypothesised to occur in 15 –
78% of children with chronic hoarseness. 22,27 Other common causes of dysphonia in
childhood also result from mucosal lesions and include epidermal cysts, with a reported
incidence of 15.47% of children with chronic hoarseness.28 Less common causes of
dysphonia include juvenile onset recurrent respiratory papillomatosis, glottic web and
vocal fold paralysis; each is indicated in less than 2% of children with dysphonia.28
Iatrogenic causes of dysphonia are also reported. Incidence figures prove difficult to
calculate due to the varying nature of the underlying medical conditions and the
treatments instituted.29 Adverse voice outcomes following surgical intervention such as
laryngotracheal reconstruction, as well as for resection of juvenile onset recurrent
respiratory papillomatosis, have been reported in small-scale studies, suggesting that
incidence figures are low.30,31
In adulthood, the lifetime prevalence of voice disorders is estimated to be 30%, however
just 7% report a current voice disorder.32 This comparatively low incidence, together
with clinical observation, has led to the hypothesis that nodules resolve with
maturation.18,33 However, recent studies have found that up to 24% of post-mutation
adolescents with a history of vocal nodules experience persistent dysphonia, with girls
less likely to experience resolution than boys.22,34 Further, whilst some adults develop
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dysphonia de novo in adulthood, some paediatric dysphonias persist over time unless
treatment is instituted. 22,34,35
1.3.2 Adult and paediatric dysphonia as separate entities
Differences in the mechanisms of voice production in adults and children mean that
each should be treated as separate clinical entities. Voice production is initiated when
the anterior edges of the vocal folds interact with expiratory airflow from the lungs in
both adults and children. 15 The mucosa of the vocal folds is elastic and vibrates in
response to pressure in the glottis, causing inferior-to-superior vibratory movement that
sustains phonation. 15 However, differences in anatomy and physiology in the
mechanisms of voice production exist and are summarised below.
Table 1 contains a summary of the physical differences between the adult and paediatric
phonatory systems. The differences between the size, shape and position of the
paediatric larynx compared to that of an adult is to allow simultaneous swallowing and
respiration in infancy, to facilitate coordination of the suck-swallow-breathe cycle.15
Several developmental processes are outlined, disruption of which may impair voice
production.
Histological differences between child and adult larynges are known to exist but are not
yet well understood.36 Research into the developmental processes of the mucosa of the
vocal folds continues, but there is consensus that the cellular structure of the laryngeal
mucosa begins to transform in infancy and continues into adolescence. The histology of
the mucosa in infancy is thought to protect infants from phonotrauma; such protection
exists to a lesser degree in adults, particularly females, amongst whom phonotrauma is
more prevalent.36 Hyaluronic acid is a glycosaminoglycan interstitial “filler” matrix
molecule, thought to provide a cushioning effect in tissue subject to microtrauma by
supporting collagen and elastin fibres: it offers protection from the high frequency vocal
fold vibration of infant cries.37
In terms of respiratory capacity and function, differences have been found in the
performance of children compared to adults.38 These data suggest that differences in
respiratory capacity and function between children and adults result in differences in
voice production.
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Table 1.1 Characteristics of adult and paediatric phonatory systems.
Position of larynx

Gross
anatomical

Composition of vocal folds

Cartilage

Composition of vocal fold
mucosa

Short; lengthens as larynx descends.42
Infancy
Single layer of diffuse cells immediately
deep to the epithelial layer of the vocal
folds.37,43

Hyaluronic acid concentration

Differentiation occurs throughout
childhood.36
High in membranous portion of vocal fold.37

Pharyngeal space
Fine
anatomical

Respiratory
subsystem

Paediatric
Infancy
C3-415
Two years
C539
Infancy
Membranous portion equal in length to
cartilaginous portion.
Growth of membrane during childhood40
Soft; yields easily to introduced structures.41

Maintenance of vocal
intensity
Proportion of respiratory vital
capacity used during speech

Four years
Required pulmonary pressure is double that
of an adult.38
Greater rib cage incursion.38
High; may relate to decreased ability to
regulate airflow through glottis during voice
production.38

Adult
Between C6-7.39
Membranous portion is twice the length of the
cartilaginous.7
More ossified than that in infants and
children.7
Elongated.
Thirteen years
Layers of elastin and collagen fibre
differentiated.43
Post-maturation
Well-differentiated, tri-layered lamina propria
deep to the epithelium established.44
Present in intermediate and deep layers of
lamina propria, in lower concentration than in
infants.45,46
Similar pulmonary pressure observed in ten
year-olds and adults.15
Lower than children.38
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Perceptual differences exist between adult and child voices. Decreases to the
fundamental frequency of voice are associated with physical changes to the larynx
which occur between infancy, childhood and adolescence.41 Further, acoustic analysis
of adult and child voices has shown that children have higher jitter8 and shimmer 8
values, meaning there is greater irregularity in vocal fold vibration in normophonic
children’s voices than in adults.47 Analysis of nonlinear parameters of the acoustic voice
signal supports the theory that children’s voices are less stable than those of adults.48
Children also produce a lower harmonics-to-noise ratio, indicating more turbulent air
leakage through the vocal folds during phonation, leading to the perception of
breathiness.44 The pitch range of children’s voices is narrower than that of adults; the
differences in histological structure of child and adult vocal folds are hypothesised to
influence pitch control.43
These data suggest that the acoustic properties of adult and child voices differ
significantly and supports the hypothesis that they are two separate, yet related, clinical
entities. The area of paediatric voice is now regarded as a clinical sub-speciality as clear
differences exist between voice production in children and adults.
1.4 Nature of disturbances in voice quality
Voice quality can be disrupted in a number of ways: disturbance in voice timbre,
resonance variations, pitch changes and loudness difficulties.15,18,19 Voice timbre, or
quality, refers to the aesthetics of the sound of the voice.25 Primary disruptions are:
roughness, breathiness, aesthenicity and strain.3 Resonance variations refer to
inappropriate partitioning of the oral and nasal cavities during speech, by the function of
the soft palate or structural abnormalities.18 Pitch variations occur as a symptom of
disturbance in voice timbre, where a decrease in the fundamental frequency during
speech results from decreased oscillation frequency of the vocal folds due to a lesion
such as vocal fold nodules, polyps or scar tissue.18,19 However, pitch variations occur as
a stand-alone dysphonia, related to mutation, where high pitch is maintained throughout
and beyond puberty in males.18 Loudness problems may be behavioural in origin and
refer to an individual’s routine use of inappropriately loud or soft volume during
speaking.25
For accurate diagnosis and treatment, an understanding of the cause and extent of
dysphonia is essential. Thus, the nature and aetiology must be considered, considering
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the high incidence of dysphonia in childhood, the possibility for untreated paediatric
dysphonia to persist into adulthood, and the adverse effects on the quality of life of
affected individuals.
1.5 Consequences of dysphonia on quality of life
Dysphonia adversely impacts the quality of life of those affected, including their
participation in social, academic and employment activities.49,50 Both adults and
children with dysphonia report negative emotional experiences, such as anger, sadness
and frustration at their voices, as well as physical symptoms such as pain and running
out of air while speaking. 35,50 There is a significant cost to the community associated
with diagnosis and treatment. 51 Based on patient report, voice disorders have been
found to impose more limitations on social, physical and emotional functioning than
angina pectoris, sciatica and chronic sinusitis.52
Early investigations of societal attitudes towards adults with dysphonia demonstrated
that listeners made adverse judgements about appearance and personality based on
voices with disordered timbre and resonance.53,54 More recent research has focussed on
children, and demonstrated that children with dysphonia demonstrate insight into their
voice disorder from a young age. 35 Younger children focus primarily on physical
symptoms, while adolescents describe limitations in activities requiring vocal
participation. 35,55 Both children and parents report emotional difficulties associated
with dysphonia, including frustration, anger and sadness, with child reports of
emotional difficulties increasing in adolescence. 35 Additionally, lay adults were also
found to make adverse judgements about personality characteristics of children with
disordered voices, suggesting that negative societal attitudes to people with dysphonia
are also relevant to affected children.54 A recent study into attitudes of teachers towards
adolescent females with voice disorders confirmed these findings, suggesting significant
potential for dysphonia to impact on academic success for affected children.56 A further
study of the attitudes of teachers and university students towards Cantonese-speaking
children with voice difficulties showed that negative evaluations based on deviant voice
quality also occur in non-Anglophonic cultures.57 Speech-language pathology students
have also compared personality traits of children with dysphonia more negatively than
those with normal voices, suggesting that prejudices against children with voice
disorders are pervasive, even amongst health professionals.57 Therefore, due to the
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potential adverse effects of dysphonia on quality of life during childhood, paediatric
dysphonia is worthy of clinical and research attention.
1.6 Consequences of dysphonia on employment capacity
Approximately one-third of occupations in the developed world require professional use
of the voice: that is, a clear and reliable voice quality is required to effectively discharge
employment duties.58 Some, unskilled occupations, such as telephony and sales, may be
suitable for individuals with longstanding voice difficulties as their contact with
listeners is short-term and transient. From a listener perspective, an individual with
dysphonia in such an occupation may present similarly to an individual with voice
disturbance resulting from an active upper respiratory tract infection. However,
occupations requiring more learned and prolonged interaction with listeners should be
considered differently. The cognitive demands of analysing and interpreting the speech
of an individual with dysphonia are such as to detract from a listener’s linguistic
processing capacities.59 Therefore, occupations in the fields of health, medicine and
education may not be suitable for individuals with dysphonia due to the potential for
adverse impact on a listener’s health and education.
Due to the potential for untreated childhood voice difficulties to persist into adulthood,
children with dysphonia may experience limitations on their employability. This may
increase the burden of disease to the community, in terms of income and social support.
Therefore, childhood voice disorders should also be considered in the context of future
negative economic impact at an individual, workforce and societal level.
1.7 Risk factors associated with the development of voice disorders in children
In population studies, specific groups of children have been found to be more at risk of
voice disorders, including those with: one older sibling, conductive hearing loss and/or
frequent upper respiratory tract infections. 20 Production of excessive secretions, leading
to frequent throat-clearing and coughing, and use of inhaled cortico-steroids are also
hypothesised to increase an individual’s risk, although there is no data supporting these
hypotheses in children to date.20
Intelligible speech production requires appropriate lung capacity for adequate breath
support. Respiratory support is essential for pitch and volume control.7 Decreased
respiratory capacity and control have been associated with loss of pitch, intonation and
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volume, or decreased variability in any of these factors.7 Therefore, children with lung
disease may be at risk of developing dysphonia, from this, as well as other causes.
However, there are no relevant publications in the literature.
Traumatic injury to the larynx in childhood is rare, reported in 0.5% to 1% of paediatric
trauma hospital admissions.60-62 Blunt force or penetrating injuries from external
sources can affect airway and voice outcomes, and reported to be increasing in
incidence.60-62 In these cases, dysphonia can result from the primary injury, surgical
airway management or both.61,63 Laryngeal trauma can also result from iatrogenic
causes, most commonly through ventilation practices and particularly from the use of
endotracheal intubation.29,63
1.7.1 The nature and extent of intubation injuries to the larynx in infancy
Several factors predispose the infant and child larynx to intubation injury relative to
adults, which include the anatomy and physiology of the developing larynx, the nature
of the intubation and the properties of the tracheal tubes used. Cartilage in the infant
larynx is softer and more susceptible to damage from introduced structures.64 There are
differences in the shape of the laryngeal space, where infants have a funnel-shaped
opening which predisposes injury to the cricothyroid membrane during intubation. 29
The narrowest lumen in children younger than eight years begins at the level of the
vocal cords and extends to the sub-vocal cord level (c.f. the vocal cord opening in
adults), which predisposes mucosal changes to the cricoid space if the tracheal tube
touches the lumen and exerts pressure on the mucosa. 29,65 The reported success rate of
44% of attempts at intubation of neonates suggests that there is a degree of difficulty
associated with the procedure.66 Further, mucosal injury sustained in infancy may
disrupt the differentiation of the layers of the lamina propria, which commences after
the first month of life. This may permanently alter the composition of the vocal folds, as
the tissue differentiation occurs in the context of wound healing.
The incidence of children requiring long-term endotracheal intubation and tracheostomy
has increased since the practice became widespread in the 1960s.18,67 The introduction
of a tracheal tube inevitably results in trauma to the vocal folds, including lesions to the
mucosal epithelium and granulation.18 Less severe lesions, including oedema and minor
ulceration may be reversible on extubation, but severe, long-term damage has been
documented.29,64,68 In addition, airway suction is associated with laryngeal injury.69
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Children with a history of intubation should be considered at high risk of dysphonia, as
severe injuries to the airway have been reported in up to 47% of survivors on
extubation.70-72
Mechanical ventilation is initiated to relieve immediate or impending respiratory
distress at any time across the lifespan.73,74 Ventilation may be invasive or non-invasive;
non-invasive ventilation does not require placement of an endotracheal tube.74 Invasive
procedures have been associated with greater and more permanent laryngeal sequelae.73
The nature of ventilation required is determined by factors such as patient premorbid
health, requirement for emergency intubation, the nature of respiratory distress (e.g.,
airway obstruction or pulmonary dysfunction) and institutional practices.75,76
Intubation injuries to the larynx have been documented across demographics, and a
particularly high rate of injury has been reported in infants compared to adults. 64,75,77-80
In general, mild changes to the larynx, in particular oedema and early mucosal change,
have been found to resolve within three days to three weeks following extubation in
adults. 75,81 However, long-term changes have also been documented.81 Deep ulceration
is a precursor to permanent, laryngeal injury.64 Traumatic injury to the infant larynx,
such as tracheal rupture, avulsion of the vocal folds and cricoarytenoid fixation and
subluxation, has also been documented.69,82,83
Cuffed tracheal tubes have been routinely used in adults, however, controversy persists
regarding their suitability for use in children and as such they are never used for routine
neonatal management.84,85 Generally, there is consensus that they should be used for
short periods only (e.g., in surgical procedures of a short duration) or when an airway
seal is necessary to measure metabolic function perioperatively (e.g., in some cardiac
surgery).85-87 Whilst the use of appropriately-sized cuffs is the primary predictive factor
in avoiding post-extubation laryngeal sequelae with the use of cuffed tubes,88
calculations of cuff size prior to the administration of anaesthetic may result in
overestimation, particularly in infants where the margin of error is smaller than in adults.
29,88

Use of inappropriately-sized endotracheal tubes is associated with increased likelihood
of intubation injury.29,64,89 The smallest lumen possible for effective ventilation
represents a high body weight: tube size ratio in very low birth weight infants. This is
inevitable for preservation of life. Regardless of tube size or placement, the pressure of
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the tube will inevitably exceed the pressure of capillary flow in the mucosa at some
point along its insertion and lead to mucosal changes, only some of which will be
reversible.64 Movement of the tracheal tube in situ may also lead to damage.81 Preterm
infants have been shown to exhibit movement-based stress cues in response to pain
stimuli.90 Infant restlessness and agitation has been associated with unplanned
extubation events.91 Additionally, oral placement is preferable to nasal placement due to
the risk of nasal deformities.92 Yet the orotracheal tube is less secure and is more mobile
in situ,93 thus it can be seen that decisions regarding appropriate ventilation in children
born very preterm are complex.
Severity and permanence of intubation injury has been associated with duration of
intubation, traumatic intubation and frequency of reintubation.64,69,75,77,82 Reintubation is
preferred over surgical intervention in cases of extubation failure as it results in less
severe laryngeal injury.71 However, intervention in cases of extubation failure will
inevitably result in further laryngeal injury, and severity of laryngeal injury prior to
extubation increases the likelihood of extubation failure.71 Where intubation is initiated
to relieve acute respiratory distress in infancy and childhood, these factors may never be
completely obviated, and it can be seen that there is a complex, multifactorial
relationship between intubation and laryngeal injury.
It may be possible to limit laryngeal injury in older infants through the use of noninvasive ventilation, however, injury to the lungs can occur.73 Dysphonia can result
from decreased respiratory capacity or control in the absence of laryngeal injury. Injury
to the lungs may be structural, such as overdistention following high tidal volume
ventilation or atelectasis following low tidal volume ventilation.94 Histological changes
such as damage to the epithelial cells of the alveoli also occur following volutrauma.94
Therefore, children who require non-invasive ventilator support may also be at risk of
long-term dysphonia, and a link between bronchopulmonary dysplasia and limitations
on voice-related quality of life has been reported, although there is no extant research
investigating functional voice outcomes in such children.95
1.8 Particular circumstances of very preterm children
The gestational age range of 230 to 256 is considered to be the “grey zone” of survival,
with the greatest uncertainty about the likelihood of mortality or significant morbidity.96
However, the likelihood of surviving extremely preterm birth is increasing97,98 and will
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result in greater numbers of survivors actively participating in society.97 This number
can be expected to grow in proportion to population growth and commensurate with
advances in medical technology, therefore, the susceptibility of children born extremely
preterm to voice disorders should be investigated.
1.8.1 Congenital and medical issues
There are a number of congenital and medical factors that predispose respiratory and
laryngeal damage in extremely preterm infants and increase the risk of dysphonia.
1.8.1.1 Ventilation
Mechanical ventilation is necessary to preserve life in the perinatal period for many
children born very preterm, as they are at high risk of developing respiratory distress
syndrome.73,74 It is estimated that 60% of children born at 28 weeks gestation are
affected, decreasing to less than 5% of children born at 34 weeks.86
Use of non-invasive ventilation reduces iatrogenic damage to the airway and lungs.
Short-term continuous positive airway pressure ventilation (CPAP) is used in infants
who are more medically stable and thus the demonstrated association with decreased
risk of respiratory failure and death is due to a combination of ventilation practices and
medical stability of the infants.73 Trials of CPAP in the perinatal period, prior to the
introduction of endotracheal intubation, have shown decreased incidence of
bronchopulmonary dysplasia (BPD); 74 therefore, where neonates have good respiratory
drive, CPAP is generally preferred, but this is not the case for earliest or sickest
neonates who may require intubation for several weeks. 86,98 Long-term use of CPAP
has been linked with increased risk of pneumothorax and damage to the external
nares.73,74 Additionally, early extubation to nCPAP is less successful in extremely
preterm infants, leading to multiple intubations in the first month of life.99 Some very
low birth weight infants continue to experience respiratory distress or failure with
CPAP. Therefore, invasive ventilation techniques such as endotracheal intubation are
often necessary in the perinatal period following extreme preterm birth to preserve life,
and this is often performed under emergency conditions. 86,100 Thus, the use of certain
ventilation practices is unavoidable.
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1.8.1.2 Gastrooesophageal reflux
Children born extremely preterm receive parenteral or enteral nutrition as the ability to
suck, swallow and coordinate these actions does not develop until later gestational ages,
preventing oral feeding.101,102 The presence of a nasogastric tube to deliver enteral
nutrition alters the pressure in the oesophagus and predisposes the reflux of gastric
contents via a relaxed lower oesophageal sphincter.103 In addition, preterm infants have
higher incidence of gastrooesophageal reflux than their term-born counterparts
generally, due to increased frequency of episodic relaxation of the lower oesophageal
sphincter, resulting from gastric immaturity.103-105 Gastrooesphageal reflux is associated
with exacerbations to intubation injury due to aspiration of refluxate, with affected
individuals more likely to experience longer-term damage.64
1.8.1.3 Persistence of patent ductus arteriosus
Persistence of patent ductus arteriosus (PDA) is a common feature following extremely
preterm birth.106 Incidence of PDA increases with decreasing gestation and birth
weight.107 The ductus arteriosus is patent in utero and forms a mechanism via which
blood gases are exchanged in the absence of external respiration. At or shortly after
birth, the ductus arteriosus closes due to the commencement of pulmonary
respiration.108 Haemodynamic flow through the duct after birth is associated with
pulmonary complications, and closure is desirable.106 Both surgical and medical closure
of clinically significant PDA can be considered, however, due to higher fatality rates
associated with surgical ligation, pharmacological therapy is preferred as a first
resort.109 Surgical ligation of patent ductus arterosus has been associated with injury to
the left recurrent laryngeal nerve, which innervates the vocal folds (see below).110
Adults with left unilateral vocal cord paralysis (LVCP) following PDA ligation surgery
report voice symptoms, specifically hoarseness, as a primary concern.111 However,
research into long-term outcomes is limited to one study that did not assess the voice
quality of adults with pharmacologically-treated PDA. Thus, it is possible that the
presence of the PDA or the shunting of blood through the duct may also exert pressure
on the left recurrent laryngeal nerve.111
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1.8.2 Laryngeal pathology following very preterm birth
1.8.2.1 Mucosal injury
There is a demonstrated association between duration of intubation and depth of
mucosal injury in very low birthweight infants, where injuries were confined to the
posterior glottis and the portion of the subglottis inferior to the arytenoid cartilage.112 Of
the 44 laryngeal specimens examined, all demonstrated a degree of mucosal injury and
27 were from infants born very preterm. However, the authors did not comment on any
association between gestational age and severity of injury.112 Superficial mucosal injury
was observed after as little as ten minutes of intubation in this population.112 Mucosal
bridge (a.k.a, laryngeal web) has also been reported as part of a case series.113
1.8.2.2 Subglottic cysts
Subglottic cysts are thought to result from scarring and blockage of subglottic mucous
glands associated with neonatal intubation.114 Subglottic cysts were considered rare, but
have been increasingly reported in children born extremely preterm.114 The occurrence
is reported to be 7.2% of extremely preterm infants requiring prolonged intubation.115,116
Early case study reports described hoarse infant cries as a symptom of subglottic cysts,
some of which were recurrent.116 Subglottic cysts have been found in infants born at 28
weeks gestation who were intubated for as little as 24 hours.116 Subglottic cysts may
also cause stridor or obstruct the airway.115
1.8.2.3 Acquired subglottic stenosis
Acquired subglottic stenosis (SGS) develops when fibrous tissue proliferates in the
wound-healing process following removal of a tracheal tube, and can arise weeks or
months following extubation.117 Acquired SGS has been reported to arise in up to 10%
of preterm infants who undergo prolonged intubation.117 Factors related to intubation
that increase the risk of SGS include length of intubation, frequency of reintubation,
tube movement, tube size and respiratory tract infection during intubation.93,118-120
Case study reports have also associated persistent dysphonia beyond infancy in children
born extremely preterm with grade III and IV SGS requiring laryngotracheal
reconstruction.13 It is unclear whether the dysphonia was related to the stenosis or the
reconstruction or both, as it is not possible reliably determine the presence of dysphonia
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from pre-surgery voice samples from young infants who require reconstruction.
However, the source of the dysphonia may not be relevant for diagnosis or intervention;
the presence of acquired SGS is indicative of risk of later voice difficulties.
1.8.2.4 Cricoarytenoid joint injury
Cricoarytenoid joint (CAJ) fixation and subluxation has been attributed to childhood
dysphonia in a case study report.13 This hypothesis is supported by a post-mortem study
demonstrating changes in the CAJ space in the larynges of children born extremely
preterm who underwent endotracheal intubation, where seven of the 15 samples were
found to have changes in the CAJ.82 One post-mortem case study of preterm twins
found that the CAJ space was infiltrated initially by granulation tissue, and by fibrous
matter as healing occurred.121 Whilst post-mortem studies provide important
information about laryngeal pathology, the sample may be biased toward children who
could not survive and may overestimate the incidence and severity of pathology in
surviving children. Nonetheless, there is a clear relationship between neonatal
intubation, CAJ pathology and childhood dysphonia.
1.8.2.5 Vocal cord injury and denervation
Surgical intervention in the neonatal period is an acquired cause of vocal fold
paralysis.122 Surgical ligation of PDA has been associated with LVCP resulting from
damage to the left recurrent laryngeal nerve, which extends to below the aortic arch and
recurs to the level of the vocal folds.110 Whilst the procedure is generally considered a
last resort treatment option for those infants who fail to respond to pharmacological
therapy, such failure is associated with lower birth weight and gestational age.123 Infants
with lower birth weights and born at earlier gestations are also more likely to present
with LVCP following the procedure.110,124 Surgical technique has not been found to
correlate with the incidence of LVCP.125
Pressure necrosis has been reported to result in injuries to the vocal folds such as
posterior glottic furrow, which is associated with severely disrupted voice quality.113,126
1.9 Dysphonia in children born very preterm: current evidence
As described above, injury to the larynx and lungs have been documented following
prolonged intubation and preterm birth. Yet there has been little research to date
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investigating voice outcomes.64,127 Case reports have associated dysphonia to neonatal
intubation in children born very or extremely preterm. Three studies have reported on
voice outcomes, in infancy, at school age and in a specific sub-population in adulthood.
The lack of currently available empirical research leads to difficulties predicting,
identifying and remediating dysphonia in these children in clinical settings. Further, it
appears that dysphonia in preterm children is persistent. A case series is presented in
manuscript form in Chapter 3.
Only four published studies have investigated voice outcomes beyond the neonatal
period in those born preterm: three of those focussed on extreme prematurity and a
detailed discussion can be found in Chapter 4.
The fourth study, by Walz and colleagues, was published after the manuscript which
forms Chapter 4, and focussed on adverse effects of voice on quality of life in preterm
children.128 Duration of intubation greater than four weeks was associated with poorer
voice-related quality of life. However, the use of parent-proxy quality of life measures,
in preference to child-report measures and in the absence of any clinical assessment of
voice quality, results in questionable generalisability of results. Whilst, in term-born
populations parent report has been found to correlate highly with disturbance in voice
quality identified on clinical assessment, this has not been the case in preterm
children.129 It is hypothesised that parents may consider dysphonia to be of relatively
little concern, in comparison to the medical adversity encountered by their children at
the time of their preterm birth, which may lead to inadvertent, underreporting of the
effects of voice on quality of life. Therefore, clinical voice assessment is essential in the
study of prematurity and dysphonia.
Dysphonia is a newly-recognised, potential long-term outcome of extremely preterm
birth. Yet, the number of relevant, large-scale studies to establish this is small.
Dysphonia is known to occur in infancy and school-age, to persist into adulthood and
have adverse effects on quality of life. Adverse voice outcomes have been associated
with surgical ligation of PDA, and factors associated with endotracheal intubation,
although to date there is no replication of any of these findings. The link between
respiratory health and voice outcomes has yet to be investigated. There is a need to
investigate the long-term voice outcomes in children born extremely preterm, and the
association between voice outcomes and any variables surrounding treatment in the
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neonatal period, as such data may inform treatment practices and contribute to the
development of models of care.
1.10 Concluding remarks
The adverse effects of persistent dysphonia on social, employment, educational and
quality of life outcomes are well documented. The negative impact of chronic disease is
also well-documented and it is essential that every effort is made to change the longterm health outcomes of preterm children. A large body of research has focussed on
long-term medical, behavioural, neurological and developmental outcomes for preterm
children: it can be concluded that optimising quality of life and health outcomes is an
essential aspect of research and medical care. As there has been little attention to
dysphonia as a potential consequence of prematurity to date, it is essential that the
incidence, prevalence, nature of the disorder and influencing factors be documented.
Additionally, a trial of voice therapy in preterm children who present with dysphonia at
school age is required to determine responsiveness to behavioural treatment. The
limited evidence available suggests that dysphonia in preterm children does not
spontaneously resolve. It is imperative that treatment options are evaluated for efficacy
and incorporated into follow-up programmes. Children born very preterm are routinely
referred to ophthalmology and respiratory medicine specialists, as the effects of
prematurity and associated medical intervention on pulmonary and eye health are well
established. As dysphonia is hypothesised to be a frequent occurrence for children born
preterm, referral to otorhinolaryngologists and speech pathologists for management of
voice may also be routinely required.
This thesis is submitted as a series of chapters, five of which have been published in
peer-reviewed journals, being Chapters 2, 3, 6, 8 and 9. Chapter 2 arises from the
literature review required under this candidature. Chapter 3 reports the longitudinal
voice outcomes of a small subset of extremely preterm participants and lends further
weight to the rationale for investigating voice outcomes of preterm children as their
persistence was demonstrated in this cohort. Chapter 6 describes the study protocol,
incorporating each of the three Phases of this study. Chapter 8 reports on the outcomes
of the second, laryngeal examination phase of this study. Chapter 9 describes the
outcomes of two of the participants in the Phrase three intervention trial. Another,
reporting on the prevalence of dysphonia identified in Phase one of this study, has been
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submitted for publication and is currently under review (Chapter 7) and a further two
manuscripts under preparation (Chapters 10 and 11). Chapter 10 reports on the
outcomes of the randomised, controlled trial in Phase three of this study. Chapter 11
reports on the use of perceptual and acoustic clinical assessment results from Phase one
of this study to determine the external validity of the voice assessment measure, the
AVQI, in childhood voice disorders. The introduction (this Chapter), study rationale,
aims and hypotheses (Chapter 4), literature review of methods of assessment and
intervention in paediatric dysphonia (Chapter 5) and general discussion (Chapter 12)
have been prepared and presented as linking chapters.
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2.1 Abstract
Introduction
Intubation is a known risk factor for dysphonia yet is essential in the perinatal care of
many preterm infants. Children born preterm, who are frequently resuscitated with
endotracheal intubation, may be at risk of dysphonia at school age and beyond.
Objective
To identify and describe the evidence pertaining to long-term voice outcomes and risk
factors for developing dysphonia in preterm children.
Results
In addition to case studies and series, three larger-scale studies have reported on
dysphonia and voice outcomes in preterm children. Studies reporting treatment
outcomes were not available. Factors associated with poor voice outcomes included
female gender, birth weight <1000g, birth at <27 weeks gestation, surgical closure of
patent ductus arteriosus, emergency versus elective intubations and multiple intubations.
Adverse voice outcomes were associated with laryngeal pathology and compensatory
supraglottic compression.
Conclusions
Dysphonia is a newly-reported, long-term complication of preterm birth, yet the number
of relevant studies remains limited. Further research is required to confirm the risk
factors for developing dysphonia, which will inform future voice treatment studies.
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2.2 Introduction
A voice is considered dysphonic when it differs perceptually from norms associated
with gender, age, stature and culture, or when it impedes the activities of daily living.7
Dysphonia may arise as a primary condition, or secondary to disease, illness or
structural laryngeal abnormality.7 Aetiology of dysphonia may be: i). organic, resulting
from structural anomalies in the respiratory and phonatory systems attributable to a
known disease, disorder or injury; ii). functional, resulting from the way in which the
structures are used and cared for by the voice user; or iii). psychogenic, meaning the
absence of any identifiable physiological cause for the voice disorder, with individuals
having a normally-appearing larynx. 19 However, such causes are not exclusive and
likely to be comorbid and complex. For example, early changes in the structures of the
larynx can occur with dysfunctional voice production, while hyperfunctional strategies
to initiate and sustain phonation occur when individuals attempt to produce a more
perceptually acceptable voice to compensate for structural abnormalities. 19 Iatrogenic
causes of dysphonia, such as from endotracheal intubation, are also reported but
incidence figures prove difficult to calculate due to the varying nature of the underlying
medical conditions and the treatments instituted.29
The true incidence of dysphonia in school-aged children continues to be debated. An
incidence of observable laryngeal abnormality of 30.3%, using objective endoscopic
evaluation, has been reported in children aged 7 to 16 years, with a greater number of
male children affected.23 Using more subjective perceptual evaluation methods,
incidence of up to 38% has been found in children aged 6 to 10 years, with slightly
more girls affected than boys.21
Children with dysphonia demonstrate insight into their voice disorder from a young age.
35

Affected children report anger, sadness and frustration with their voices, in addition

to physical symptoms such as pain and running out of air while speaking. 35,50 Reports
of emotional difficulties increase in adolescence, as do complaints of limitations in
activities requiring vocal participation.35 Listeners, including children, adolescents,
teachers and speech-language pathology students, make adverse judgements about
children with dysphonia. 56,57 These judgements extend to non-voice related personality
traits, suggesting that societal prejudices against children with dysphonia are pervasive.
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Thus childhood dysphonia may significantly impact on social, academic and,
consequently, employment outcomes.
Invasive ventilation procedures have been associated with serious and permanent
laryngeal sequelae in preterm children.64 Six studies have identified dysphonia as a
symptom of laryngeal pathology following intubation in preterm
children.13,69,71,115,126,130 Avulsion, scarring, oedema and lesions of the vocal folds have
been described.69,71,126 Injury to the cricoarytenoid joint, such as subluxation or fixation,
resulted in decreased vocal cord movement.126 Dysphonia has also been identified as a
symptom of acquired airway pathology, including subglottic stenosis and subglottic
cysts.13,69,115,130 Surgical management of such pathology may also result in dysphonia.13
Surgical ligation of patent ductus arteriosus (PDA) in infancy has been associated with
left vocal cord paralysis (LVCP) resulting from accidental resection of the left recurrent
laryngeal nerve, which may cause dysphonia.110
One study reported a case of an adolescent female using supraglottic phonation as a
compensatory voicing strategy secondary to ablation and scarring of the left
aryepiglottic fold and vocal cord.69 Thus, the possibility that adverse voice outcomes
may be associated with maladaptive, hyperfunctional voicing behaviours must also be
considered. Other causal factors may exist, but the majority of laryngeal injury reported
in the literature to date is the result of intubation.
While there was inconsistency of assessment methodologies between studies, the
reports lend further support to the hypothesised link between laryngeal pathology and
adverse voice outcomes. Preterm children with a history of intubation should therefore
be considered at high risk of dysphonia, as injuries to the airway have been reported in
up to 61% of survivors on extubation.71
Whilst there is evidence regarding laryngeal injury following intubation in preterm
children, the translation of this to functional voice outcomes is less clear. This review
summarises the literature pertaining to dysphonia in preterm children: incidence and
risk factors are discussed, and questions for future research proposed.
2.3 Results
Three large-scale observational studies reporting on the incidence of dysphonia in
preterm children were identified.111,129,131 There were no studies reporting treatment or
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therapy outcomes. The three studies report on cohorts of extremely preterm children.
The literature does not yet extend to voice outcomes in very (28 - <32weeks gestation)
or moderate-to-late (32 - <37 weeks gestation) preterm children. A summary of findings
can be seen in Table 2.1.
Table 2.1. Summary of voice outcomes in extremely preterm children.
Study
details
Garten
et al.
(2011)131

Sample
size
645

Inclusion
criteria
Birth
weights
<1,500g
(GA not
reported),
NICU
admission
dates
January
1998 –
May 2006

Exclusion
criteria
Nil

Dysphonia
Incidence
6.6%

Røksund
et al.
(2010)111

13

≤28 weeks
GA OR
≤1000g
birth
weight
1982 –
1985
birthdates

Comorbidities

54%

French
et al.
(2013)129

67

<25 weeks
GA
1996 –
2004
birthdates

Known
disability
likely to
preclude
participation
in
assessment
tasks

58%
(moderate
to severe)

Assessment
methodology
Retrospective
review of
electronic and
hardcopy
charts.
Children
identified were
assessed by a
speech
pathologist
using an inhouse
categorisation:
all were
diagnosed with
dysphonia.
No specific
comment as to
inter-rater
reliability
Self-report of
voice
difficulties,
informal
assessment of
vocal weakness
or hoarseness.
No reliability
assessment.
Prospective
clinical
assessment:
perceptual
evaluation
(GRBAS) and
quality of life
questionnaire
(pVHI).
Intra- and interrater reliability
was moderate.

Risk factors
Birth weight
< 1000g
History of
endotracheal
intubation
Gestational
age
<28weeks
Complicated
intubations

Surgical
ligation of
PDA
Lower birth
weight
Longer
periods of
ventilation
and oxygen
treatment
Female
gender
>5 episodes
of reintubation
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2.4 Discussion
2.4.1 Risk factors
Dysphonia was found to be associated with extreme prematurity, extremely low birth
weight and emergency intubation procedures. There was a strong association with
gender and frequency of re-intubation.
While the Røksund et al. study111 was limited to a sub-section of the extremely preterm
population, the Garten et al.131 and French et al.129 studies had access to the entire cohort
of neonatal intensive care unit (NICU) discharges in the respective study centres, so
selection bias is unlikely. Common factors associated with dysphonia across those
studies were birth at <27 weeks gestation, birth weight <1,000g and intubation. The risk
factor of number of re-intubations identified by French and colleagues was not similarly
found by Garten et al., yet the median number of intubations was higher in the infants
with dysphonia than in the case controls in the latter paper. The variable found in the
Garten et al. study, complicated procedure, was not replicated in the French et al. study
due to incomplete documentation, suggesting that the quality of clinical documentation
may be a potential limiting factor in risk identification. It is clear that intubation is a
major contributing factor to voice outcomes in preterm children, but further
investigation of intubation variables in this population is required.
One unique finding was the association between female gender and increased risk of
dysphonia at school age by French et al. This is the first such finding reported in the
literature and the study authors were not able to offer an explanation for this. Childhood
voice disorders are more common in males than females in term-born populations, with
most cases attributable to voice overuse.23 However, the underlying cause of dysphonia
in the extremely preterm cohort appears to differ from that in term-borns. One possible
explanation is hormonal differences affecting laryngeal anatomy. In addition, females
may more readily adopt compensatory, supraglottic tightening when producing voice,
resulting in a strained vocal quality. This finding of susceptibility of females requires
further investigation.
Dysphonia was identified in greater than half of extremely preterm individuals
undergoing surgical ligation of PDA in the study by Røksund. Dysphonia was also
reported in that study in individuals with a clinically significant PDA who did not
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undergo ligation, suggesting an as-yet unexplained potential link between the presence
of PDA and voice problems.
2.4.2

Mechanisms of aetiology of dysphonia in preterm infants

Mechanisms of aetiology of dysphonia in preterm infants are difficult to discern from
the research conducted to date (Table 2.2). The strong association with intubation
factors may be due to movement of the tracheal tube in situ or unplanned extubation due
to infant restlessness and agitation leading to structural damage.81,91
Røksund et al. highlight the role of surgical ligation of PDA in the development of
dysphonia. Surgical ligation of PDA is often performed when attempts at
pharmacological closure are unsuccessful, yet other factors associated with persistence
of PDA, such as the development of pulmonary disease, may also influence voice
outcomes. A quarter of participants in that study who did not undergo surgical ligation
complained of voice symptoms, and the French study found a high incidence of
dysphonia, but a low rate of surgical treatment of persistent PDA (4 out of 154
cases).Thus it appears that the procedure itself is not the only factor relevant to voice
abnormalities, and voice outcomes of infants with a clinically significant PDA should
be investigated.
None of the studies investigated hyperfunctional voicing behaviour as a possible cause
or contributor to the development of dysphonia. Hyperfunctional strategies may be
present in such a population to compensate for structural abnormalities, exacerbating the
original condition.
Hyperfunctional voicing behaviour consisting of supraglottic constriction can only be
reliably detected on fibreoptic endoscopic evaluation of the larynx. This procedure was
performed in one study to assess the status of the left vocal cord, and as such no
assessment of vocal hyperfunction was reported.111 This review suggests that further
research which includes visualisation of the larynx to better elucidate the mechanisms
underlying dysphonia in preterm children is warranted.
2.4.3

Challenges of voice assessment

The incidence of dysphonia identified by clinical assessment of voice is higher than that
identified by retrospective chart review. The studies utilising clinical voice assessment
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yielded similar incidence figures, suggesting that this is a more reliable method of
diagnosing voice disorders and may be preferable in future studies.
There is no consensus regarding an appropriate clinical assessment approach in
childhood dysphonia. Expert consensus guidelines recommend assessment in three key
areas of voice: perceptual evaluation of voice quality, acoustic analysis of the properties
of the voice signal and a quality-of-life assessment.132 Acoustic analysis is essential in
the evaluation of voice quality, as acoustic assessments are unbiased and more sensitive
to change than perceptual instruments, but is rarely reported in the paediatric literature.
Each of the three studies used differing methodologies for perceptual assessment of
voice quality, ranging from a subjective comment to a standard assessment tool. No
study reported any objective acoustic measures. Two studies reported on quality-of-life
outcomes, with dysphonia severity being associated with greater impact on affected
individuals’ quality of life. Controversy regarding a standardised assessment battery for
dysphonia may persist, but future studies should include all three types of assessment to
completely describe the nature and extent of dysphonia and its effects on preterm
children. Further, in children with dysphonia, laryngoscopic assessment of voice
production is desirable, to identify the precise mechanisms underlying the vocal
dysfunction.
2.4.4

Future research directions

The following factors have been found to be associated with dysphonia in preterm
children: low birth weight, extreme preterm birth, gender, frequency of re-intubation,
complicated episodes of intubation and surgical ligation of PDA. The main foci of the
three studies were demographic and iatrogenic variables. None of the studies
investigated co-morbid medical conditions associated with prematurity, such as cerebral
palsy which is known to affect speech and voice. One study reported the correlation
between respiratory variables and left vocal cord paralysis, with positive findings,
suggesting a potential link between respiratory health and dysphonia which should be
further explored.
All the participants in the reviewed studies were born extremely premature; yet the risk
factors identified are not limited to extremely preterm infants. The possibility that other
preterm, or term, children with a similar history, may develop dysphonia cannot be
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excluded. Further, all participants were intubated. The incidence of dysphonia in
preterm children without a history of intubation should be explored.
Whilst some extremely preterm infants present with dysphonia following extubation,
the protective effect of hyaluronic acid in infant vocal folds, and its role in tissue
regeneration following phonotrauma, may mask laryngeal damage that may not fully
declare until the layers of the vocal fold lamina propria begin to differentiate.37
Dysphonia in infancy is not necessarily predictive of dysphonia at school age as
individuals can develop dysphonia with increased language load at the time of
emergence of speech or to compensate for underlying laryngeal injury – neither of
which will be apparent in infancy. If follow-up is delayed to adulthood, additional costs
incurred contacting patients may be incurred and the opportunity for early intervention
lost. Children at risk of dysphonia related to birth and/or medical intervention in
infancy may benefit from assessment at school age.
No systematic studies reporting on treatment of dysphonia in the preterm population
were identified. Investigation of how to ameliorate the effects of dysphonia on the
quality of life of affected children is necessary.
2.5 Conclusion
Dysphonia is a newly-reported, potential long-term outcome of preterm birth associated
with female gender, extreme prematurity, extremely low birth weight, emergency
intubation, frequency of re-intubation and surgical ligation of PDA. Further research
into voice outcomes of preterm children is warranted, due to the small number of
published studies. Long-term voice follow-up could be offered to those children at risk
if efficacious management of dysphonia in this population becomes available.
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3.1 Abstract
Introduction
Dysphonia is a potential long-term complication of preterm birth. Childhood voice
disorders caused by vocal hyperfunction resolve with pubertal changes to the vocal
mechanism in many cases. In extremely preterm children, whose voice quality is
affected by supraglottic hyperfunction adapted secondary to underlying structural
laryngeal pathology sustained during neonatal intubation, the prognosis is unknown.
Methods
A pilot study was conducted to assess the incidence and severity of dysphonia in
children born at <25 weeks gestation. Ten individuals, aged between 9.67 and 17.08
years, presented for repeat assessment in a replication and extension of the original
study. The primary outcome measure was the severity score on the Consensus AuditoryPerceptual Evaluation of Voice (CAPE-V), with the Acoustic Voice Quality Index score
as the secondary outcome measure. Scores on the Pediatric Voice Handicap Index were
also compared. The mean period between assessments was 2.85 SD 0.38 years.
Results
Perceptual dysphonia severity scores were significantly lower on repeat assessment, but
no differences were observed in objective or quality of life scores. Individual variation
was observed: the difference in CAPE-V scores ranged from -36 to +1. No participant
presented with normal voice quality on repeat assessment.
Discussion
Analysis of group data masked individual variability in this cohort. Mechanisms
underlying such individual variation are currently unknown. These data suggest that
dysphonia is persistent in extremely preterm children.
Conclusion
Further investigation is warranted to elucidate the progression of voice disorders in
extremely preterm children, to inform prognostic predictors and treatment decisions.
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3.2 Introduction
Dysphonia is a potential complication of preterm birth (Chapter 2).133 Dysphonia in
preterm children has been associated with female gender, greater than five occasions of
intubation, extreme prematurity, extremely low birth weight, emergency or complicated
intubation procedure and surgical ligation of patent ductus arteriosus.111,129,131
Significant, long-term voice abnormalities have been reported in up to 58% of
extremely preterm children.129
Childhood voice disorders warrant clinical and research attention. The most common
cause of dysphonia in children, vocal nodules, arises from hyperfunctional use of the
laryngeal musculature, is amenable to behavioural voice therapy and resolves with
completion of puberty in many cases.22,134 However, childhood dysphonia may persist
into the adult years.
Listeners, both lay and professional, make adverse judgements about children with
dysphonia on seemingly unrelated traits, such as intelligence and personality
characteristics.54,56 Dysphonia may present a barrier to academic success and impede the
ability to form relationships with peers.135,136 Dysphonia in adulthood limits
participation in employment activities and adversely impacts on general health
status.58,137 Thus it can be seen that the negative effects of voice disturbance persisting
from childhood may be experienced across the lifespan.
Dysphonia following preterm birth has been reported from infancy to
adulthood.111,129,131 Disturbances to voice quality result from a combination of
structural laryngeal pathology and compensatory hyperfunctional use of the vocal
mechanism and may be persistent (Chapter 8).69,126,129,138 Major structural laryngeal
pathology sustained during neonatal intubation is unlikely to self-resolve.126 However,
hyperfunctional voicing behaviour may fluctuate over time, due to factors such as
speaking task, maturation of neuromuscular control of the respiratory system and onset
of puberty.22,38 It is unclear whether dysphonia severity in extremely preterm children
changes over time, given the interplay between persistent laryngeal pathology and
hyperfunctional voice use. Longitudinal studies are required to better inform individual
prognoses yet are currently lacking in the literature.
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This short communication reports the voice quality in a cohort of extremely preterm
children who underwent repeat clinical assessment a minimum of two years after
participating in a pilot study into the incidence of voice problems in children born at
<25 weeks gestation.
3.3 Methods
The methodology of this study has been published elsewhere (Chapter 6).139 A
description of the method specific to these data is presented below.
Participants recruited for the pilot study who presented with moderate to severe
dysphonia secondary to neonatal intubation were invited to participate in further
assessment of voice quality.129 The aims of a second study were to: identify the
incidence of dysphonia in children born at ≤32 weeks gestation (Phase I); document the
laryngeal pathology of very preterm children with significant voice abnormalities
observed during videostroboscopic examination (Phase II) and trial a behavioural voice
intervention (Phase III). Forty-one participants from the pilot study met the criteria for
inclusion in this study. Four male and six female participants consented to laryngeal
examination and repeat voice assessment. Participants were aged between 9.67 and
17.08 years at repeat assessment. The mean duration between assessments was 2.85 SD
0.38 years. No participant received voice intervention in the intervening period. Thus,
we took the opportunity to examine any longitudinal changes which occurred in the
intervening period. We report the outcomes of those individuals who participated in the
pilot study, and who underwent further clinical voice assessment concurrently with the
videostroboscopy assessments in Phase II of the larger trial. The results of Phases II and
III will be published separately (Chapters 8 and 10).138
Clinical assessment of voice quality consisted of:


the Consensus Auditory Perceptual Evaluation of Voice (CAPE-V), a perceptual
voice assessment where a normal voice is scored as 0 (no voice disturbance),
mild dysphonia as 10, moderate dysphonia as 50 and a severe disruption in voice
quality as 90. 4;



the Acoustic Voice Quality Index (AVQI), an objective assessment of dysphonia
severity that has been validated for use in children, with an index score of >3.46
representing a dysphonic voice2,140; and
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the Pediatric Voice Handicap Index (pVHI), where normative data demonstrates
that children without dysphonia report a mean score of 2, and a higher score
represents a higher adverse impact of dysphonia on daily activities.9

All assessments were conducted in a clinic room with an ambient noise level of <50dB.
Perceptual assessments were conducted online by two speech pathologists with
postgraduate experience in the assessment and treatment of paediatric voice disorders.
To evaluate reliability of the data, the voice samples were de-identified and re-rated by
the initial raters. Inter- and intra-rater reliability was calculated using intra-class
correlation co-efficients (ICC) (SPSS Inc., Chicago, IL) and weighted kappa
(VassarStats, Poughkeepsie, NY). The average ICC between raters for the CAPE-V
severity score was .648 (95% CI .360-.806), with a weighed kappa of .36, indicating a
fair level of agreement between raters. The de-identified samples were also re-rated by
the first author. The average ICC within raters was .752 (95%CI .590-.856), with a
weighted kappa of .56, indicating a moderate to good level of intrarater agreement.
These results indicate that the CAPE-V score was a reliable measure of dysphonia
severity in this cohort.
3.4 Results
To determine whether self-selection biased the data, voice, demographic and medical
characteristics of participating and non-participating children were compared. Data is
presented in Table 3.1. Duration of intubation was significantly lower in nonparticipating than participating children, yet no differences were observed in initial
dysphonia severity.
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Table 3.1. Characteristics of participating versus non-participating extremely preterm
children
Characteristic

Participating

Non-participating

M (SD)

M (SD)

(n=10)
23.70 (.48)
602.00 (75.62)
6.70 (2.31)

(n=31)
23.55 (.62)
631.77 (77.62)
5.68 (2.12)

p value

GA (weeks)
BW (grams)
.295
Number of
.202
intubations
Duration of
56.70 (19.21)
43.48 (16.73)
.043
intubation (days)
Maximum tube size
2.95 (.28)
2.81 (.33)
.229
Maximum tube size
4.64 (.97)
4.29 (.55)
.160
to body weight ratio
CAPE-V severity
60.00 (17.10)
58.06 (16.17)
.747
score
AVQI
5.44 (1.03)
5.61 (1.17)
.687
pVHI total score
35.50 (16.63)
32.48 (22.24)
.696
GA = gestational age, BW = birth weight, CAPE-V = Consensus Auditory-Perceptual
Evaluation of Voice, AVQI = Acoustic Voice Quality Index, pVHI = Pediatric Voice
Handicap Index.
Because of the ordinal nature of the data, we investigated non-parametric comparisons.
However, normality of data distribution was investigated for each independent variable
via the Shapiro-Wilks statistic and inspection of histograms, box plots and Q-Q plots
and the data were found to be approximately normally distributed, with skewness and
kurtosis statistics confirming that normality assumptions were not violated in this data
set. Therefore, parametric tests were used to compare scores on the CAPE-V, AVQI and
pVHI at initial and repeat assessment, to facilitate assessment of the clinical
significance of the data.
Perceptual dysphonia severity on repeat assessment (60.00 SD 17.10) was significantly
lower than initial assessment (72.20 SD 14.75) when measured on the CAPE-V, t (9) =
3.539, p = .006. However, there was no significant difference in acoustic assessment
scores on the AVQI between initial (5.45 SD 1.03) and repeat (5.57 SD 1.54)
assessment, t(9) = -.358, p=.729. Effects of voice on quality of life were also equivalent
at initial (35.50 SD 16.64) and repeat assessment (38.80 SD 16.94), t(9)=-.935, p = .374.
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Data is presented in Table 3.2 to demonstrate the individual variation observed in this
cohort.
Table 3.2. Dysphonia severity in extremely preterm children at initial and repeat
assessment
Case

Sex

Age at
Assessment

CAPE-V
pVHI Score AVQI Score
Severity
Score
1
F
7.0
9.67
90
74
62
65
5.49 6.16
2
M
7.0
9.67
50
30
31
19
4.32 4.32
3
F
10.82 13.25
70
50
57
57
4.69 6.85
4
M
10.67 13.82
50
50
30
37
5.06 5.21
5
F
12.58 15.75
69
70
44
28
7.09 7.36
6
F
12.58 15.33
90
90
48
52
6.61 7.70
7
M
13.42 16.33
71
50
29
45
5.45 3.75
8
F
14.92 17.08
72
50
11
12
4.04 3.34
9
F
8.50 11.75
90
66
24
44
6.64 6.42
10
M
11.75 15.17
70
70
19
29
5.09 4.56
CAPE-V = Consensus Auditory-Perceptual Evaluation of Voice, AVQI = Acoustic
Voice Quality Index, pVHI = Pediatric Voice Handicap Index.
3.5 Discussion
Significant voice abnormalities were present at initial and repeat assessment in this
cohort of extremely preterm children. Comparison of the characteristics of the nonparticipating group demonstrated equivalence of voice quality on initial assessment.
These results may therefore be considered representative of the extremely preterm
population.
The reduction in dysphonia severity as measured by perceptual judgement was
statistically significant. However, the clinical significance of the reduction is less clear.
Inspection of the group means reveals a decrease in CAPE-V severity score from 72 to
60, and both scores represent a moderate to severe disturbance in voice quality. An
untrained listener would consider such a voice to be noticeably impaired. Further, the
CAPE-V is a subjective assessment of voice quality, and listener bias cannot be
excluded. However, the AVQI, an objective assessment of disturbance to the voice
signal, did not change significantly in the interval between assessments. Whilst there
was some variation in individual results, no participant presented with a normal voice at
repeat assessment. This suggests that, despite a minor reduction in severity of the mean
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CAPE-V score across the group, dysphonia in extremely preterm children is persistent
and unlikely to resolve without intervention.
The mechanism underlying individual decreases in dysphonia severity are unclear.
Maturation may be a contributing factor in cases 5, 6, 7, 8 and 10, whose ages indicate
that some pubertal changes may have occurred in the interval between assessments. In
children with hyperfunctional voice disorders, with or without accompanying vocal
nodules, completion of adolescence is associated with a reduction in dysphonia
severity.34 However, this is more common in males than females and it is currently
unclear how voice quality is influenced by puberty in extremely preterm children. 22
Cases 7 and 8 experienced a decrease in dysphonia severity, and may have experienced
associated structural and hormonal changes to the larynx. However, voice quality was
constant in the remaining three cases. As no participant experienced complete resolution
of dysphonia, unlike term-born, non-intubated children,22 a link between puberty and
normal voice cannot be drawn in extremely preterm children. However, pubertal
changes may be a relevant influencing factor for some extremely preterm adolescents.
The relationship between puberty and voice quality requires further investigation, with a
particular focus on individual characteristics underlying improvements in voice quality.
In some cases, decreases in dysphonia severity occurred in children who were unlikely
to have completed puberty (e.g., cases 1, 2, 3 and 9). Maturation of communication
behaviour from the early childhood years, where phonotraumatic behaviour is common,
may underlie some of this change. These data demonstrate that, regardless of the
mechanism, changes in dysphonia severity across time in extremely preterm children
are inconsistent, not yet predictable and do not effect resolution of voice disturbance to
approximate normal phonation. Further investigation of these factors is essential, as, if
any likely improvement with age and puberty can be quantified; the timing of
intervention may be informed.
Given the persistence of dysphonia in extremely preterm children and the potential
impediments to social relationships, employment participation and general well-being, it
is essential to identify effective interventions. Surgical management has been effective
in cases of posterior glottic incompetence where voice is severely disrupted, yet surgery
tends to be deferred until post-adolescence to ensure complete maturation of the vocal
system prior to inducing structural changes.126,141 Behavioural intervention is non53
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invasive and its efficacy has been reported in children with primary hyperfunctional
voice disorders.134 It can be hypothesised that behavioural strategies may decrease
tension in the supraglottic and laryngeal musculature and lead to improvements in voice
quality in preterm children also. Full resolution of symptoms would not be expected,
however, as underlying laryngeal pathology may be unaltered. Early reports support this
hypothesis, but large scale studies are needed for greater ecological validity.142
3.6 Conclusion
Dysphonia is persistent in extremely preterm children and does not follow the course of
the majority of childhood voice problems. Due to potential adverse consequences on
quality of life, social, academic and employment success, strategies to optimise voice
quality should be investigated. This may include both surgical and behavioural
treatment.
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4.1 Rationale for the study
Preterm children are at risk of persistent dysphonia as, in the care of such children in the
neonatal period, many risk factors known to be associated with adverse voice quality are
inevitable. Endotracheal intubation is frequently required to relieve respiratory distress,
yet is known to cause structural laryngeal damage. Persistent difficulties with phonation
through the school years have been reported in empirical research into voice outcomes
in extremely preterm children and in case studies in very preterm children.64,129
This study sought to build on the existing literature reporting on dysphonia following
preterm birth, by presenting a comprehensive investigation into incidence, presentation,
influencing factors and response to therapy, of voice difficulties in very preterm
children.
4.2 Aims of the study
The aims of this study were to:
1. determine the targeted prevalence of dysphonia in targeted gestational age and
intubation experience groups, as well as the presentation, nature and severity of
voice disorders, in children born less or equal to 32 weeks gestation at school
age, via prospective, clinical voice assessment in a sample of Western Australian
preterm children aged between five and twelve years.
a. utilising the clinical assessment data from this phase, assess the external
validity of the Acoustic Voice Quality Index (AVQI) in a paediatric
population with a more even distribution of normal and dysphonic voices
than that observed in our laboratory’s pilot study, and to determine
whether the AVQI retains its diagnostic utility under clinical recording
conditions in the paediatric voice clinic.
2. explore the nature and extent of laryngeal pathology of preterm children with
moderate to severe dysphonia, using a direct, videostroboscopy laryngeal
examination with a flexible or rigid endoscope.
3. investigate the effectiveness of behavioural voice intervention, using a
standardised protocol developed to addressed the hypothesised deficits in the
areas of voice care, respiration patterns for speech, supraglottic hyperfunction
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and inefficient voicing patterns, in preterm children with moderate to severe
dysphonia.
4.3 Hypotheses of the study
It is hypothesised that children born at or equal to 32 weeks gestation will have a higher
incidence of dysphonia than term-born children, because of the increased likelihood of
exposure to a number of known risk factors for dysphonia, primarily endotracheal
intubation (ETT).
It is further hypothesised that the incidence of dysphonia will decrease with increasing
gestational age. It is believed that decreasing ETT exposure and increasing medical
stability of the child will facilitate the recovery from any short-term laryngeal injury
sustained in the neonatal period.
It is predicted that the nature and severity of laryngeal pathology in those children with
moderate to severe dysphonia will be heterogeneous, due to the varying medical status
of the children and nature of intervention provided in the neonatal intensive care unit
(NICU).
It is predicted that behavioural voice therapy, delivered by a speech pathologist, will
decrease the symptoms of dysphonia on instrumental and perceptual assessment, and
decrease the impact of dysphonia on voice-related quality of life. Where significant
structural laryngeal abnormalities exist, it is hypothesised that speech pathology
treatment will be less effective.
It is hypothesised that the AVQI will demonstrate sensitivity to therapeutic change in
this paediatric population, as this has been established in adult speakers. It is further
hypothesised that the diagnostic utility of the AVQI found in our laboratory’s pilot
study will be consistent with the threshold for pathology in this larger paediatric
population, and that the AVQI will retain its diagnostic utility in a larger sample of
children with a more even distribution of vocal pathologies.
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5.1 Assessment of the presence and severity of dysphonia
There is no consensus regarding an ideal assessment battery for dysphonia. Many
published assessment measures lack reliability and validity data and clinical guidelines
also lack evidence for some of the measures they recommend.143 For clinical purposes, a
three-pronged approach consisting of objective, perceptual and quality of life measures
is considered best practice.144 When used in combination, objective and perceptual
measures have been found to identify, differentially diagnose and assess severity of
dysphonia with greater accuracy than with either measure alone.145
Additionally, instrumental assessments such as videolaryngostroboscopy visualise the
larynx and examine the movement of the vocal folds during voicing.36 However, there is
disagreement about the diagnostic accuracy of many individual assessment instruments,
although several have been trialled for use in paediatric populations.
5.1.1 Instrumental evaluation
Objective, instrumental visualisation of the structure and function of the larynx is
considered the gold-standard assessment in both adult and paediatric voice
disorders.7,36,146 In some cases, endoscopy should be performed under general
anaesthetic, such as when making a differential diagnosis of vocal fold immobility or
paralysis; however, mucosal wave during phonation cannot be viewed under these
conditions.147 Therefore, initial evaluation should be performed while the child is
conscious and able to follow commands to initiate and sustain phonation, to reveal the
movement and function of the vocal folds.36,148-150 Evaluation of the larynx via flexible
transnasal or rigid transoral endoscopy visualises the gross anatomy of the larynx, and
stroboscopy will facilitate assessment of mucosal wave and glottic closure. 36,44,146 Rigid
transoral endoscopy is not well tolerated by young children due to the size of the scope
and the posture required to conduct the examination, and the development of flexible
fibreoptic endoscopy technology made laryngeal imaging in the awake child possible.146
However, the literature regarding the tolerance of children to such examinations is
mixed, with a recent study concluding that it is problematic in young children, in
comparison to earlier research, where full compliance was recorded. 146,151,152
While visualisation of the larynx during phonation under stroboscopic conditions
remains ideal, the invasive nature of the procedure has led to interest in non-invasive
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assessment methods such as laryngeal ultrasound. This method has been shown to
identify the presence of laryngeal lesions, but differential diagnosis has so far remained
elusive.27 Therefore, despite the difficulties with compliance and discomfort,
stroboscopic evaluation of the larynx during phonation remains the current tool for
diagnosis of laryngeal pathology, as it is the only method by which to visualise the
larynx and differentially diagnose the majority of laryngeal pathologies at the present
time. It is recommended that all children with a history of intubation undergo
visualisation of the larynx to facilitate accurate diagnosis of any injury and for treatment
planning purposes.29
5.1.2 Acoustic assessment
Objective assessment of voice refers to acoustic, computerised analysis of the speech
signal.17 Acoustic assessments are objective, whereas perceptual assessments can be
biased.153 They are more sensitive to change and thus suitable to measure subtle
changes over time or in response to intervention.2
Acoustic analysis of voice remains debated. There are a number of computer
programmes available for this purpose, yet the results they yield do not correlate
strongly.154 Thus, consistency of conditions such as recording materials and procedures,
calculation methods and use of computer analysis software is imperative. Acoustic
analysis of highly aperiodic voices is unreliable but many dysphonic voices are highly
aperiodic, particularly those with moderate to severe deviance.153
Despite these difficulties, acoustic assessment of voice quality is desirable. Single
acoustic measures are correlated with perceptual attributes and are thought to directly
reflect the underlying dysfunction of the vocal folds: for example, perturbation
measures jitter and shimmer are perceived subjectively as roughness, while a decreased
harmonics-to-noise ratio is perceived as breathiness or turbulence.155 Maximum
phonation time is said to reflect underlying pulmonary capacity and the ratio between
production of voiced and voiceless consonants can differentially diagnose vocal
hyperfunction.44 Consideration of these factors in isolation describes the nature of
symptoms but does not indicate the presence or severity of dysphonia.
Traditionally, acoustic analysis has been conducted on sustained vowels, as they are the
only speaking task on which it is possible to calculate perturbation measures.156
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However, as sustained vowels are not representative of conversational speech, their
ecological validity is questionable.157 Further, listeners tend to under- or overestimate
dysphonia severity when using each measure alone and correlation between the ratings
is poor.158,159 Therefore, objective assessment of the presence and severity of dysphonia
should include both sustained vowels and connected speech.
There are a number of objective assessments of dysphonia severity.160,161 However, to
date, the only validated assessments which include both speaking tasks are the AVQI
and the CSID.2,5 However, only the AVQI is available to users at no cost.162 It is reliable,
correlates with perceptual assessments of dysphonia severity, is sensitive to change and
is therefore suitable as an assessment and therapy outcome measure.2,163 The AVQI has
also been found to have diagnostic accuracy, with appropriate sensitivity and specificity,
in a paediatric population.140
5.1.3 Perceptual assessment
Perceptual evaluation of dysphonia refers to the subjective rating of voice quality by a
trained listener. It is essential in the assessment and treatment of voice disorders, as
individuals seek treatment because their voices sound different or abnormal and wish
them to return to an aesthetically pleasing state.164 A summary of the most commonlyused perceptual assessment measures is presented in Table 2.
There are some methodological difficulties associated with the use of perceptual
assessments. Administration differs across languages, therefore cross-linguistic
robustness is debatable.165 Some non-standardised measures have been developed for
use in research but information is limited and replication is not possible.131 The GRBAS
has been the preferred assessment measure: adopted for its clinical utility and as a
minimum standard for perceptual voice assessment.165 Despite the recommendation that
the GRBAS be a minimum standard of auditory-perceptual evaluation, in many
published papers it is the only recorded such evaluation.
The most widely-used perceptual evaluation scale had previously been the GRBAS.3
However, the CAPE-V is now regularly used as a perceptual assessment measure in
research and clinical practice, in preference to the GRBAS, as it is standardised and
more comprehensive.30,31,166-168 However, there are some difficulties with the CAPE-V
measure. Correlation of a detailed perceptual assessment measure (such as the CAPE-V)
61

Chapter 5

with another measure such as the GRBAS, which is not considered a comprehensive
assessment of the parameters of voice, is questionable. The standard established by the
GRBAS, against which the CAPE-V is compared, could be considered to be inadequate
thus raising concerns about the validity of the CAPE-V. Further, the GRBAS is a Likert
scale, whereas the CAPE-V is a visual analogue scale.3,4 Whilst good correlations have
been shown between the two methods of perceptual evaluation169, differences in
evaluation arising from the scoring methodology cannot be excluded.
This serves to highlight the difficulties associated with auditory-perceptual evaluation
of voice disorders. It is considered a gold standard assessment of voice quality, as voice
quality is primarily perceptual in nature.132 There is significant variability in perception,
within and without listeners: any assessment method that is subject to inconsistent
judgement must be utilised with caution. Users must ensure that their judgements are as
consistent and bias-free as possible, by using perceptual anchors, undergoing regular
training and/or calculating inter- and intra-rater reliability of their judgements.170
Further, the CAPE-V has specific scoring and task instructions, in contrast to the
GRBAS: this increases reliability through standardised administration of the measure.4
Thus, it can be considered the most appropriate perceptual assessment measure
available for use in research and clinical practice, and includes more detailed
assessment than the minimum standard set out by the GRBAS.
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Table 5.1. Comparison of perceptual voice assessment measures.
Feature
Degree of subjectivity

Scoring method
Comprehensiveness

CAPE-V4

High. Stimulus materials
specified but required sample
short. Disagreement about
interpretation of parameters
and inconsistent use
thereof.4,170,171
4-point equal-appearing
interval scale.
Low; minimum standard for
perceptual voice
assessment.144

Low; standardised
administration and
scoring instructions.4

Research utility

Outcome measure in large
number of studies; validation
measure for new
methodologies.2,140,173-175

Clinical utility

High; quick to administer
and easy to score.165
Some major perceptual
attributes not accounted for
(e.g., pitch, consistency,
volume). Limited evaluation
may not contribute to
differential diagnosis.

Other

Measure

GRBAS3

Visual analogue scale;
improved sensitivity.
High; developed as a
comprehensive
assessment by expert
consensus.4
Recent publication;
emerging use as a
research outcome
measure (c.f.
GRBAS).5,166,168
Recent publication but
uptake appears to be high.
Raters prompted to
comment on less common
features of voice; aids in
differential diagnosis.
Reliability
established.173,178

Vocal Profile Analysis
Scheme 165
Low; baseline for each
parameter rated
explicitly stated.165

Buffalo Voice Profile25

No studies identified
using VPAS as a voice
outcome measure.

Moderate; scoring
instructions available but
stimulus materials not
specified. Baseline
definitions of acceptable
quality absent. 25
7-point equal-appearing
interval scale.
High; 12 features of
voice quality and
laryngeal functioning are
rated.25
Few studies report on
BVP as outcome
measure.176

High; most common
measure in UK.165

High; widely used in UK
and North America.165,177

6-point equal-appearing
interval scale.
High; includes features
of anatomy, physiology
and voice quality.172
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5.1.4 Quality of life
Quality of life measures evaluate patient perceptions of the impact of their health
condition on activity participation and limitation. Inclusion of quality of life measures
into assessment practices has been associated with better patient outcomes,
improvement in communication between clinicians and patients and identification of
latent symptoms such as psychological pathology, anxiety and distress.179
Parent-proxy has been used to describe paediatric health conditions: however,
discordance between parent and child attitudes has been found.35,179,180 Several parental
reports of paediatric dysphonia symptoms have been developed (e.g., the Pediatric
Voice Outcomes Survey181, the Pediatric Voice-Related Quality of Life182, the Pediatric
Voice Handicap Index9), yet child self-report measures are in their infancy and have not
yet been validated to a sufficient degree for use in clinical practice.35,180 The recentlydeveloped Children’s Voice Handicap Index is a child-report measure which has been
validated for use in children aged between 8 and 14 years of age: it cannot be used in
children under the age of 8 years, who are frequently seen in paediatric voice clinics.183
Of the measures applicable to paediatric dysphonia, the pVHI is the most appropriate
instrument for a number of reasons. It is a short questionnaire that canvasses voicerelated symptoms across the physical, social and emotional domains, which assess the
impact of dysphonia on activities and participation and informs treatment decisions. It
may be sensitive to change and suitable for use as a therapy outcome measure.9
Appropriate assessment measures are available for use in paediatric populations in each
of the essential areas of assessment of voice disorders: perceptual (CAPE-V), acoustic
(AVQI) and quality of life (pVHI). Stroboscopic evaluation of the larynx should also be
considered.
5.2 Intervention
Intervention strategies can be categorised as medical, including surgical and
pharmacological, or behavioural.41,134 184 Behavioural strategies encompass voice
therapy that is conducted by a speech pathologist.185 The focus is on changing
behaviour associated with voicing, and the term encompasses vocal hygiene, and direct
and indirect techniques.186 Direct voice therapy focusses on replacement of deviant
phonatory strategies with voicing techniques that are compatible with healthy laryngeal
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function.187 Indirect voice therapy targets behaviours associated with voicing, such as
breathing, relaxation and lifestyle modification.44 Vocal hygiene refers to guidelines to
minimise harm to the vocal mechanism during every day speaking contexts.7
In many voice disorders, a combination of medical and behavioural strategies is
recommended where possible.134 For example, surgical treatment of vocal nodules is
accompanied by a period of voice therapy to prevent relapse. 148,175 Medical
management is indicated for treating the underlying causes of some dysphonias (e.g.,
reflux laryngitis).184 It is currently unclear whether surgical procedures in childhood that
damage the developing lamina propria may result in permanent damage to the adult
larynx.149 Therefore, surgery is now considered only necessary either to preserve life
when airway management is required or when conservative treatments have
failed.148,149,187 Whereas surgical excision was once the preferred treatment for nodules,
recently recommendations have included a trial of behavioural therapy and a watchful
waiting approach.134,148
5.2.1 Common voice therapy techniques used in paediatric dysphonia
Surveys of the practices of speech pathologists working in the area of paediatric
dysphonia demonstrate that a number of therapy techniques are currently in use, with
varying levels of evidence available.187 Most speech pathologists working in Australia
use a combination of direct and indirect therapy approaches when working with children
with vocal nodules.187 Common indirect approaches include vocal hygiene education,
laryngeal relaxation and abdominal breathing exercises.187 The most frequently used
direct therapy approaches include remediating hard glottal attack, the yawn-sigh
technique and resonant voice therapy.187
5.2.2 Evidence for intervention in paediatric dysphonia
There is scant evidence for the effectiveness of behavioural intervention, particularly
voice therapy, in paediatric dysphonia. It is commonly held that intervention should be
tailored to the individual needs of the child, and will vary depending on the child’s age,
presentation, the presence of vocally abusive behaviours, insight and motivation to
effect change in their vocal symptoms.148,175 One difficulty with evaluating the literature
pertaining to voice disorders is the lack of consistency of terminology. For example,
hyperfunctional voice disorders are also referred to muscle tension dysphonia,
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psychogenic voice disorders, non-organic or functional dysphonias.188 Another is the
critical lack of empirical studies into treatment effectiveness.189
5.2.2.1 Hyperfunctional voice disorders
Three studies have examined the effectiveness of behavioural voice therapy in
paediatric hyperfunctional voice disorders. They are limited to a case study and two
small-scale studies with intervention groups of between 8 and 16 participants. One
study was prospective; the other was reported from retrospective chart review.
A combination of vocal hygiene counselling and body movement therapy based on
proprioceptive feedback to the laryngeal musculature has been found to improve
subjective, but not objective, symptoms of dysphonia in the Italian language in the
prospective study.190 Factors associated with better outcomes included attitude to
therapy, regular attendance and completion of home exercises. However, while vocal
hygiene counselling is commonly used in the treatment of hyperfunctional voice
disorders in the Anglophonic nations, there is no literature on the body movement
therapy and its application to voice disorders in the English language.36
A therapy protocol consisting of developing insight into the presence of and factors
associated with dysphonia, relaxation of the musculature of the larynx and neck and
using easy onset voicing to decrease hard glottal attack was effective in a small sample
of children as determined from retrospective chart review.191 There were inconsistencies
in outcome measurements and therapy delivery, in the nature, frequency and duration of
therapy.
Laryngeal electromyography (EMG) has been used to provide biofeedback about
tension in the laryngeal musculature, with reduction in laryngeal muscle tension
demonstrated in a single child with a diagnosis of hyperfunctional voice disorder and a
history of non-responsiveness to traditional voice therapy techniques.192 EMG is a noninvasive technique where weak electrical currents delivered via dermal patches are used
to stimulate or monitor muscular contractions. It has been applied to treat
neuromuscular and localised muscular disorders in both adults and paediatrics.149 As a
consequence of such treatment, voice quality and aerodynamic measures were improved,
with effects maintained six months post-treatment. However, a literature search revealed
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no other publications pertaining to therapeutic use of laryngeal EMG in paediatrics,
although abundant literature is available for its application in adult voice disorders.193
One study investigated the effects of family therapy on voice quality.194 The participants
were children who had nodules or a voice disorder of functional origin, and
improvements in voice quality were demonstrated when psychological treatment
focussing on family of origin issues was administered to the family unit.194 However,
the treatment model assumes underlying familial dysfunction, which may not be present
for all children with dysphonia.
Laryngeal hyperfunction is hypothesised to be responsible for the development of the
majority of paediatric voice disorders, yet there is little evidence regarding treatment
efficacy, despite the view that hyperfunctional voice disorders will not self-resolve, in
the absence of treatment.15,18,188 Hyperfunctional use of the larynx can result in the
development of vocal fold nodules, among other benign vocal fold lesions.22,188 Thus,
the literature pertaining to treatment of that condition must also be examined.
5.2.2.2 Vocal fold nodules
While vocal fold nodules are the most common paediatric voice disorder, there is little
experimental evidence of treatment efficacy. A number of reviews and expert opinion
reports are available, and there is consensus regarding an initial conservative approach,
consisting of vocal hygiene counselling, counselling to reduce vocally abusive
behaviours and direct voice therapy techniques, with this therapy described as the
“cornerstone intervention”.41,148,195 The available opinion spans some four decades,
suggesting that this view is persistent in the otolaryngological community.
Vocal hygiene counselling alone has been found to be ineffective in the management of
vocal fold nodules in paediatrics, in contrast to adults.22,134,196 Whilst phonosurgery has
been shown to have immediate improvements in voice symptoms, there are no followup data on recurrence of symptoms.134 It is hypothesised that surgical excision of vocal
fold nodules, while resulting in short-term improvement in voice symptoms, does not
address the underlying cause and should be accompanied by voice therapy to maximise
long-term outcomes.148 Therefore, in studies investigating the efficacy of surgery alone,
follow-up data is essential to facilitate conclusions about voice symptoms in the long
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term. Therefore, the literature on voice therapy could provide insight into the
effectiveness of intervention strategies.
Voice therapy consisting of a mix of a vocal hygiene component and counselling to
decrease vocally abusive behaviours, diaphragmatic breathing techniques, relaxation,
stretching exercises, the accent method of therapy and resonant voice therapy has been
shown to decrease symptoms of dysphonia on both perceptual and acoustic measures.175
The vocal hygiene and reduction in vocally abusive behaviour component of the study
was well-described. The following behaviours were targeted: adequate and frequent
hydration of the mucosa of the vocal tract, avoidance of speaking above background
noise, changing posture by ceasing activity and facing a conversation partner, reduction
in frequency of speaking during physical exertion and illness, facilitating decreased
effort of speaking by allowing sufficient time for relaxation and play, and caregiver
provision of specific, verbal and non-verbal feedback to the child throughout the
behaviour modification programme.175 Informal assessment of the frequency of these
behaviours took place at each therapy session; most participants decreased vocally
abusive behaviours by the second session, although 16 required two more sessions to
successfully comply with this aspect of therapy.175 More detailed reporting of the
reduction in undesirable behaviours, in the form of a behaviour checklist or other
frequency tally, would facilitate objective analysis of the effectiveness of this
component. The available experimental evidence cautiously supports the inclusion of
vocal hygiene education into voice therapy protocols and sufficient detail is provided
for replication in future studies.
Additionally, voice therapy targeting the three voicing techniques of “voice presence
and awareness”, “phonation duration” and “vocal attack”, delivered by a clinician with
supplemental biofeedback from a specialised computer programme, has been shown to
decrease voice symptoms on acoustic and perceptual measures, as well as resolve vocal
nodules at follow-up six months’ post-treatment.197 Whilst effectiveness of both
treatments was demonstrated in prospective observational studies, the treatments were
either not described in sufficient detail or were administered via computer software
package that has been discontinued, therefore replication in either a research or clinical
setting is impossible.198 In addition, although one study included assessment data from
normophonic children as case controls, the controls were not offered a therapy-like
condition and a placebo effect cannot be excluded.197
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The analysis of all previous efficacy studies identified that one repeated difficulty with
replicating the findings reported in the literature is the lack of detail of treatment
methodologies. There is emphasis on the requirement to tailor therapy to the needs,
preferences and behaviour of individual patients.41,148 Such responsiveness to individual
needs may lead to increased compliance, better rapport and greater levels of trust
between clinician and patient. However, if treatment methodologies are inconsistent,
conclusions about their contribution to improvement in symptoms cannot be drawn as
the presence of confounding variables cannot be excluded.
In the treatment of vocal fold nodules, evidence from two experimental studies and one
retrospective chart review provides some evidence that voice therapy is effective at
improving voice quality and reducing the appearance of vocal fold nodules.27,134,175,197
Vocal hygiene counselling targeting reduction of vocally abusive behaviours is seen as
essential, and has been described in sufficient detail for replication in future studies.175
Both indirect and direct therapies were effective, and should be included in any
treatment battery. However, there is a need to investigate and describe the specific
components of the therapies that were most effective in the resolution of symptoms.
5.2.2.3 Laryngopharyngeal reflux
Laryngopharyngeal reflux occurs when refluxed gastric contents spill into the oro- or
nasopharynx and into the laryngeal vestibule.184 It is a recently-recognised condition
and has been found to be present in up to 56% of children with hoarseness and can cooccur with vocal fold nodules.199 It is hypothesised in such cases, that the inflammatory
response of the laryngeal mucosa to the acidity of the refluxate predisposes the early
oedematous change indicated in the development of vocal fold nodules, and may be
more common in children than previously thought.199
Laryngopharyngeal reflux is a phenomenon related to, yet separate from,
gastrooesophageal reflux, where refluxate is confined to the oesophagus and oral
cavity.200 There is little evidence for the management of laryngopharyngeal reflux in
paediatric dysphonia. Treatment with medication alone, voice therapy alone and a
combination of the two interventions yielded similar results on retrospective chart
review; however, the voice therapy was not described in sufficient detail to
reproduce.199 Consensus expert opinion suggests that lifestyle and positional
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modification, medication, voice therapy and surgery can be considered in children, and
that the preferred treatment strategy depends on the severity of the symptoms.184,199
5.2.2.4 Voice therapy as an adjunct to surgical intervention
Adverse voice outcomes have been reported as a result of a number of laryngeal
surgical procedures, including techniques associated with laryngotracheal reconstruction,
such as anterior costal cartilage graft, cricothyroid resection and posterior division of
the cricoid.39,201,202 Whilst there is expert opinion available that supports the use of
voice therapy in other dysphonias and as an adjunct to surgical therapy to maximise
voice outcomes, there are no experimental studies pertaining to this issue available in
the literature.148
Positive outcomes from voice therapy have been reported as part of larger case series
and retrospective studies. Voice therapy was found to improve voice quality in a small
population of children who had undergone laser arytenoidectomy for bilateral vocal fold
paralysis.203 Due to the nature of the underlying health condition, there was no control
group available for comparison.203 However, the voice therapy was not described in
detail in the literature, nor were outcome measures reported; thus it is unclear which
therapy techniques were administered and whether any biases were present in
evaluation of outcomes. Children who undergo laryngotracheal reconstruction have
been found to have dysphonia; it is not clear whether this relates solely to the procedure
or whether there is a correlation with pre-operative laryngeal status.204 Behavioural
voice therapy has either been recommended on basic scientific principles, or has been
described as having occurred.39,204 However, there has been no research into its efficacy
in this population to date.
5.2.2.5 Management of intubation-induced dysphonia
Currently, the literature is limited to case studies and case series (see Chapters 8 and 9
for work published as part of this thesis).126,142,205 Success of surgical management was
varied, and the use of behavioural voice therapy has yielded inconsistent results.
Therefore, there is a need for well-designed research into treatment efficacy in
paediatric voice disorders, where treatment is described in sufficient detail to determine
which aspects of treatment have contributed to therapeutic outcomes, allow replication
of results in future studies and contribute to clinical therapy techniques.
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5.2.3 Factors influencing treatment outcomes
Voice therapy is not well described in the literature. However, correlations between
factors associated with treatment and better voice outcomes have been reported.
5.2.3.1 Dosage
An association between treatment frequency and more positive outcomes has been
reported. Attendance for greater than seven sessions was associated with better voice
outcomes, identified by factor analysis from retrospective chart review.134 However, its
utility is limited as it is unclear whether the influencing variable is attendance, or
attendance associated with a particular therapy technique.
Frequency or dosage is an essential part of any treatment, and it is imperative that it be
described in detail. Data from the two prospective observational studies reported in the
paediatric voice literature shows that eight sessions are required to achieve change in
voice symptoms.134,175,197 The length of each session was described in only one study, as
consisting of 45 minutes.197 The timing and frequency of therapy is relevant and further
investigation is warranted.
5.2.3.2 Patient compliance
Associations between patient behaviour and positive voice outcomes have been
observed. Attendance in one paediatric intervention study was 100%: the authors had
cautioned participants that failure to attend would exclude them from participation in
the study.197 While removing participation as a confounding variable, this condition
may have decreased the ecological validity of the results as it is questionable whether
perfect attendance is feasible in a clinical setting. In adult patient groups, nonattendance rates of 44% have been reported.206
Reduction in vocally abusive behaviours was also associated with better therapy
outcomes.175 An issue of objectivity in measurement of behaviour change has been
identified above. However, if an association between patient behaviour change and
improvement in dysphonia symptoms is demonstrated, further research into the factors
that facilitate behaviour change is warranted.
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5.2.4 Lessons from the adult literature
Whilst there are a number of factors suggestive of different approaches to adult and
paediatric dysphonia, the absence of literature pertaining to paediatrics specifically is
problematic. Despite several studies extrapolating findings from adult studies, research
in the paediatric population is still lacking, and further trials are required. This is
particularly important, as clinicians are ethically-bound to treat individuals who present
to them with pathology and request intervention.
5.3 Concluding remarks
Assessment of paediatric voice disorders should combine perceptual, acoustic and
quality-of-life measures. A number of perceptual and quality-of-life measures have been
shown to be reliable and valid in paediatric dysphonia. However, the external validity of
the AVQI has yet to be established. Further, there is no standardised, objective outcome
measure that is sensitive to therapeutic change in a paediatric population. The ideal
measurement is the AVQI, which has been found to accurately discriminate between
dysphonic and normal voices and correlate with dysphonia severity in a paediatric
population. The responsiveness of the AVQI to change in children with dysphonia could
be measured as an adjunct to an intervention trial, should the trial be sufficiently
powered.
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6.1 Abstract
Background: Mild dysphonia in childhood is surprisingly common, yet moderate to
severe dysphonia is rare. The latter has been associated with complex medical
conditions and congenital abnormalities. Intubation injury has also been documented as
a cause of childhood dysphonia. Children born very preterm may be intubated as part of
the intensive care administered in the perinatal and neonatal period, yet there are few
studies investigating dysphonia in this population. This study will be the first to: use an
objective acoustic voice assessment in a paediatric study, document the incidence of
dysphonia in very preterm children at school age, and conduct a controlled trial of
behavioural voice therapy in this population.
Design: This study will consist of three phases: assessment of voice quality and its
impact on quality of life in up to 200 children born at less than 32 weeks gestation:
assessment of the nature and extent of laryngeal pathology in children with moderate to
severe dysphonia; and a non-blinded, randomised controlled trial of behavioural voice
therapy in children with moderate to severe dysphonia.
Discussion: This study will be the first to use clinical assessment to examine the voice
quality of very preterm children, and to use fibreoptic endoscopic evaluation of
laryngeal function to determine the nature and extent of any laryngeal pathology in such
children. Those participants with significant voice difficulties will be randomised to
receive treatment immediately or after the eight week assessment.
Trial registration: This study is registered on the Australian New Zealand Clinical Trials
Registry (ACTRN12613001015730/ACTRN12613001012763).
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6.2 Introduction
Dysphonia is defined as deviance in the sound quality of the voice produced during
speech. An individual’s voice is considered dysphonic when it differs perceptually from
norms associated with gender, age, stature and culture, or when it impedes the activities
of daily living.11
Mild dysphonia in childhood is common. The true incidence is debated but rates
between 0.12% and 40% have been reported in otherwise typically-developing
children.21,23,129,207 One large-scale study reported an incidence of 11%. 20
Communication behaviours frequently seen in children, such as shouting, making noises
in play and prolonged voice use at elevated volumes place strain on the vocal
mechanism and cause superficial mucosal injury, resulting in hoarseness.25,26 Such
hoarseness usually resolves with changes to the vocal mechanism associated with
adolescence and the maturation of communication behaviour in adolescence and
adulthood.22 More severe forms of dysphonia in childhood are rare, and causative
conditions include juvenile recurrent respiratory papillomatosis, vocal fold paralysis,
glottic webs and intubation injury.28,68,208
Dysphonia has adverse effects on academic, social and employment
outcomes.52,137,209,210 Children with dysphonia are evaluated negatively, in comparison
to their normophonic peers, on characteristics such as physical appearance and
personality traits.54,135,210 Thus, dysphonia can have a significant impact on quality of
life.
Tracheal intubation has been associated with laryngeal injury in neonates, and resultant
dysphonia in children born very preterm has been reported in case study series.13,64,117
Many children born very preterm require resuscitation and ventilator support in the
neonatal period.73,74 Dysphonia associated with emergency intubation in extremely
preterm, extremely low birthweight infants at twelve months corrected age has been
reported.131 Our laboratory has published a pilot study into dysphonia at school age in
children born extremely preterm, who were born at less than 25 weeks gestation and
intubated, and demonstrated that there is a strong association between intubation
variables and voice outcomes.129 The requirement to initiate endotracheal intubation to
relieve respiratory distress syndrome and to administer surfactant is universal at less
than 25 weeks gestation in Western Australia, and decreases with increasing gestational
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age. By 32 weeks in our series, fewer than 25% of children are intubated, usually briefly
for surfactant administration, and fewer than 2% require a second intubation. Thus,
there is a need to investigate the long-term voice outcomes of preterm infants across a
wider range of gestational ages, as they may also be considered at high risk of
developing dysphonia.
A three-pronged approach to the assessment of the presence and severity of dysphonia,
consisting of objective, perceptual and quality of life measures, is considered best
practice.144 Objective assessment refers to acoustic, computerised analysis of the speech
signal.17 Greater accuracy in identification, differential diagnosis and severity
judgements is achieved when objective and perceptual methods are used in
combination.145 2,153 However, few composite objective measures have been validated
for use in a paediatric population. The AVQI is an index score of the presence and
severity of dysphonia calculated from acoustic parameters of the voice signal. It has
been found to have diagnostic accuracy, with appropriate sensitivity and specificity, in a
paediatric population in a pilot study in our laboratory.140 However, the responsiveness
of the AVQI to therapeutic change in children has yet to be investigated.
6.3 Overall aims of the study
The overall aims of the study are to assess:
1. The presence, severity and impact on quality-of-life of dysphonia for each
participant group and to compare the incidence at each gestational age and
intubation frequency (Phase I).
2. The nature, extent and severity of laryngeal pathology in a sample of children
born very preterm, at school age (Phase II).
3. The effect of behavioural voice treatment on very preterm children’s AVQI
scores, G scores, CAPE-V results and pVHI scores, in comparison those who
receive no treatment (Phase III).
6.4 Methods
This study will address the aims by:
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i)

assessing the voice quality of up to 200 very preterm children, investigate its
relationship to demographic and medical variables and use the AVQI to
assess the presence of dysphonia based on acoustic parameters of the voice
(Phase I Assessment);

ii)

documenting the nature and extent of laryngeal pathology in the subgroup of
very preterm children with moderate to severe dysphonia (Phase II
Videostroboscopy); and

iii)

determining the effect of behavioural voice therapy on the voice quality of
Phase II participants (Phase III Intervention).
6.4.1 Phase I Assessment

Specific aims
1. The factors associated with increased odds ratios of the presence and severity of
dysphonia.
2. The correlation between the AVQI and perceptual evaluations of dysphonia
severity and to determine whether the threshold for pathology in children of 3.46
found in the pilot study is applicable to this larger population.
Participants
A total of up to 200 participants will be recruited. Eligible participants were born at less
than 32 weeks gestation and hospitalised in the Neonatal Intensive Care Unit (NICU) at
King Edward Memorial Hospital, the sole tertiary perinatal centre in Western Australia.
Participants will be aged between 5 and 12 years at the time of assessment, to ensure
compliance with assessment tasks. Selection will be stratified by intubation frequency
and gestational age from a total of 1851 NICU discharges <32w over the study period,
with random case selection within strata based on a medical record number algorithm,
having excluded those children with a known disability likely to preclude successful
assessment and/or who are resident greater than 200km from the study centre. The
families of 391 children were approached to take part in the study. Figure 6.1 depicts
the flow of participants through the study phases.
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Phase I Assessment

Moderate to severe dysphonia

Normal voice to mild
dysphonia

Offered Phase II Fibreoptic
endoscopic evaluation of laryngeal
function

Consented

End of study
participation

Declined: end of study
participation

Fibreoptic evaluation of laryngeal
function plus randomisation
Immediate
intervention group

Delayed intervention group

Phase III Intervention
Eight-session treatment
block and re-assessment of
voice quality.

Phase III Intervention
Eight-week period of no intervention, re-assessment
of voice quality, eight-session treatment block and reassessment of voice quality.

Figure 6.1 Flowchart depicting participant progression through the study phases.
Data from children born at ≤24 weeks gestation were collected in the previous pilot
study and will be included in the data analysis for this study.129 Increasing gestational
age typically results in increased survival rates and decreased intubation frequency, thus
it is not possible for each group to have equal sample sizes. Equivalence will be
retained where possible. Table 6.1 contains the proposed sample sizes for each group.
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Table 6.1. Proposed sample sizes from available cases for Phase I – Assessment.
Gestational Age (weeks)
≤23* 24-25 26-27 28-29 30-32
Proposed Total Sample Size 38# 40
40
40
40
Number of Intubations
0
0
1
13
17
19
1-2
25
19
13
18
19
3+
13
20
14
5
2
*Indicates data already collected. #Number of survivors.
Clinical Assessment
Overall Dysphonia Ratings
The clinical assessments will be conducted by a speech pathologist with post-graduate
experience in the assessment and treatment of paediatric voice disorders and will consist
of:


GRBAS (Grade, Roughness, Breathiness, Aesthenia, Strain scale): The GRBAS
is a four-point perceptual rating scale that rates five main aspects of voice
quality3



Consensus Auditory Perceptual Evaluation of Voice (CAPE-V): The CAPE-V is
a perceptual rating scale including finer subjective aspects of voice quality,
volume, pitch and resonance. The CAPE-V will be administered in exact
accordance with the published, recommended administration instructions. 211,4



Acoustic Voice Quality Index (AVQI): The AVQI score will be used as the
acoustic measurement, with scores meeting or exceeding the threshold for
pathology in children considered disordered.140 The AVQI will be calculated in
exact accordance with the procedure described by Maryn et al.2



Pediatric Voice Handicap Index (pVHI): This short questionnaire canvasses
voice-related symptoms potentially affecting quality of life, across the physical,
social and emotional domains.9 It is completed by the child’s caregiver.
Inter-rater reliability will be conducted on a randomly-selected 20 (i.e. > 10%)
of voice samples by a second speech pathologist with post-graduate experience
in paediatric voice disorders. Intra-rater reliability will similarly be conducted,
79

Chapter 6

on 20 of randomly-selected voice samples, for both raters. The test-retest
reliability of the AVQI will be conducted on 20 randomly-selected voice
samples.
Questionnaire assessment


Growing and Changing Questionnaire (GCQ): The GCQ is an assessment of
physical changes associated with the onset of puberty.6



Socioeconomic status: This will be ascertained via a questionnaire including
such factors as parental educational attendance and qualifications, income,
employment status and housing status.
Retrospective chart review

Medical charts will be reviewed and coded for the following information (where
recorded in sufficient detail): gender, gestational age, mode of delivery, total duration of
intubation, frequency of reintubation, tube size relative to body weight, oxygen
requirements during admission and at discharge, duration of hospitalisation, medication
at discharge, incidence of re-presentation and readmission, other medical diagnoses
including pulmonary disease and any other neurodevelopmental diagnoses subsequent
to discharge.
Statistical Analysis
Statistical analyses will be conducted using SPSS v21.0 statistical software (SPSS Inc,
Chicago, IL). All hypotheses are two-tailed and p-values of <0.05 will be considered
statistically significant. Depending on data normality, demographic and voice
characteristics will be summarised using means and standard deviations or medians,
interquartile ranges and ranges. Categorical data will be summarised using frequency
distributions. Univariate analysis of continuous data will be conducted using the
independent samples t-test in the case of normal data distribution, or the Mann-Whitney
test. The Chi square test will be used to analyse categorical data. Multivariable logistic
regression will be conducted to assess the influence of demographic and intubation
characteristics on the severity of dysphonia. Significant factors will be summarised
using odds ratios (OR) and 95% confidence intervals (CI).Inter-rater and intra-rater
reliability will be assessed using the intraclass correlation coefficient (ICC) and strength
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of agreement for ordinal data using weighted kappa statistics. The diagnostic precision
of the AVQI for discriminating between normal and dysphonic voices will be
determined using receiver operator curve (ROC) analysis. 2,140
6.4.2 Phase II Videostroboscopy
Specific aims
1. To determine the physiological findings associated with the presence, nature and
severity of laryngeal pathology.
Participants
Children from the study population who present with moderate to severe dysphonia,
according to the severity classification of the CAPE-V, will be offered a
videostroboscopic assessment of the larynx, and subsequent treatment (see Phase III).
An ENT surgeon will carry out the endoscopic studies with assistance from the
assessing and treating speech pathologist. Should the ENT surgeon identify pathology
that may respond to surgical intervention, those participants will be offered follow-up
consultation and treatment at Princess Margaret Hospital following Phase III of the trial.
This is consistent with current ENT practice, where a period of behavioural voice
therapy is trialled prior to surgical intervention.
Statistical Analysis
Depending on data normality, demographic and voice characteristics will be
summarised using means and standard deviations or medians, interquartile ranges and
ranges. Frequency tabulations of laryngeal pathology will be summarised, and for
qualitative analysis a chi square test will be used to analyse categorical data.
Multivariable logistic regression will be conducted to assess the influence of
demographic and intubation characteristics on the presence, nature and severity of
laryngeal pathology. Relevant demographic characteristics include: gender, birth
weight and gestational age. Relevant intubation characteristics include: duration of
intubation, frequency of reintubation and tube-size to body weight ratio. Significant
factors will be summarised using odds ratios (OR) and 95% confidence intervals (CI).
Cases with no intubation data available will not be included in this analysis. Cases with
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missing data will be treated as missing cases and excluded from the relevant portion of
the analysis.
6.4.3 Phase III Intervention
Specific aims
1. To determine whether a behavioural voice therapy programme results in changes
in voice quality of very preterm children.
2. To determine whether the AVQI score is sensitive to changes in voice quality
post-intervention.
Participants
See Phase II – participants above.
Randomisation
Eligible children who consent to Phase II of the study will be randomised to the
immediate treatment or delayed treatment/comparison group.
Intervention procedures
Each participant in the treatment group will receive eight sessions of behavioural voice
therapy, consisting of one 45-minute session per week for eight weeks. The therapy
protocol consists of:


vocal hygiene counselling, which instructs the voice user in ways to maintain the
health of the vocal tract;175



indirect therapy techniques, which help the voice user to modify behaviours
associated with the voice, such as breathing and laryngeal relaxation;186 and



direct voice therapy techniques, which train the voice user to initiate and sustain
voicing in ways which do not cause trauma to the larynx and/or vocal tract.44

The intervention protocol has been developed to address hyperfunctional voicing
behaviour in this cohort. It is hypothesised, based on previous clinical experience, that
very preterm children with laryngeal pathology adopt hyperfunctional compensatory
voicing behaviours from an early age.
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Reassessment of voice quality
Each participant from the comparison and intervention groups will undergo a repeat
assessment, in exact accordance with the procedures described in Phase I, with the
exception of the GCQ and socioeconomic questionnaire. Reassessment of voice quality
will occur following the final session of behavioural voice therapy.
Statistical analysis
An intention to treat analysis will be adopted, to account for non-compliance and
variation in the delivery of the therapy protocol due to participant illness or
unavailability.212 This will facilitate a pragmatic analysis of the feasibility of the
treatment in a clinical setting. The number of treatment sessions attended and a
subjective patient report of compliance with therapy (completion of home practice) will
be controlled for in the final analysis.
Depending on data normality, either the independent groups t-test (parametric) or
Mann-Whitney U Test (non-parametric) will be used to compare differences between
the treatment and control groups on the overall severity rating of the CAPE-V, the
primary outcome, collected at the final assessment (following the treatment period). The
G score, AVQI score and pVHI score will be used as secondary measures. Alterations
in voice characteristics will be determined by calculating any changes in the baseline
assessment results compared to the final assessment results for each participant using a
related t-test or sign test, depending on data normality.
A standardised change score analysis will be used to determine the responsiveness of
the AVQI to change. The correlations between the standardised change scores of the
AVQI and the G score and the AVQI and the overall severity rating on the CAPE-V
will be determined using a Pearson correlation coefficient. A moderate-to-high
correlation between the scores will be considered indicative of the responsiveness to
change of the AVQI score. This analysis is in accordance with that described by Maryn
and colleagues.163
Power calculation and sample size
As this study is the first to investigate long-term voice outcomes in children born very
preterm, it is impossible to calculate power based on the sample sizes of similar studies.
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There are no previous studies into systematic laryngeal assessments in school-aged
preterm children. Data from the pilot study of extremely preterm children demonstrated
the presence of moderate to severe dysphonia in 58% of the children assessed129,213;
however this incidence cannot be applied to this population for several reasons. Firstly,
the participants in the pilot phase were all born at less than 25 weeks gestation. The
response rate for the pilot study was <50% and selection bias cannot be excluded.
Additionally, the presence of moderate to severe dysphonia was predicted by greater
than five intubations; this condition is applicable to fewer children at later gestational
ages.
Therefore, the number of participants who will present with moderate to severe
dysphonia is presently unknown. We anticipate at least 30 children will participate in
Phases II and III. Phase III will be the first study into the effectiveness of voice therapy
to include children with dysphonia as a comparison group (c.f. Lee and Son, 2005191;
Tezcaner and colleagues, 2009175; and Valadez and colleagues, 2012197).
6.5 Trial status
Ethics approval for both the pilot phase and this study was obtained from the Ethics
Committee of Princess Margaret Hospital. The Ethics Committee of the University of
Western Australia has approved this study. This study is being carried out in accordance
with The Code of Ethics of the World Medical Association (Declaration of Helsinki) for
experiments involving humans. Participation in the study is under informed consent
from the parent or caregiver, and assent from the child where applicable.
All three phases of the study are underway.
6.6 Discussion
The intervention trial will be conducted as a randomised, non-blinded between subjects
design. Participants will be assigned to receive intervention immediately or after a delay.
Voice quality will be re-assessed prior to commencement of therapy in the delayed
intervention group. The pre-treatment scores of the delayed intervention group will be
compared to the post-treatment scores of the immediate intervention group, to assess the
effectiveness of behavioural voice therapy.

84

Chapter 6

This will be the first such study in the literature and will contribute to our understanding
of the factors increasing the risk of dysphonia in children born very preterm. This may
facilitate early intervention to improve voice outcomes. Any responsiveness to therapy
will also inform models of care to ascertain whether voice care should be routinely,
prospectively offered to children born very preterm. Additionally, the information
regarding the diagnostic accuracy and responsiveness to therapeutic change of the
AVQI will be applicable to a wider cohort of children with dysphonia and it has the
potential to be used as both an assessment and outcome measure.
6.7 Funding
This study is being funded by a Telethon grant, which is administered by the Women
and Infants Research Foundation.
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7.1 Abstract
Background and objective
Very preterm children may be at risk of dysphonia. Risk factors previously identified in
children born extremely preterm include female gender, multiple intubations,
complicated intubation and very low birthweight. This study sought to identify the
incidence of dysphonia in very preterm compared with term children, at school age.
Methods
Children born between 23 and 32 weeks gestation were included in this prospective
observational study. Participants were randomly selected from a sample stratified by
gestational age and number of intubations. A term-born reference group of children was
recruited to provide an estimate of the incidence of dysphonia in this community. All
participants were aged between 5 and 12 years at the time of assessment. Clinical voice
assessments were conducted by a speech pathologist, and a diagnosis of dysphonia was
made based on perceptual judgement of the presence and severity of disturbance to the
voice. Retrospective chart review identified medical and demographic characteristics.
Results
178 preterm and 98 term participants were assessed. The incidence of dysphonia in the
preterm cohort was 61.2%, with 31.5% presenting with dysphonia of greater than mild
in severity. Female gender, gestational age, and duration of intubation were
significantly associated with dysphonia although some preterm children with dysphonia
had never been intubated. The incidence of dysphonia in the term-born cohort was
30.5%.
Conclusion
Significant voice abnormalities were observed in children born at up to 32 weeks
gestation. Intubation was a major contributing factor. Further research is needed into
factors associated with adverse outcomes in girls and children without a history of
intubation.
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7.2 Introduction
Dysphonia refers to a disruption in voice quality, i.e., the sound produced as exhaled air
sets the vocal folds into vibratory motion for speech production. A voice is considered
dysphonic when it differs from norms for age, gender, culture and/or stature, or impedes
participation in academic, social or employment activities.7
Dysphonia following preterm birth is a newly-reported clinical entity. Early case reports
linked dysphonia in preterm infants with invasive ventilation via endotracheal tube
(ETT).13 Our laboratory has demonstrated an increased risk of adverse voice outcomes
in females and those who experienced greater than 5 episodes of intubation in children
born at <25 weeks gestation.129 Other studies have identified further risk factors,
including birth weight of less than 1,000 grams, birth at less than 27 weeks gestation,
emergency versus elective intubation procedure and surgical ligation of patent ductus
arteriosus (PDA).111,129,131 All participants in these studies were born extremely preterm,
yet later-born preterm children may also be vulnerable to these risk factors. Infants born
at up to 32 weeks gestation (i.e., born very preterm) may require invasive ventilation,
albeit with decreasing frequency as gestational age increases.214 Therefore, very
preterm children may also be at risk of dysphonia, although research investigating this
hypothesis is lacking in the literature.
The majority of studies to date have focussed on intubation of preterm infants, yet
factors other than intubation are known to affect voice quality. Firstly, respiration for
phonation may be compromised by chronic lung disease, which is a potential
consequence of preterm birth.73 Secondly, dysphonia has been reported in adults with a
clinically significant PDA, which was not treated with surgical ligation, following
extreme preterm birth.111 The link between surgical ligation and voice disturbance
arising from damage to the left recurrent laryngeal nerve is established, yet the causal
mechanisms of dysphonia associated with clinically significant, persistent PDA have yet
to be explored.111 Thirdly, hyperfunctional use of the vocal mechanism is a common
cause of dysphonia in childhood.197 Such use of the vocal mechanism to compensate for
underlying laryngeal pathology has been documented in preterm children, yet there are
no studies investigating the magnitude of the problem in this population.69 In order to
further explore non-intubation related risk factors for long-term voice difficulties,
inclusion of a sample of very preterm children who were not intubated is essential.
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We sought to replicate our previous findings in extremely preterm children, and expand
the investigation to include those children potentially at risk of adverse voice outcomes,
by recruiting a new cohort of preterm children in the expanded gestational age range of
23-32 weeks. This study aimed to evaluate voice quality in a sample of very preterm
children and compared this with term children, at school age.
7.3 Patients and Methods
The study was approved by the Princess Margaret Hospital Human Research Ethics
Committee and the University of Western Australia Human Research Ethics Office. The
trial is registered with the Australia and New Zealand Clinical Trials Registry
(ACTRN12613001015730), as it formed the first phase of a three-phase study, the final
phase of which was an intervention trial. The study design has been described elsewhere
and is unchanged (Chapter 6).139 A summary of the study design is provided below.
7.3.1 Participants
Preterm participants were recruited from discharge records at King Edward Memorial
Hospital and were born between 23 and 32 weeks gestation between 2001 and 2007.
Exclusion criteria were distant residence (>200km from metropolitan Perth) and known
disability likely to preclude successful assessment. Participants were randomly selected,
according to medical record number, following stratification into groups based on
gestational age and number of intubations. A term-born reference group of 95 children,
aged between 5 years and 3 months and 12 years and 11 months at the time of
assessment, was recruited via community volunteers. Recruitment criteria included no
history of or known risk factors for voice difficulties, no general anaesthetic within the
previous fortnight and no current upper respiratory tract infection and were ascertained
on telephone interview with a parent or caregiver prior to recruitment. No member of
the reference group presented with concerns regarding voice quality. Thirty eight termborn children were recruited in a previous study by our laboratory and the remainder
were prospectively recruited for this study. Written, informed consent was obtained
from each participant’s parent or caregiver, with child assent collected where
appropriate. This research was conducted in accordance with the Code of Ethics of the
World Medical Association (Declaration of Helsinki).
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7.3.2 Clinical assessment
Clinical assessment consisted of the administration of a perceptual rating scale, the
Consensus-Auditory Perceptual Evaluation of Voice 4, and an objective, acoustic
assessment, the Acoustic Voice Quality Index.2,140 Caregivers were asked to complete a
quality-of-life measure on behalf of their child, the Pediatric Voice Handicap Index.9
Retrospective chart review was used to record demographic variables and intubation
characteristics. Gender, gestational age, birth weight, number of intubations, duration of
intubation and endotracheal tube (ETT) size were available. Recording of procedural
complications and operator experience during intubations were inconsistent and
therefore not included in the analysis. Small for gestational age (SGA) status, tube size
to body weight ratio (the diameter of the ETT divided by the infant’s body weight in
kilograms at the time of procedure) and birth weight ratio (actual birth weight divided
by predicted birth weight; predicted birth weight is based on maternal and fetal factors
resulting in increased individualisation of this outcome measure compared to birth
weight alone)215 were calculated for each participant. Puberty status was elicited via the
caregiver-reported Growing and Changing Questionnaire, where participants were
classified into “pre-pubertal” or “going through puberty” based on the Tanner stages.6
7.3.3 Data analysis
All data were analysed using SPSS for Windows version 22 (SPSS Inc.; Chicago, IL).
Some data were not normally distributed. Logarithmic and square root transformation
did not change the normality of the distribution. It was judged that the sample size was
sufficient to use parametric tests to analyse the variables and stepwise logistic
regression to determine the best fit in the multivariable model.
Rater reliability was assessed using a random sample of 44 voices, which were deidentified. Ratings were conducted by an independent speech pathologist with
postgraduate experience in the assessment and treatment of paediatric voice disorders,
and the first author. Ratings were conducted over two sessions, at which consensus
training consisting of perceptual assessment of two samples in each category,
previously agreed to represent normal, mild, moderate and severely dysphonic voices. A
two-way, mixed, consistency single measures ICC was calculated using SPSS, and
weighted kappa statistics with VassarStats (Richard Lowry, PhD; Poughkeepsie, NY).
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7.4 Results
There were 2420 children born at ≤32 weeks gestation, admitted to the Neonatal
Intensive Care Unit (NICU) and subsequently discharged during the target recruitment
period. After excluding children with a known disability likely to preclude successful
assessment and those resident greater than 200 kilometres from the study centre,
potential participants were stratified according to gestational age and intubation
frequency (0, 1, 2 or 3+ intubations). The families of 391 children were invited to
participate in the study, and a total of 178 children successfully participated.
The overall incidence of dysphonia in the preterm participants was 61.2%, whereas the
incidence in term-born children was 30.5%. Dysphonia incidence and gestational age
can be seen in Table 7.1. Demographic characteristics of the preterm and term groups
can be seen in Table 7.2.
Table 7.1. Dysphonia incidence in preterm and term-born groups.
Normal
Disordered
Mild
Moderate
Severe

Term

23

24

25

26

27

28

29

30

31

32

Preterm

66
69.5%
29
30.5%

0
9
100%

8
32.0%
17
68.0%

4
17.4%
19
82.6%

6
25.0%
18
75.0%

8
42.1%
11
57.9%

5
27.8%
13
73.2%

13
65.0%
7
35.0%

13
65.0%
7
35.0%

8
53.3%
7
46.7%

4
80.0%
1
20.0%

69
38.8%
109
61.2%

21
22.1%
8
8.4%

1
11.1%
5
55.6%

2
8.0%
9
36.0%

6
26.1%
9
39.1%

9
37.5%
8
33.3%

8
42.1%
3
15.8%

10
55.6%
3
16.7%

5
25.0%
2
10.0%

6
30.0%
1
5.0%

5
33.3%
2
13.3%

1
20.0%
0

53
29.8%
42
23.6%

0

3
33.3%

6
24.0%

4
17.4%

1
4.2%

0

0

0

0

0

0

14
7.9%

Table 7.2. Demographic characteristics of preterm and term-born groups.
Preterm
Term-born
M = 55.1%; n=98
M=56.8%; n=54
F = 44.9%; n=80
F=43.2%; n=41
Age (yrs) (median, IQR)
7.67; 6.42-9.83
8.5; 7.0-10.58
Dysphonia
61.2%; n=109
30.5%; n=29
Significant dysphonia
31.5%; n=56
8.4%; n=8
M=male, F=female, IQR=interquartile range. Significant dysphonia = dysphonia
greater than mild in severity.
Gender

Univariable analysis, which can be seen in Table 7.3, showed a proportional
relationship between gender, number of intubations, duration of intubation, maximum
tube size, tube size to body weight ratio and increased severity of dysphonia. There was
an inverse relationship between gestational age and dysphonia severity. Birth weight,
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birth weight ratio and SGA status were not significantly associated with dysphonia
severity.
Table 7.3. Univariable analysis of demographic variables and intubation
characteristics
Variable
Gender (%)
Small for gestational age (%)
Gestational age (w)
Birth weight

Mean
55.1
(male)
9.0
(SGA)
27.17
1027.44

SD

Range

p value
<.001
.423

2.56
360.40

23 - 32
455 2240
.15 .54 – 1.32
2.44
0 - 11
18.08
0 - 87
2.0 – 4.0

<.001
.302

Birth weight ratio
.97
.407
Total number of intubations
2.54
<.001
Total duration of intubation
13.66
<.001
Maximum tube size (mm) (where
.005
used)
Maximum tube size to body weight
2.48
1.59
0 – 5.71
<.001
ratio
In the multivariable analysis using stepwise regression, gender (p = .009), gestational
age (p = .010) and total duration of intubation (p<.001) were significantly associated
with poor voice outcomes. Females demonstrated higher incidence of dysphonia than
males, although there were no statistically significant differences between males and
females on any other variable in the study, as can be seen in Table7. 4. There was an
inverse relationship between gestational age and dysphonia severity. Intubation for
longer durations was associated with increased dysphonia severity. There was no
significant relationship between total number of intubations (p =.287), maximum tube
size to body weight ratio (p =.428) and maximum tube size (p =.571). Our region has
very low PDA ligation rates and of the 178 very preterm children, only four had a PDA
ligation, three of whom had a transcatheter PDA closure and one required a
transthoracic procedure.
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Table 7.4. Analysis of demographic variables, intubation characteristics and gender of
preterm children.
Variable
Gender
Small for gestational age
Gestational age
Birth weight
Birth weight ratio
Total number of intubations
Total duration of intubation
Maximum tube size
Not intubated
2.0
2.5
3.0
3.5
Maximum tube size to body weight
ratio

Male
Mean (SD)/ n
(%)
98 (55.1%)
10 (10.2%)
27.46 (2.57)
1072.35 (380.70)
.98 (.16)
2.40 (2.41)
11.87 (17.05)

Female
Mean (SD)/ n
(%)
80 (44.9%)
6 (7.5%)
26.81 (2.53)
927.44 (327.87)
.96 (.14)
2.73 (2.51)
15.85 (19.15)

24 (24.5%)
1 (1%)
24 (24.5%)
48 (49.0%)
1 (0.6%)
2.28 (1.51)

16 (22.5%)
0 (0%)
25 (31.3%)
34 (42.5%)
3 (1.7%)
2.72 (1.67)

p value

.533
.091
.066
.410
.378
.144
.830

.069

7.4.1 Non-intubated children
Children born preterm who were never intubated were included in the study and a
proportion did present with dysphonia: 14 children (35%) presented with mild
dysphonia and 3 (7.5%) presented with moderate dysphonia. Severe dysphonia was not
observed in this group. A summary of the univariable analysis of demographic variables
of non-intubated preterm children can be seen in Table 7.5. As no significantly
influencing variables were identified, multiple regression was not performed.
Table 7.5. Demographic characteristics of preterm children who were not intubated.
Variable
Gender

Mean/n

SD/%

Range p value

24 male
24.5%
.858
16 female
20.0%
Small for gestational age
2
5.0%
.743
Gestational age
29.38
1.69
26 - 32
.716
Birth weight
1258.50
332.58 685 - 2010
.147
Birth weight ratio
.96
.14 .67 – 1.22
.377
There was a statistically significant difference in the incidence of dysphonia between
children who were and were not intubated, p = .002.

93

Chapter 7

7.4.2 Gender
Gender distribution of term-born participants (males = 57.7%) was similar to that in the
preterm group (males = 55.1%). However, there were no gender differences in the
incidence of dysphonia in the term-born reference group, p= .908.
In the preterm cohort, female gender was identified as significantly influencing the
likelihood of dysphonia in the multivariable model above. Information regarding
pubertal status of preterm participants is summarised in Table 7.6. Males were more
likely to present with dysphonia prior to the onset of puberty, p = .046. There was no
significant relationship between pubertal status and presence of dysphonia in females,
p >.05.
Table 7.6. Puberty status and dysphonia count data, by gender.

Gender

Male
Female

Total

Puberty status
Pre-pubertal
Going through puberty
Normal
Dysphonic Normal
Dysphonic
28
38
13
6
(42.4%)
(57.6%)
(68.4%)
(31.6%)
19
49
1
3
(27.9%)
(72.1%)
(25.0%)
(75.0%)
47
87
14
9
134
23

Total
85
72
157

7.4.3 Rater reliability
The single-measures ICC between raters for the CAPE-V severity score was .76 (95%
CI = .60 -.86), with a weighed kappa of .63, indicating a moderate to good level of
agreement between raters. The ICC within raters was .65 (95%CI = .44 - .79), with a
weighted kappa of .57, indicating a fair to good level of intrarater agreement. These
results indicate that the CAPE-V severity score assigned upon initial assessment is an
acceptable indicator of the presence and severity of dysphonia in this cohort.
7.5 Discussion
Mild dysphonia, generally relating to sustained and enthusiastic use of the voice, is
common in childhood.21 More severe voice disorders are rare in children, representing
less than 2% of cases referred for voice evaluation.28 In our term-born cohort, the
incidence of dysphonia was 30.5%. This figure reflects the large number of term-born,
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otherwise healthy children, who use their voices frequently and inefficiently in
childhood. This leads to mild disruption of the vocal signal, perceived as hoarseness.
Maturation in communication behaviour and pubertal changes to the structure and
function of the larynx in adolescence are associated with the resolution of childhood
dysphonia in many cases.22,34
Our data confirm that the majority of voice disorders seen in term-born children are of
mild severity and no term-born child in our cohort presented with a severe dysphonia.
Our data demonstrates that the incidence of voice disorder beyond that which would be
expected in otherwise healthy children was present in our cohort in children born at 32
weeks gestation and under. While non-intubated study participants also presented with
dysphonia, incidence of dysphonia was significantly greater in children who were
intubated. Thus, intubation appears to be a major factor contributing to voice problems
in this population. This is not a surprising finding, as intubation may be associated with
gross structural laryngeal damage in preterm children(Chapter 8).216 Further, the
histological structure of the infant vocal fold mucosa may also be damaged in the
neonatal period, potentially disrupting the process of differentiation from the singlelayered lamina propria present in newborns to the trilayered structure found in adults.
Greater than five episodes of intubation and complicated procedure have been
previously associated with dysphonia in extremely preterm children.129,131 In this very
preterm cohort, factors significantly associated with adverse voice outcomes in the
multivariable model were female gender, gestational age and total duration of intubation.
To the authors’ knowledge, this is the first such finding in a cohort of very preterm
children (≤32 weeks) at school age. Duration of intubation has been associated with
greater laryngeal injury in post-mortem studies following preterm birth, and is
correlated with deeper and more permanent ulceration to the laryngeal mucosa and
growth of tissue around the introduced structure.82,112 Data from this study indicates
that such laryngeal damage may translate to poorer functional voice outcomes
(Chapters 8 and 9).142,216 Surgical ligation of PDA has been associated with adverse
voice outcomes in extremely preterm children in some series.111 However, in this
preterm cohort, one child underwent the procedure, yet presented with a normal voice.
Therefore, surgical ligation of PDA is not a major factor associated with voice
outcomes in this study.
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These data also suggest an association between factors unrelated to intubation and voice
quality. The major, non-intubation related finding is the susceptibility of females to
more severe dysphonia in comparison to males. This is the second such report in the
literature, as we have previously showed this gender difference in our study of
extremely preterm infants (<25 weeks) and this finding remains true for this extended
preterm population 129 There were no significant differences between males and females
on any demographic characteristic or intubation variable, suggesting that sex- or genderrelated factors may underlie this increased risk. One possible explanatory variable is
sex or thyroid hormones, both of which are associated with voice changes due to their
influence on the composition of the vocal fold mucosa.217 In females, hormones may
result in interstitial fluid loss from the superior lamina propria, thus altering its vibratory
characteristics and thus the perceptual properties of the vocal signal. 217 In this cohort,
males going through puberty were less likely to present with dysphonia, but no such
relationship was observed in girls, which may have been due to the small sample size of
girls going through puberty. However, in term-born children, completion of puberty is
associated with a high likelihood of resolution of typical childhood voice problems,
more so in males than females.22 However, these results, if replicated, may suggest that
preterm girls may be less likely to experience improvement in voice quality with
puberty, similar to their term-born counterparts without structural laryngeal damage.
These features require larger numbers of cases in future studies, ideally via a
longitudinal study, as it may also elucidate the mechanisms underlying persistence of
typical childhood voice problems in term-born females following completion of
maturation.
Several children who were not intubated did present with moderate dysphonia beyond
what would be expected in term-born children, yet none of the demographic variables
investigated in this study was found to have a significant association with dysphonia
severity in that sub-group of children. These children’s voice difficulties may be
associated with other factors which were not explored in this study. Preterm infants are
at increased risk of iatrogenic pharyngo-oesophageal injury than their term-born
counterparts, suggesting susceptibility of the anatomy to medical intervention such as
intubation, feeding tubes and oral suctioning.218 Given the universal use of orogastric
feeding tubes in the very preterm population, we were not able to evaluate the possible
role of such tubes in preterm dysphonia in either intubated or non-intubated children.
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The relationship between premature birth and vocal fold mucosa is not well understood.
The composition of vocal fold mucosa contributes to the mass and tension of the vocal
folds, which is reflected in voice quality. At birth, the composition of the vocal fold
mucosa is a single layer of epithelium, with a high concentration of hyaluronic acid,
whereas in adults, the structure is trilayered.37 Differentiation commences in the second
or third month of life, but it is not yet clear whether this process is triggered by
gestation to term, or exposure to oxygen ex-utero.37 Therefore, changes to the histology
of the vocal fold mucosa could be associated with prematurity, or with the altered
gaseous environment of CPAP in comparison to unassisted breathing in room air. Other
long-term sequelae of very preterm birth include bronchopulmonary dysplasia persisting
into adulthood, which will limit the vital capacity available for phonatory support.219
Children with chronic lung problems may be prescribed inhaled corticosteroids, of
which dysphonia is a side effect.220 Bronchopulmonary dysplasia has been associated
with voice-related impairments in quality-of-life in preterm children, via caregiver
report, although this finding has yet to be correlated with voice quality as measured by
clinical assessment.95
This study had several limitations. The scope of this study was to investigate the
influence of demographic variables and intubation characteristics on functional voice
outcomes in very preterm children born at ≤32 weeks gestation. Visualisation of
laryngeal structures via laryngostroboscopy was not performed as part of this clinical
assessment. Whilst there is an imperfect correlation between laryngeal pathology and
voice quality, laryngeal imaging would elucidate the mechanisms underlying the
disruption to voice quality. Additionally, the demographic variables investigated in this
study did not include data pertaining to co-morbid health conditions associated with
voice production, as described above. Investigation into such factors in children with
and without a history of intubation may provide further information about risk factors
associated with long-term voice difficulties in very preterm children.
7.6 Conclusion
The incidence of dysphonia in very preterm children is higher than that of their termborn counterparts. Female gender, gestational age and total duration of intubation
increased the likelihood of voice difficulties at school age. A proportion of very preterm
children without an intubation history also presented with dysphonia, which is the first
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such report in the literature. No significant association between voice quality and the
demographic variables investigated in this study was identified in children who were
never intubated. Further research is needed to elucidate the factors associated with
adverse outcomes for females and children without a history of intubation.
Children born at up to 32 weeks gestation may be at risk of significant dysphonia at
school age. Routine screening for voice difficulties could be included in neonatal
follow-up programmes for such children.
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8.1 Abstract
Introduction: Intubation injury resulting in laryngeal pathology is recognised as a
possible complication of preterm birth, yet few published studies have examined such
pathology and its relation to voice outcomes. This study reports on the results of
prospective laryngeal function examinations of a cohort of very preterm children, all of
whom presented with significant dysphonia at school age.
Materials and methods: The laryngeal pathology of 20 very preterm children, born
between 23 and 29 weeks gestation, was examined under halogen and stroboscopic
conditions. Laryngeal structure and function were assessed using a rigid laryngoscope
or a flexible nasendoscope. The approach was selected based on the age and/or likely
compliance of the child.
Results: Nineteen children were found to have structural laryngeal pathology. Fourteen
children presented with a chink to the posterior glottis and all demonstrated at least a
mild degree of supraglottic hyperfunction. Other common findings were arytenoid
prolapse and vocal fold immobility. More isolated findings included posterior scar band,
vocal fold atrophy, arytenoid oedema and growth on the vocal folds. One child who
presented with structural laryngeal pathology was never intubated.
Discussion: Supraglottic hyperfunction was common to all participants, regardless of
the nature and extent of underlying structural laryngeal pathology. Posterior glottic
chink was the most common pattern of incomplete vocal fold closure. These data
support the hypothesis that very preterm children adopt supraglottic tightening to
compensate for underlying laryngeal pathology. The mechanism underlying laryngeal
damage in the child who was not intubated is unclear.
Conclusions: Voice quality of very preterm children is affected by both laryngeal
structure and function. A trial of behavioural voice treatment is recommended to
evaluate any therapeutic response in this population.
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8.2 Introduction
Dysphonia is defined as disruption in voice quality, and can affect individuals across the
lifespan.221 Dysphonia may arise from organic causes, or maladaptive use of the vocal
mechanism, or both. Individuals with organic dysphonia may adopt maladaptive
compensatory voicing strategies and while maladaptive use of the voice can result in
structural changes to the larynx, both of which result in further impairments to voice
quality.222,223
Advances in imaging technology have led to increased and more accurate diagnosis of
laryngeal pathology.79 Laryngeal damage has been identified as a potential
complication of endotracheal intubation following preterm birth (Chapter 2).133
Potential causes of structural injury include: initial placement of the endotracheal tube,
movement of the tube in situ, infection and tissue growth around the tube.64 Serious,
long-term laryngeal complications of prolonged endotracheal intubation in infancy
include: subglottic stenosis, acquired subglottic cysts, posterior glottic furrow, vocal
fold scarring, cricoarytenoid joint fixation and traumatic vocal fold
avulsion.13,29,69,82,115,126 Moderate to severe airway abnormalities post-extubation were
identified in up to 23.7% of preterm infants, and following intubation for as little as 24
hours.79,115
Dysphonia has been reported in preterm children, and associated with frequency of
intubation, female gender, birth weight, gestational age and emergency
intubation.111,129,131 Dysphonia in adulthood, associated with left vocal cord paralysis
following surgical ligation of patent ductus arteriosus in extreme prematurity, has also
been documented.111 Children with laryngeal injury following neonatal intubation may
adopt compensatory supraglottic hyperfunction, which is known to cause further
laryngeal damage beyond the initial injury, with associated disturbances in voice
quality.69,126 However, the majority of studies of laryngeal pathology pertain to infants
with few reports of voice quality. This is problematic for several reasons. Long-term
voice outcomes cannot be extrapolated or predicted from infant cries due to
physiological differences in infant larynges.224 Fibrosis and stenosis can develop up to
twelve months post-extubation and thus may not be reflected in voice quality in
infancy.29 Finally, lack of standardised reports of voice quality may result in
underestimation of the true morbidity of dysphonia in this population. Whilst the
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correlation between laryngeal pathology and functional voice outcomes is imperfect, an
understanding of the nature and extent of laryngeal pathology in preterm children will
elucidate the mechanisms underlying disordered voice production in this population.
8.2.1 Aims and hypotheses of this study
It is hypothesised that very preterm children who undergo endotracheal intubation in the
neonatal period are at high risk of long-term laryngeal injury, and that such injury will
be associated with dysphonia severity. Further, it is hypothesised that very preterm
children with laryngeal injury are more likely to adapt maladaptive strategies to initiate
and sustain phonation, which will manifest as supraglottic hyperfunction resulting in a
strained vocal quality.
The aim of the study was to determine the nature and extent of laryngeal pathology in
this cohort. Prospective examination of the laryngeal structure and function of a cohort
of very preterm children at school age with moderate to severe dysphonia was
conducted.
8.3 Materials and methods
The study design and methodology has been described elsewhere and is unchanged
(Chapter 6).139 A brief summary of participant characteristics and assessment
methodologies is set out below.
8.3.1 Participants
Two hundred and fifty children underwent clinical voice assessment to determine the
incidence, presentation and severity of dysphonia in very preterm children across two
studies (Chapter 7).129,225 Participants were recruited from a total of 1,851 NICU
discharges born at ≤32 weeks gestation and were aged between 4 years and 11 months
and 15 years and 10 months at the time of initial assessment. Each study was approved
by the Princess Margaret Hospital Human Research Ethics Committee. The pilot study
investigated voice quality in children born at <25 weeks gestation. Due to the small
number of children, all NICU discharges were invited to participate. The second study
investigated voice outcomes in children born at ≥32 weeks gestation, who were
stratified according to gestational age and number of intubations recorded on their
NICU discharge summary. After exclusion of children with known disabilities likely to
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preclude successful assessment and those residing >200kms from the study centre,
participants were randomly selected.
Across the two incidence studies, ninety four participants presented with dysphonia that
was greater than mild in severity. Three were lost to contact between the study phases;
35 declined further assessment as their parents were not concerned about their child’s
voice quality. The families of 25 children refused nasendoscopic evaluation. The
families of 31 children consented and 20 children have undergone the procedure, with
an additional 2 refusals at the time of procedure and one unsuccessful attempt due to the
small stature of the child.
8.3.2 Clinical assessments
Each participant underwent a clinical voice assessment by a speech pathologist with
post-graduate experience in the assessment and treatment of paediatric voice disorders.
The assessment consisted of a perceptual evaluation with the Consensus Auditory
Perceptual Evaluation of Voice (CAPE-V)4, acoustic analysis of the voice signal with
the Acoustic Voice Quality Index (AVQI)163 and a caregiver-proxy quality of life report,
the Pediatric Voice Handicap Index9. The CAPE-V is rated by a trained listener, on a
visual analogue scale, where 0 represents normal voice and 90 represents severe
dysphonia. A severity score of greater than 0 is considered dysphonic, with increasing
score reflecting increased severity of disturbance to the voice. The AVQI is a new,
objective assessment measure and is presently used for discriminating normal from
dysphonic voices in children. The threshold for pathology of the AVQI in paediatric
voice is 3.46, with a higher score representing greater disruption in the voice signal.140
On the pVHI, children with normal voices score ≤2.
8.3.3 Laryngeal assessments
Participants were aged between 6 years and 6 months and 17 years and one month at the
time of laryngeal examination. Oral (rigid) approach or nasal (flexible) approach was
selected by the administering otorhinolaryngologist based on the age and likely
compliance of the participant, in consultation with the family where appropriate. Cophenylcaine was administered via the nares bilaterally prior to the introduction of the
scope into the respiratory tract. Task instructions were administered by a speech
pathologist with post-graduate experience in the assessment and treatment of paediatric
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voice disorders. Speech targets were elicited to facilitate completion of the Stroboscopy
Evaluation Rating Form (SERF) and included sustained phonation of a close-front
vowel at comfortable pitch and loudness, at maximum loudness, at lowest and highest
pitch, ascending and descending pitch glides, rote speech and inhalation phonation10.
All participation was carried out under informed caregiver consent and child assent
where appropriate. This research was conducted in accordance with the Code of Ethics
of the World Medical Association (Declaration of Helsinki).
8.4 Results
Participant medical, demographic and voice characteristics are described in Table 8.1.
Thirteen participants were female. Whilst participation in this study was voluntary, the
larger number of female participants reflects the higher incidence of dysphonia found in
females in this cohort129. Variables included were those with a demonstrated link to
dysphonia following preterm birth. One participant underwent PDA ligation reflecting
the rare occurrence of this procedure in very preterm infants in this region. All
participants experienced enteral feeding via nasogastric tube. A comparison of
characteristics of participating and non-participating children is presented in Table 8.2.
A summary of laryngeal findings for each participant can be seen in Table 8.3. It can be
seen that each participant presented with both structural laryngeal pathology and
supraglottic hyperfunction. Count data for laryngeal diagnoses are set out in Table 4. It
can be seen that glottic incompetence was the most common structural laryngeal
pathology observed. Figure 8.1 shows the breakdown of glottic closure patterns. Images
of each participant’s larynx during phonation and at rest can be seen in the
supplementary material in Figure 8.2.
In order to assess reliability of perceptual judgements, a sample of voice recordings
were de-identified and rated by an independent speech pathologist with postgraduate
experience in the assessment and treatment of paediatric voice disorders. The average
ICC between raters for the CAPE-V severity score was .648 (95% CI .360-.806), with a
weighed kappa of .36, indicating a fair level of agreement between raters. The deidentified samples were also re-rated by the first author. The average ICC within raters
was .752 (95%CI .590-.856), with a weighted kappa of .56, indicating a moderate to
good level of intrarater agreement. These results indicate that the CAPE-V score was a
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reliable measure of dysphonia severity in this cohort. Further, Pearson’s correlation coefficient between the CAPE-V severity scores and the AVQI scores was .647, indicating
a moderate correlation which was considered acceptable given the small sample size of
the study cohort.
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Table 8.1. Demographic, medical and voice characteristics of extremely preterm
children, who underwent endoscopic evaluation of laryngeal structure and function at
school age.
Case

Gender

GA

BW

Number of

Duration

CAPE-V

AVQI

(g)

intubations

of

severity

score

intubation
(days)
1.

M

25

650

4

28

50

6.60

2.

F

25

640

10

47

90

5.65

3.

F

23

560

16

69

50

6.62

4.

F

24

565

9

90

66

6.42

5.

F

24

755

5

35

50

7.20

6.

F

24

585

7

64

50

4.98

7.

F

24

685

6

49

50

3.43

8.

F

23

630

6

41

50

6.85

9.

F

24

550

8

57

74

6.16

10.

M

24

685

5

43

30

4.32

11.

M

23

705

7

65

50

3.75

12.

F

23

460

9

81

90

7.77

13.

M

24

570

3

41

70

5.09

14.

F

24

570

4

31

70

7.36

15.

M

24

600

10

69

50

5.21

16.

F

23

665

9

92

70

5.24

17.

M

23

470

8

66

80

3.16

18.

F

23

630

7

50

50

3.78

19.

M

29

1335

0#

0

50

5.49

20.

F

28

1010

0#

0

50

3.92

# nasal CPAP only respiratory support
GA = gestational age, BW = birth weight, CAPE-V = Consensus Auditory Perceptual
Evaluation of Voice4, AVQI = Acoustic Voice Quality Index163
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Table 8.2. Characteristics of participating versus non-participating very preterm
children.
Characteristic

Participating
n = 23
M (SD) or # (%)

Non-participating
n=71

p value

Gender
M
9 (24%)
28 (76%)
.94
F
14 (25%)
42 (75%)
CA
9.75 (2.94)
8.86 (2.62)
.21
BW (grams)
671.96 (239.83)
751.76 (255.67)
.18
GA (weeks)
24.35 (1.72)
24.38 (1.34)
.93
Number of
6.39 (3.68)
4.90 (2.02)
.07
intubations
Duration of
48.39 (25.72)
34.24 (16.88)
.02
intubation (days)
Maximum tube size
4.02 (1.75)
3.96 (.84)
.85
to bodyweight ratio
Maximum tube size
2.58 (1.06)
2.79 (.46)
.21
GRBAS Grade
2.09 (.42)
2.03 (.52)
.59
GRBAS Mean G
1.77 (.43)
1.56 (.43)
.05
score
AVQI score
5.34 (1.06)
5.14 (1.26)
.48
pVHI score
39.09 (20.88)
25.15 (18.38)
.01
CA = chronological age; BW = birthweight; GA = gestational age; GRBAS = Grade,
Roughness, Breathiness, Aesthenia and Strain scale; AVQI = Acoustic Voice Quality
Index; pVHI = Pediatric Voice Handicap Index.

Patterns of glottic closure in very
preterm children
5%

Posterior gap
5%
Incomplete longitudinal
closure with posterior
gap

10%
10%

55%

Irregular

15%
Complete
Spindle

Figure 8.1. Patterns of glottic closure in very preterm children.
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Table 8.3. Laryngeal pathology of very preterm children, who underwent endoscopic evaluation of laryngeal structure and function at school age.
Number
1.
2.
3.

Vocal cords
Decreased mucosal wave

4.

Right VC atrophy and
stiffness

5.

Right VC atrophy

6.

Impaired mucosal wave and
atrophy of right VC
Right VC atrophy with divot
Left VC atrophy, immobility

7.
8.

Tissue changes
Bilateral nodules.

Supraglottic compression
Moderate in both planes
Moderate in both planes, impeding assessment of mucosal wave
Severe in both planes, impeding assessment of mucosal wave

Phase
closure
Breathy

Moderate anteroposterior constriction, moderate right and mild left
mediolateral constriction

Cyst right VC

Severe compression in both planes, impeding assessment of mucosal
wave
Severe compression in both planes, impeding assessment of mucosal
wave
Severe supraglottic constriction in both planes
Moderate anteroposterior supraglottic hyperfunction, mild to moderate
mediolateral compression.
Inconsistent, mild to moderate mediolateral and posterior
Severe hyperfunction in all planes impeding assessment of mucosal
wave
Mild in both planes

Breathy

Breathy

9.
10.

Mild right VC atrophy

11.

Left VC atrophy with
immobility

12.

Atrophy and decreased
mucosal wave of right VC

Mild mediolateral compression with severe anteroposterior compression

13.

Right VC atrophy

14.

Left VC atrophy with absent
mucosal wave
Reduced amplitude and
mucosal wave

Severe, right-sided mediolateral compression, moderate anteroposterior
compression
Severe mediolateral

Breathy

Moderate mediolateral and severe posterior

Normal

15.
16.
17.

Possible nodules
bilaterally.

18.
19.

Left VC cysts x 2

Oedematous VCs bilaterally

Breathy

Arytenoid status
Oedematous
Left prolapse
Bilateral prolapse L>R
Stiff left CAJ
Stiff right CAJ

Hyperfunctioning right
arytenoid

Mild right prolapse
Hyperfunctioning right
arytenoid

Moderate anteroposterior and mild mediolateral.

Right arytenoid prolapse

Severe supraglottic constriction in both planes, impeding assessment of
mucosal wave
Severe compression in both planes, impeding assessment of mucosal
wave
Mild mediolateral compression

Oedematous

Left VC cyst Sulcus
left VC.
Bilateral VC
Mild mediolateral and moderate posterior
20.
nodules.
VC = vocal cord, CAJ = cricoarytenoid joint, PDA = patent ductus arteriosus

Comments

Interarytenoid scar band
Underwent surgical ligation of
PDA. Approach by posterolateral
thoracotomy via fourth intercostal
space.

Right supraglottic cyst

Mucous on VCs+++
Possible early reflux changes
(oedematous interarytenoid mucosa)
Larynx rotated to posture and
unequal extralaryngeal tension.
Resistant to re-posturing
Mucous anterior commissure

Irregular epiglottis with tissue
deviated to left
Laryngitis

Oedematous
Was not intubated.
Pressed

Was not intubated.
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8.5 Discussion
There was considerable heterogeneity of clinical presentations in this cohort, which
reflects the individual nature of the children’s health status and medical care. Intubation
and ventilation were common characteristics in the cohort, yet factors such as duration
and number of re-intubations were varied. Further, long-term health outcomes were
varied among the cohort. Many children presented with persistent chronic lung disease
and were prescribed corticosteroids: both factors may affect voice quality. Investigation
of respiratory health was outside the scope of this study, but could be considered for
further investigation.
Characteristics of participants were compared with children who were eligible for
inclusion but declined. Demographic variables were equivalent between groups. Some
differences in intubation characteristics were observed between the groups, yet
comparison of voice characteristics demonstrated that both groups experienced a similar
degree of disturbance to voice quality and its impact on quality of life. Whilst the
difference in CAPE-V severity score between the groups trended toward statistical
significance, both scores represented a moderate voice disturbance on perceptual
assessment. The results therefore suggest clinical equivalence in voice disruption
across the cohort.
8.5.1 Structural laryngeal pathology
Laryngeal damage associated with medical intervention in the neonatal period resulted
in disruptions to voice quality at school age in this cohort of very preterm children. All
underwent mechanical ventilation following birth, with endotracheal intubation
administered in eighteen of the children. During the first month of life, the infant vocal
fold mucosa is comprised of a single layer, high in concentration of hyaluronic
acid.37,226 Layers of the lamina propria begin to emerge after the second month of life43.
Vocal fold injury sustained in this period may persist in the long term and disrupt
differentiation of the trilaminar structure, which continues throughout childhood43.
Whether preterm birth itself may interrupt this process is currently unknown. Arytenoid
subluxation is hypothesised to have occurred during tube placement, and was associated
with hypermobility and CAJ stiffness in this cohort. 227Glottic incompetence was
common among this cohort, with posterior gap accounting for the majority of cases. It is
proposed that this phenomenon arises due to erosion of the vocal process from
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placement of the endotracheal tube in the posterior portion of the glottis. Posterior
glottic incompetence is common in adult female speakers, yet was observed in nineteen
participants, beyond the expected level in term-born, non-intubated speakers.
Incomplete longitudinal closure was associated with vocal fold atrophy, where observed.
The absence of intubation granuloma and significant subglottic stenosis was not a
surprising finding. These conditions are commonly reported following prolonged
intubation. Both intubation granuloma and subglottic stenosis may affect airway
patency to such a degree as to warrant surgical intervention. It is likely that severe
cases would have been treated early in life, upon identification of airway limitations.
Yet, any degree of subglottic stenosis may result in increased phonation pressure
threshold, facilitating over-activation of the supraglottic musculature on initiation of
phonation. Intubation granuloma may, depending on location, result in irregular vocal
cord vibration and/or incomplete closure. Thus it can be seen that less severe cases may
manifest only in disordered voice production, without airway compromise. To the
authors’ knowledge, this cohort forms the largest sample of very preterm children to
undergo laryngeal examination at school age. However, conclusions about the absence
of these pathologies in this cohort may not generalise to the entire very preterm
population.
The finding of right vocal cord paralysis in the female participant who underwent
surgical ligation of PDA was unexpected. However, the left-sided approach to the
ductus was confirmed on retrospective chart review suggesting that the recurrent
laryngeal nerve was spared during the procedure and the structural laryngeal damage
was most likely to have been sustained during intubation. Such cases rarely occur in
children, but have been reported in the literature.228 Therefore, in this cohort, surgical
ligation of PDA was not linked to dysphonia in any participant. Whilst PDA ligation has
been associated with poor long-term voice outcomes in extremely preterm children in
some series, it is apparent that intubation is the major significant risk factor for
structural laryngeal damage in our cohort.
8 5.2 Effects of laryngeal pathology on voice quality
The vocal parameter of roughness reflects the acoustic perception of variation in pitch
and/or amplitude in the voice signal, caused by irregular vocal fold vibration. Potential
causes of irregular vibration observed in this cohort were vocal cord growths, including
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cysts and nodules, vocal fold atrophy and immobility. One or more of these pathologies
was identified in three quarters of the children. Incomplete glottic closure, regardless of
closure pattern, was associated with audible excess air escape during phonation in this
cohort.
Each participant presented with a degree of supraglottic hyperfunction, which
manifested as strained voice quality. It is hypothesised that this behaviour resulted in a
higher degree of disturbance in the voice signal than would be expected from the
structural laryngeal pathology alone. In six cases, supraglottic tightening was such that
mucosal wave was unable to be assessed due to obscuration of the vocal folds during
phonation. Vocal hyperfunction is common in childhood.197 Many term-born, otherwise
healthy children develop mild dysphonia as the result of overuse of the voice, e.g.,
sustained use of the voice, voice use at loud volumes. Such behaviour may be amenable
to voice therapy.175,190,191,197 It is currently unclear whether voice therapy would have
any effect on the voice quality of children whose vocal hyperfunction is secondary to
underlying structural pathology, such as the very preterm participants in this study.
However, given the potentially significant impact of dysphonia on the quality of life of
affected children, a trial of behavioural voice therapy in such cases is warranted.
8.5.3 Laryngeal findings in non-intubated children
Three children who were never intubated presented with moderate dysphonia and
consented to laryngeal examination. One child withdrew consent immediately prior to
the procedure. Structural laryngeal injuries were identified in the male child who
underwent examination. Hoarseness was observed at a developmental review at the
corrected age of two years, suggesting that dysphonia arose early in life. There were no
other indicators of potential laryngeal injury: thus, the cause of his voice difficulty is
unclear. The female child presented with primary muscle tension dysphonia, with no
other overt signs of laryngeal pathology. Similarly, there were no other indicators of
potential laryngeal injury. Severely hyperfunctional voice use may the sole cause of her
dysphonia, as evidenced by pressed phonation, supraglottic hyperfunction and bilateral
vocal fold nodules. However, in the case of the male, supraglottic hyperfunction is less
likely to have had a causative relationship with the structural laryngeal pathology
observed. He presented with a large posterior glottic gap and sulcus vocalis. The
converse is a more likely explanation, with over use of the supralaryngeal musculature
111

Chapter 8

representing an attempt to achieve vocal cord closure during phonation, in the presence
of the glottic gap. Both children presented with hyaline membrane disease in the
neonatal period and were treated with nasal CPAP using Hudson prongs. In the absence
of any other indicators, and given the history of persistent dysphonia, it is hypothesised
that CPAP treatment may be a contributing factor. Alternatively, nasogastric tube
syndrome has been reported as a source of laryngeal damage in some infants, although
as yet, there are no reports of long-term laryngeal outcomes in such children.229 Further
investigation is warranted, although this phenomenon appears to be rare.
The structural pathology and hyperfunctional use of the larynx in this cohort were
reflected in clinical assessments of vocal quality. It can be seen that laryngeal injury
sustained following very preterm birth persists into school age. Yet, it is not known
whether there is any spontaneous recovery. Some of the participants in this study had
undergone previous laryngeal evaluation, either with awake nasendoscopy or
laryngoscopy under general anaesthetic. These evaluations were carried out at multiple
institutions by a number of practitioners and the results were therefore not available to
the authors of this study. Based on parent report, it appears that some children may
experience changes to the larynx. For example, the mother of case 8 reported that
previous investigations had identified a “completely flaccid” left vocal cord in her
daughter. However, at the age of fifteen, on participation in this study, the mobility of
the left vocal cord was impaired, not absent. Whilst this observation is based on parent
report rather than clinical assessment results, it was not isolated in the cohort. A
longitudinal study of laryngeal structure and function in very preterm children would
elucidate the nature and extent of any spontaneous recovery.
8.6 Conclusion
Structural laryngeal pathology was observed in school-aged very preterm children with
significant voice abnormalities. Most of the participants presented with roughness,
breathiness and strain audible in their voices. Intubation was a major contributing factor,
yet two study participants were not intubated. Regardless of underlying laryngeal
pathology, each child adopted compensatory supraglottic tightening behaviours during
phonation. Investigation of the efficacy of treatment for dysphonia related to preterm
birth is recommended.
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Figure 8.2 Supplementary Material.
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9.1 Abstract
Many more children than ever before survive and thrive following preterm birth.219 To
date, research has focussed on medical, developmental, neurological, and behavioural
outcomes. As the number of surviving children increases and survivors reach school
age and beyond, it has become apparent that many children experience difficulties with
voice production (Chapter 7).129,225 Following preterm birth, endotracheal intubation
may be necessary to deliver surfactant or relieve respiratory distress during the
neonatal period 73. Intubation injury to the larynx and resultant dysphonia are well
described in the literature (Chapter 8).69,216 This article presents a brief review of the
literature relevant to intubation-related injury following preterm birth and two case
studies of voice outcomes following a trial of behavioural voice therapy in extremely
preterm children who were intubated.
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9.2 Introduction
In the majority of studies published regarding neonatal intubation injury in preterm
children, the primary focus is laryngeal pathology affecting airway patency.79
Dysphonia associated with intubation injury has been reported in children born at up to
36 weeks gestation, yet few studies describe its treatment.13,69,71,79,126,130 Dysphonia in
childhood is now recognised to have potentially significant adverse effects on quality of
life 9, thus the focus of research pertaining to neonatal intubation injury has recently
expanded to include long-term voice outcomes (Chapter 7).129,131,225
However, this area of research is still in its infancy and consistent reporting of outcomes
is yet to be achieved. Further, in many reports, while dysphonia was described as a
symptom of laryngeal pathology, its treatment was not described. 13,71,115 Further studies
are required to identify the prevalence of dysphonia, along with an exploration of the
appropriate treatment approaches.
9.3 Aetiology of Intubation-Related Dysphonia in Preterm Children
The only large-scale studies that reported intubation-related voice outcomes refer to
children born extremely preterm.129,131 Dysphonia in infancy has been linked with birth
weight of < 1,000 grams, birth at < 27 weeks gestation, and emergency intubation.131 In
school-aged children, female gender and number of re-intubations was strongly
associated with adverse voice outcomes.129 These findings indicate that intubation is a
factor that strongly influences voice outcomes in extremely preterm children, but more
research is needed to better understand the exact conditions under which the risk of
developing persistent dysphonia increases. To date, none of these findings have been
replicated. There is also evidence that some children may adopt hyperfunctional voicing
strategies to compensate for underlying laryngeal injury.69
The mechanisms of dysphonia following preterm birth are not yet well understood. In
those children with a history of very preterm birth and dysphonia evaluated by our
pediatric otorhinolaryngology service, we have found a variety of pathologies, including
vocal fold scarring, cysts, stenosis, sulcus vocalis, arytenoid dislocation, and cord
paralysis. However the numbers are not large at present and we are currently conducting
studies to gain a better understanding of the nature and frequency of the underlying
pathologies. Other, non-intubation-related causes of dysphonia may occur in preterm
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children. Surgical ligation of patent ductus arteriosus may cause paralysis of the left
vocal cord that persists into adulthood, in which dysphonia may result.111 Pulmonary
disease is common in preterm children but, while caregivers of preterm children with
bronchopulmonary dysplasia report more voice-related quality of life restrictions than
those without, any link with functional voice outcomes has yet to be explored.94,95 There
are no reports in the literature of any causal or correlated factors pertaining to medical
co-morbidities.
9.4 Treatment of Intubation-Related Dysphonia in Preterm Children
Some intubation-related laryngeal pathology, such as posterior glottic furrow and
incomplete vocal fold closure, may be amendable to surgical intervention.69,126 Many
experts recommend behavioural voice therapy as an adjunct to such management or as a
precursor to surgical intervention in cases where invasive intervention prior to puberty
is contraindicated.69,230 Yet specific therapy techniques are not well described in the
literature. Of the literature that reported dysphonia as a symptom of preterm intubationinjury, two studies described voice outcomes following treatment. One case study
reported surgical management only,126 while the other case series reported behavioural
voice intervention.69 Behavioural management recommended for incomplete
approximation of the vocal folds included promoting firm glottal onsets, deconstriction
exercises, and targeting increased vocal loudness. A therapeutic focus on improving
breath support for voice was reported to result in decreased inspiratory phonation and a
reduction in muscular tension during voice production. Specific detail of the therapy
activities was not described.
One exception is impairment in vocal loudness. Compensatory strategies such as
environmental changes in the school and voice amplification systems were used for
children with soft, weak voices.69 This may be beneficial for increasing communication
effectiveness but will not lead to alterations in voice quality. Thus, there is need to
investigate the effectiveness of specific treatment strategies in intubation-related
dysphonia in preterm children, and to provide sufficient description for replication in
clinical practice.
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9.5 Case Presentations
The case studies were recruited as part of a large-scale study of the incidence of
dysphonia in very preterm children and response to intervention (Chapters 6 and
7).139,163 The research hypothesis regarding aetiology of dysphonia in this cohort was
that of structural laryngeal damage following intubation in the Neonatal Intensive Care
Unit (NICU) accompanied by compensatory, hyperfunctional supraglottic compression
during voice production. Pre- and post-intervention assessments consisted of subjective
evaluation with the Consensus Auditory-Perceptual Evaluation of Voice (CAPE-V),4
objective assessment of the voice signal with the Acoustic Voice Quality Index
(AVQI),140 and a caregiver-proxy quality-of-life report, the Pediatric Voice Handicap
Index (pVHI).9 The therapy protocol consisted of vocal hygiene counselling for the
child and their caregiver, instruction in diaphragm-driven breathing and breath support
for speech, laryngeal relaxation via the yawn-sigh and silent giggle manoeuvres, easyonset phonation, and resonant voice therapy.
9.5.1 Case 1
A 10-year-old female, born at 25 weeks gestation weighing 640 grams, was recruited.
She was intubated 8 times for a total duration of 52 days. One difficult intubation was
noted in the medical record. She presented with severe dysphonia and endoscopic
evaluation of laryngeal function and voice therapy were indicated. Both she and her
caregiver reported significant, longstanding concerns with her voice. Her complaints
included being the subject of teasing at school because her voice “sounded like a boy”,
and her caregiver reported concerns at the physical limitations imposed by the voice, as
well as emotional consequences of being subjected to teasing. Endoscopic evaluation
was performed at age 11 and revealed left arytenoid prolapse with decreased vocal fold
mobility. There was a posterior chink between the vocal cords and vocal nodules
bilaterally. Voice therapy was recommended. Significant supraglottic compression was
observed in the anterior-posterior and mediolateral planes (Figures 9.1 and 9.1a). She
attended eight sessions of voice therapy and was fully compliant with home practice.
Following voice therapy, arytenoid prolapse persisted, but improved vocal fold closure
and mucosal wave were noted bilaterally. Vocal nodules had completely resolved. Preand post-intervention voice data can be seen in Table 9.1. Subjectively, her caregiver
reported that she was able to use her “new voice” approximately half of the time and
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was continuing to increase its use in everyday situations as the therapy strategies
became habituated. She also reported “losing her voice” following a concert just prior to
her final clinical evaluation, but used the strategies learned in therapy to regain her
voice. Prior to therapy, her caregiver stated that she had little knowledge of the factors
underlying the disturbances in voice quality, other than the “tubes” having caused the
problem. Following endoscopy, both demonstrated insight into the nature and
symptoms of the structural laryngeal pathology observed. At the conclusion of therapy,
both demonstrated understanding of the impact of dysfunctional voicing behaviours on
voice and the ability to use techniques learned in therapy to maintain acceptable voice
quality.
9.5.2 Case 2
A 6-year-old male born at 25 weeks gestation weighing 650 grams was recruited. He
was intubated four times for a total duration of 28 days. He presented with moderate
dysphonia, and his caregiver requested endoscopic evaluation of laryngeal function and
voice therapy. She reported that he had cried at birth, prior to resuscitation, and that her
perception was of a normal, infant cry. She reported that her significant concerns with
his voice quality had arisen upon hearing his infant cries following NICU discharge,
which she perceived were hoarse. She reported a strong belief that his dysphonia had
arisen as a result of intubation, and that his voice quality had remained consistently
impaired. Endoscopic evaluation revealed arytenoid prolapse bilaterally with
supraglottic tightening. There were signs of reflux changes, including arytenoid oedema.
Vocal folds were scarred and oedematous bilaterally (Figure 9.2). Anti-reflux mediation
was prescribed. He attended eight sessions of voice therapy and his caregiver reported
that he was not compliant with home practice activities, despite her best efforts to
encourage him. Follow-up endoscopic evaluation was not performed. Pre- and postintervention data can be seen in Table 9.1. Subjectively, his caregiver reported that she
felt equipped to support him to continue to develop his voice skills on an ongoing basis.
She reported understanding of voice misuse behaviours, e.g., the supraglottic tightening,
its effect on voice quality and implementation of voice therapy techniques to decrease
such behaviours.
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Table 9.1. Voice assessment scores pre- and post-intervention
Case

Pre CAPEV score

Post
CAPE-V
score

Pre AVQI
score

Post AVQI
score

Pre pVHI
score

Post pVHI
score

1

90

50

5.37

4.12

45

33

2

50

41

6.60

6.09

27

25

Figure 9.1. Case 1 prior to therapy. Endoscopy image shows arytenoid prolapse and
significant mediolateral supraglottic hyperfunction.

Figure 9.1a. Endoscopy image shows right vocal fold oedema, arytenoid prolapse and
left vocal fold atrophy.
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Figure 9.2. Case 2 prior to therapy. Endoscopy image shows antero-posterior
supraglottic hyperfunction, vocal cord oedema and scarring and arytenoid oedema and
prolapse.
9.6 Discussion
Both children in the aforementioned case studies experienced a decrease in dysphonia
severity, from severe to moderate in one case and from moderate to mild-to-moderate in
the other. Observable laryngeal pathology was reduced in the child who underwent
follow-up endoscopic evaluation. Neither child experienced a complete resolution of
dysphonia, suggesting that behavioural voice therapy alone may not be sufficient to
normalise voice quality in extremely preterm children.
The main persisting subjective complaint for both children was lack of power to the
voice. The decrease in supraglottic activity during phonation may have been a
contributing factor. Increases in volume may have been achieved by supraglottic
tightening and subsequent increased vocal fold approximation. Decreases in supraglottic
activity were associated with decreased strained quality to the voice and increased
intelligibility. Intervention targeting increasing vocal loudness while maintaining
minimal laryngeal effort, such as twang, could be trialled with this population.
The female patient achieved better outcomes than the male patient. It is hypothesised
that this may have been influenced by the difference in age. The female was observed to
participate fully in therapy and autonomously complete home practice, whereas the
male was not able to participate in home practice without full support from his caregiver,
in the form of reminders and joint participation in activities. Further, the male
participated in numerous extracurricular activities, leaving less time available for
practice for each activity. A placebo effect from therapy cannot be excluded. Both
children and their caregivers reported that they enjoyed participating in therapy and
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wanted their voices to improve. Further, medical perspectives regarding likely
permanence of developmental sequelae following extreme preterm birth may have led
to hypervigilance to any developmental input on the part of the parents, who may
therefore have been over-receptive to the prospect of any positive change. However,
both patients experienced a decrease in their Acoustic Voice Quality Index score,
indicative of increased regularity of the voice signal.
9.7 Conclusion
Behavioural voice therapy resulted in improvements in voice quality in two children
with an intubation-related laryngeal pathology, to varying degrees, yet did not
completely resolve symptoms of dysphonia. Further research in a larger sample of
children is warranted to determine whether behavioural voice therapy is effective in the
extremely preterm population.
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10.1 Abstract
Objectives/hypothesis
Dysphonia is a potential complication of preterm birth. It is hypothesised that preterm
children sustain iatrogenic laryngeal damage during medical intervention in the neonatal
period. Further, many preterm children may engage in compensatory maladaptive
behaviours to initiate and sustain phonation. Voice disturbances are known to persist
into the school years. This pilot study aimed to evaluate the effects of a behavioural
voice therapy protocol on voice quality in school-aged children with dysphonia related
to premature birth.
Methods
Twenty seven very preterm (VP) children (born at 23-29 weeks gestation) with
dysphonia were identified from a larger study and consented to laryngeal examination
and randomisation to an immediate intervention group (n=7) or a delayed-intervention,
waiting list control group (n=14). Following analysis of the immediate intervention and
waiting list control data, secondary analysis was conducted on the pooled intervention
data of both groups. Six participants did not complete the trial.
Results
Statistically significant improvements in voice quality, as measured on perceptual
assessment, were seen following both the control (n = 14) (p = .026) and the secondary
analysis of the intervention (n = 21) (p = .026) data. However, this was not reflected in
caregiver-proxy reports of quality of life.
Conclusions
Behavioural voice therapy was associated with improvements in voice quality in some
VP children and some improved spontaneously. Further research is needed to identify
the facilitators of and barriers to success of therapy, as well as to identify those children
who may experience spontaneous improvements in voice quality.
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10.2 Introduction
Dysphonia is a potential long-term outcome of very preterm (VP) birth.133 Disturbances
in voice quality in VP children are thought to result from structural laryngeal damage sustained primarily during neonatal intubation - and compensatory tightening of the
supraglottic musculature during voice use, also referred to as secondary muscle tension
dysphonia.138 Dysphonia in childhood has been associated with academic and social
disadvantage, as well as negative evaluations from peers and adults.56,57
Developmental, medical and behavioural outcomes following preterm birth continue to
improve.219 Greater numbers of children survive to adulthood following preterm birth
and many of those live independently, successfully compete in the open workforce and
experience quality of life similar to that of their term-born peers.231 For many VP
children, dysphonia may be the only significant, long-term consequence of their preterm
birth. It is estimated that approximately one-third of the workforce in developed
countries require the use of the voice.58 Further, voice problems are also associated with
absenteeism in non-voice related occupations, albeit with less frequency.232 Thus it can
be seen that disturbance to voice quality associated with preterm birth may also result in
occupational disadvantage in adulthood.
The prognosis for dysphonia in VP children is uncertain. As a recently reported entity,
research has focussed on incidence, pathology and presentation. In the absence of
intervention, dysphonia in preterm children is persistent.233 The results of surgical
intervention have been reported in case reports and series, and show that surgery is
effective in improving voice quality in pathologies such as posterior glottis furrow and
posterior glottis diastasis, where structural laryngeal anomalies were approximated to a
more typical anatomical position.69,234 However, the effect of such intervention on the
behavioural characteristics contributing to voice disturbance is unclear. Voicing
behaviours are a learned phenomenon, and expert opinion suggests that in cases of
paediatric hyperfunctional voice use, surgical intervention alone may not result in
changes to behaviour.148
Behavioural voice therapy refers to intervention aiming to modify behaviour associated
with voicing to promote efficient phonation.36 The effectiveness of behavioural
intervention has been demonstrated in children with primary muscle tension dysphonia
(for example, Lee & Son and Mackiewicz and colleagues).34,191 Such intervention is
thought to decrease symptoms of vocal hyperfunction, primarily strained voice
quality.36 It can be hypothesised that behavioural voice therapy may improve voice
quality in VP children who experience secondary muscle tension dysphonia. However,
there have been no investigations of the effects of behavioural voice therapy in preterm
children.
This pilot study aims to evaluate the effects of behavioural voice therapy on the voice
quality of preterm children with significant voice abnormalities.
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10.3 Methods
The study methodology has been described elsewhere and is unchanged.139 This
delayed-intervention, randomised controlled trial formed the third phase in an
exploratory study of the prevalence, presentation, influencing factors and response to
treatment of voice disorders in VP children. A summary of the participant
characteristics and a description of the treatment protocol are provided below.
10.3.1 Participants
A total of 2,420 children born at ≤32 weeks gestation were admitted to and
subsequently discharged from the Neonatal Intensive Care Unit (NICU) of the study
centre in metropolitan Perth, Western Australia, between 2001 and 2007. Children were
excluded if they were diagnosed with a known disability likely to preclude participation
in assessment tasks or residence greater than 200km from the study centre. The
remaining eligible participants were stratified into groups, based on gestational age and
number of intubations recorded on the NICU discharge summary, and then randomly
selected. The families of 391 children were approached, and 179 assessments were
completed. Details of the participants in the second, laryngeal phase of the
investigation have been published elsewhere.138 Briefly, those who presented with
moderate to severe dysphonia were invited to undergo laryngoscopy and participate in
intervention. Each participant therefore in this phase presented with moderate or severe
dysphonia and consented to laryngoscopy. Laryngoscopic findings from all participants
showed primary, structural pathology of a heterogeneous nature, with supraglottic
hyperfunction of the laryngeal musculature which was hypothesised to be compensatory
in nature. The most common structural pathology in this cohort was glottic
incompetence. Vocal fold immobility and atrophy were also observed. In addition, a
number of participants had vocal cord irregularities such as nodules, pseudocysts and
sulci.
Participants in the intervention trial were born between 23 and 29 weeks gestation. The
flow of participants through the study phases can be seen in Figure 1.The age of
participants at the commencement of intervention ranged from 6 years 9 months to 17
years 2 months.
10.3.2 Clinical assessment
A clinical assessment was completed prior to and immediately following the treatment
administration. Clinical assessment consisted of: subjective evaluation of voice quality
with the Consensus Auditory-Perceptual Evaluation of Voice (CAPE-V);4 objective
assessment with the Acoustic Voice Quality Index (AVQI)2 and the caregiver-reported
quality of life instrument the Pediatric Voice Handicap Index (pVHI).9 The CAPE-V
was considered the primary outcome measure. Due to the subjective nature of the
CAPE-V, the mean of two blinded ratings was used for statistical analysis. The pVHI
and AVQI were considered secondary outcome measures. Although the AVQI has
demonstrated its diagnostic accuracy in discriminating between normal and dysphonic
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children’s voices, its responsiveness to therapeutic change is yet to be established in
paediatrics.2,140
10.3.3 Recruitment
Participants were recruited for initial clinical assessment between February 2011 and
July 2013. Figure 1 depicts participant flow through the study phases, with reasons for
discontinuations where relevant. Recruitment ceased when the predicted number of
participants had been reached for the phase I clinical assessments. Following
establishment of eligibility, recruitment for the laryngeal examination and behavioural
intervention trial took place between February 2013 and August 2014. Recruitment
ceased when all eligible participants had been successfully contacted, or after three
attempts had failed to contact them. Twenty six participants were randomised to phase
III of the study, of whom 21 completed the trial (immediate intervention group N = 7,
control group N = 14). Figure 2 depicts the randomisation and progression of
participants through this phase of the study.
10.3.4 Randomisation
Participants were randomised to the intervention or waiting list control groups by a
colleague with no professional connection to this study. Randomisation occurred via
opaque envelopes on the day of the laryngeal examination and was conducted by an
individual external to the study group. Blocking was used in the case of two sets of twin
participants. Due to the nature of the study, blinding to group was not possible.
10.3.5 Treatment protocol
The intervention consisted of eight, one-hour sessions, delivered a minimum of one
week apart. Treatment was delivered by a single speech pathologist, with postgraduate
experience in assessment and treatment of paediatric voice disorders. The treatment
period commenced in March 2013 and ended in April 2015.
Treatment tasks were standard across participants, although explanations and specific
prompts were individualised, depending on the cognitive skills of the participant and
their mastery of the task. A description of the treatment tasks, being the session by
session treatment protocol, is provided in Table 10.7 (Appendix). All treatment
sessions took place in the Children’s Clinical Research Facility at Princess Margaret
Hospital in Perth, Western Australia, or at participants’ homes when participants were
physically unable to attend the study centre.
10.3.6 Sample size
Being a pilot study, prior calculation of sample size with reference to other studies was
not possible, due to the lack of relevant, similar reports in the literature. The sample
size for this trial was determined by: the sample size for the first phase of the
investigation; the number of children meeting eligibility criteria for further participation
and the consent of the participants and their families (see Figure 10.1).
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10.3.7 Rater reliability
All voice samples were rated online by the first author as part of participants’ clinical
assessments, and for feedback to participants and their families. To determine the
reliability of the perceptual rating scale, the CAPE-V, all voice samples were deidentified and rated independently by a speech pathologist with postgraduate experience
in the assessment and treatment of paediatric voice disorders and re-rated by the first
author. At the commencement of each of the joint rating sessions, raters listened to two
voice samples at each level of severity, selected by previous consensus, to establish an
external reference standard. To overcome any potential biases associated with the
perceptual aspect of the assessment, the mean of the two blinded ratings was used as the
dysphonia severity score for the purposes of data analysis.
A two-way, mixed, average measures ICC was calculated. The ICC between raters for
the CAPE-V severity score was .77(95% CI = .61 -.86), with a weighed kappa of .51,
indicating a moderate to good level of agreement between raters. Therefore, the mean of
the two blinded ratings was an acceptable indicator of dysphonia severity in this cohort.
10.3.8 Statistical analysis
Data were summarised using means and standard deviations. All data analysis was
conducted using SPSS for Windows (v. 21: SPSS Inc, Chicago, IL). Due to the ordinal
nature of the data, non-parametric tests were used for data analysis. A Mann Whitney U
test was used to compare voice quality between the intervention and control groups at
baseline assessment. Figure 10.2 contains a depiction of the statistical analysis of
intervention and control data. The first analysis was conducted on the intervention and
control groups. After the control period, the control group underwent intervention. The
second analysis was of the pooled intervention data and the post-intervention data of the
control group. Wilcoxon signed rank tests were used for the first and second analyses.
To facilitate consideration of clinical significance of changes, descriptive statistics were
used to describe the data.
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Phase I – Clinical assessment

Phase II – Laryngeal examination

Moderate to
severe dysphonia

(n=250)

(n=27)
Three participants could not be contacted, 34 stated lack of
concern regarding voice quality rendered further assessment
unnecessary, 25 declined nasendoscopic procedure, five
participants did not attend the appointed procedure.

(n=94)

Normal voice or mild
dysphonia

Four participants
discontinued due to
scheduling.

(n=156)

End of study participation

Immediate
intervention
group

Delayed
intervention
control group

(n=7)

(n=14)

One participant
discontinued due
to scheduling,
one participant
could not be
contacted.

Phase III – behavioural intervention trial
(n=21)

Figure 10.1. Participant flow through study phases.
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Eligible for recruitment
(n=27)

Randomised
(n=21)

Baseline
analysis

Immediate intervention

Control group

(n=7)

(n=14)

Immediate intervention period

Analysis 1

Immediate intervention
(n=7)

Control group
(n=14)

Delayed intervention period

Delayed intervention
(n=14)

Analysis 2

Intervention group

Control group

(n=21)

(n=14)

Figure 2. Randomisation and progression through intervention phase.

Figure 10.2. Randomisation and analysis of intervention and control groups.
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10.4 Results
10.4.1 Baseline analysis
Only those participants with moderate to severe dysphonia who consented to
laryngoscopy were eligible for participation in this intervention trial. Independent
samples t-tests were used for baseline analyses, as normality assumptions were not
violated in this data set. Due to the self-selective nature of the inclusion criteria of the
study, a comparison of the voice, medical and demographic characteristics of
participating versus non-participating children was performed, and can be seen in Table
10.1. No differences in sex, age, birth weight or gestational age were found between the
groups. Whilst the number of intubations and duration of intubation trended towards
statistical significance, this did not translate to poorer functional voice outcomes, as
CAPE-V severity score and AVQI score were equivalent across the groups.
The baseline characteristics of the intervention and control groups are presented in
Table 10.2. Equivalence across the groups was seen in all measures, confirming success
of randomisation and less likelihood of bias.
Table 10.1. Voice, demographic and medical characteristics of participating and nonparticipating cases.
Study cases
(consented to
laryngoscopy)
(n=27)
Sex (male)
Chronological age (years)
CAPE-V severity score
AVQI score
pVHI total score
Birth weight (g)
Gestational age (weeks)
Number of intubations
Duration of intubation (days)

11 (40.7%)
9.24 (2.99)
58.30 (18.41)
5.17 (1.09)
35.26 (21.37)
697 (236)
24.37 (1.59)
6.19 (3.45)
45.19 (25.35)

Non-participating
cases
(did not consent to
laryngoscopy)
(n=65)
26 (40.0%)
9.02 (2.62)
54.11 (16.87)
5.21 (1.26)
25.92 (18.71)
746 (259)
24.38 (1.37)
4.89 (2.06)
34.70 (17.05)

p

.947
.747
.314
.880
.056
.383
.990
.078
.057
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Table 10.2. Baseline data of intervention and control groups.
Immediate
intervention group
(n=7)
n (%)/M (SD)
2 (28.6%)
9.21 (2.87)
65.14 (16.08)
5.49 (1.38)
45.43 (24.83)
612 (88)
23.86 (.90)
50.71 (16.35)

Delayed
intervention control
group(n=14)
n (%)/M (SD)
7 (50%)
8.48 (2.72)
55.64 (20.53)
5.11 (1.16)
27.36 (15.17)
759 (245)
24.86 (1.99)
34.79 (31.51)

p

Sex (male)
.350
Age
.590
CAPE-V severity score
.264
AVQI score
.549
pVHI score
.114
Birth weight (g)
.062
Gestational age (weeks)
.130
Duration of intubation
.144
(days)
Number of intubations
7.57 (4.07)
4.40 (2.83)
.098
CAPE-V = Consensus Auditory-Perceptual Evaluation of Voice. AVQI = Acoustic
Voice Quality Index, pVHI = Pediatric Voice Handicap Index.
10.4.2 Intervention data
10.4.2.1 Intervention group
The intervention group did not experience a statistically significant improvement in
voice quality on any measure following the intervention period (as defined in Figure 2).
A comparison of changes in voice quality between the intervention and control groups
can be seen in Table 10.3. Descriptive data, and comparison of within-group pre- and
post-intervention voice quality, can be seen in Table 10.4.
Table 10.3. Comparison of changes in voice quality between the intervention and
control groups (analysis 1).*
Treatment group
Control group
p
change (n=7)
Change (n=14)
value
M
M
(SD)
(SD)
CAPE-V severity score
-14.05
-13.15
.913
(31.16)
(19.26)
AVQI score
-.66
.11
.636
(1.61)
(1.04)
pVHI total score
-2.28
2.77
.438
(17.09)
(10.67)
CAPE-V = Consensus Auditory-Perceptual Evaluation of Voice. AVQI = Acoustic
Voice Quality Index, pVHI = Pediatric Voice Handicap Index. *Negative values signify
improvement.
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Table 10.4. Descriptive changes in dysphonia severity following intervention period
(analysis 1).
Treatment (n=7)

Control (n=14)

Pre-

Post-

p

Initial

Follow-up

p

intervention

intervention

value

assessment

assessment

value

Mean

Mean

Mean

Mean

(SD)

(SD)

(SD)

(SD)

Range

Range

Range

Range

62.87

48.82

61.50

48.36

(16.72)

(24.20)

(13.50)

(26.08)

34.00-80.00

20.00-84.5

31.50-85.00

5.00-86.25

AVQI

5.85

5.19

4.84

4.96

score

(.84)

(1.18)

(1.18)

(1.38)

4.61-7.14

3.16-6.58

2.64-7.33

2.93-7.58

pVHI

47.28

45.00

28.54

31.71

total

(22.26)

(17.50)

(14.18)

(15.12)

score

25.00-90.00

23.00-

11.00-54.00

13.00-60.00

CAPEV
severity

.310

.026

score
.398

.752

.875

.362

66.00

CAPE-V = Consensus Auditory-Perceptual Evaluation of Voice. AVQI = Acoustic
Voice Quality Index, pVHI = Pediatric Voice Handicap Index. * Negative values
signify improvement.
10.4.2.2 Control group
Dysphonia severity, as measured by the CAPE-V severity score, was significantly
improved in the control group without any specific treatment, with a medium effect size
of -0.35. However, there was no such difference in AVQI score. Similarly, the
difference on pVHI score between the initial and follow-up assessments was not
statistically significant. No participant presented with a perceptually normal voice
following the control period, but two male participants, both going through puberty,
who initially presented with moderate dysphonia experienced a decrease in severity to
mild dysphonia, defined as a CAPE-V severity score of ≤2. The range of change in each
measure of dysphonia severity can be seen in Table 10.4.
10.4.2.3 Secondary analysis of pooled intervention data
Due to the small sample size, a decision was made a priori to pool the pre- and postintervention data from the intervention and control groups, to increase statistical power,
as described in Figure 10.2 (analysis 2). Dysphonia severity, as measured by the CAPEV severity score, was significantly lower following the intervention period, p =.026
representing a medium effect size of -0.35. The AVQI trended towards, but did not
reach statistical significance, p representing a small to medium effect size, -0.26.
However, the difference on pVHI score following the intervention period was not
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statistically significant. Two other participants presented with a perceptually normal
voice following the intervention period, and a further six with mild dysphonia, defined
as a CAPE-V severity score of ≤20. Neither of the participants who presented with mild
dysphonia following the control period presented with a normal voice following
intervention. The range of change in each measure of dysphonia severity can be seen in
Table 10.5.
Table 10.5. Comparison of changes in voice quality between the intervention and
control groups (analysis 2).*
Treatment group
Control group
p value
change (n=21)
Change (n=14)
M
M
(SD)
(SD)
CAPE-V severity score
-15.01
-13.15
.960
(25.91)
(19.26)
AVQI score
-.38
.11
.222
(1.49)
(1.04)
pVHI total score
-1.84
2.77
.223
(12.65)
(10.67)
CAPE-V = Consensus Auditory-Perceptual Evaluation of Voice. AVQI = Acoustic
Voice Quality Index, pVHI = Pediatric Voice Handicap Index. *Negative values signify
improvement.
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Table 10.6. Descriptive changes in dysphonia severity following intervention period
(analysis 2).
Treatment (n=21)

Control (n=14)

Pre-intervention

Post-intervention

p

Initial assessment

Follow-up

p

Mean

Mean

value

Mean

assessment

value

(SD)

(SD)

(SD)

Mean

Range

Range

Range

(SD)
Range

CAPE-

61.50

48.36

(26.17)

(13.50)

(26.08)

5.00-86.25

0.00-84.50

31.50-85.00

5.00-86.25

AVQI

5.26

4.88

4.84

4.96

score

(1.28)

(1.56)

(1.18)

(1.38)

2.93-7.58

1.77-7.49

2.64-7.33

2.93-7.58

pVHI

36.90

37.47

28.54

31.71

total

(18.81)

(13.74)

(14.18)

(15.12)

score

13.00-90.00

19.00-66.00

11.00-54.00

13.00-60.00

V
severity

53.20

38.19

(23.98)

.026

.026

score
.099

.602

.875

.362

CAPE-V = Consensus Auditory-Perceptual Evaluation of Voice. AVQI = Acoustic
Voice Quality Index, pVHI = Pediatric Voice Handicap Index.
10.5 Discussion
Dysphonia is a recognised potential complication of very preterm (VP) birth. To date,
the course of voice disturbance in such children is unknown.233 This is the first
published trial of behavioural voice therapy in very preterm children. This study
demonstrated that improvements in voice quality were seen, on both objective and
subjective measures of dysphonia severity, for some children over time without
intervention and others following behavioural intervention. Thus, both spontaneous and
interventional recovery can be seen.
Following the initial treatment period, there was no change in dysphonia severity.
However, inspection of descriptive data revealed decreases in voice disturbance as
measured by the CAPE-V severity score and the AVQI and improvements in quality of
life as measured by the pVHI. At the end of the treatment period, the secondary analysis
of pooled data demonstrated a reduction in CAPE-V severity and AVQI score, from
moderate to severe dysphonia prior to intervention, to moderate dysphonia following
completion of the treatment protocol suggesting some improvement in voice quality.
However, the clinical significance of this change across the group is unknown. These
data suggest that the initial intervention results may have been a function of the small
sample size. The unequal sample size is noted and is unfortunate; however, it is a
function of participation and the randomisation process.
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It was informally noted in two of the male control participants that puberty may have
occurred in the control period. Puberty in males is associated with both maturational
changes in voice quality, and resolution of dysphonia in some cases of childhood voice
disorders.22,230 These factors may have been associated with spontaneous improvements
in voice quality. Yet pubertal change was not formally assessed within this trial, so this
remains a tentative hypothesis.
Further, although the perceptual scores of dysphonia severity were lower in the control
group, the objective AVQI score did not show similar change, suggesting that
perceptual improvements in voice quality were not reflected by increased regularity in
the voice signal. No control participant presented with a normal voice following the
control period. However, two participants did present with change to mild dysphonia, as
measured by a CAPE-V severity score of ≤20. Therefore, further investigation into the
nature and extent of spontaneous improvement in voice quality in preterm children is
recommended, with particular emphasis on identifying those children who may be more
likely to experience such change.
It is hypothesised that the behavioural voice intervention resulted in decreases in
constriction of the supraglottic musculature during phonation. Individuals with primary
laryngeal pathology may adopt tightening of the supraglottic musculature during
phonation in an attempt to compensate for vocal hypofunction caused by structural
laryngeal abnormalities. Behavioural intervention is unlikely to have been effective in
changing intubation-related laryngeal pathologies such as arytenoid subluxation,
posterior glottic insufficiency or vocal fold immobility. Yet, changes in voicing
behaviour may have occurred and resulted in increased regularity of the vocal signal.
Yet, group means masked significant individual variability in this cohort, with some
individuals achieving acceptable voice outcomes following intervention, while others
experienced minimal-to-no change. The secondary analysis demonstrated that two
participants (who had been randomised to the delayed intervention group and presented
with no change in voice quality during the waiting period) presented with normal voices
following intervention, and a further three presented with mild dysphonia (as measured
by a CAPE-V score of ≤20). While post-intervention voice quality remained in the
moderate range, a further three participants experienced a change in CAPE-V scores of
≥15. The two participants who presented with mild dysphonia following the control
period continued to present with mild dysphonia and were therefore not responsive to
intervention. The factors which contributed to greater improvements in voice quality are
presently unknown. Further research to elucidate these factors will facilitate better
therapeutic outcomes for affected children.
Observing a correlation between individual participant laryngeal pathology and therapy
outcomes is difficult in this study. Due to the individual heterogeneous presentation of
structure and function of the vocal mechanism, coupled with the universal nature of the
intervention, statistical correlations could not be performed. A study with a larger
sample size or a study targeting particular laryngeal pathologies may be able to achieve
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this in future. However, adopting a universal therapy protocol may have increased the
ecological validity of the intervention. A clinical caseload of children with dysphonia
seeking treatment is likely to be heterogeneous, and the study population will reflect
this. In a clinical context, therapy would be more individualised, to address both the
perceptual characteristics of the voice signal and the underlying laryngeal pathology.
The findings pertinent to quality of life are less clear. Some participants reported
increased impact of dysphonia on quality of life following intervention. Anecdotally, a
number of caregivers reported that participating in the therapy process had increased
their awareness of the difficulties faced by their children. During the therapy process,
some participants disclosed, for the first time, having been subjected to past or current
teasing relevant for their voice quality. Many caregivers reported that their child’s voice
was relatively unconcerning, given the many medical obstacles related to premature
birth already encountered. It is clear that the relationship between voice and quality of
life in these participants is complex, and that participating in intervention may have
highlighted an ongoing problem of which caregivers were unaware.
10.5.1 Limitations of this study
This protocol was piloted on a small cohort. The sample size limitation was due to the
low response rate of families who consented to the laryngeal examination, and a
tendency toward those born at earlier gestational age. Further, a response bias cannot be
excluded due to the self-selection of participants. Future studies may improve response
rates by instituting multi-centre trials, or recruiting from specialist, tertiary voice centres
to identify and include treatment-seeking individuals.
10.5.2 Strengths and generalisability
This pilot study is the first, to the authors’ knowledge, to investigate the effects of
behavioural voice therapy in a randomised trial in preterm children. Comparison of
treatment outcomes was facilitated by the inclusion of a control group, with baseline
voice, medical and demographics characteristics equivalent to the intervention group.
Comparison of baseline data demonstrated that the children who consented to
laryngoscopy and participated in the trial were representative of the cohort. There was a
trend towards lower pVHI scores in the non-participating group, suggesting that
families perceived their children’s voices to have fewer adverse consequences on their
quality of life. This may have influenced their decision regarding participation.
Previous studies have described the use of behavioural voice intervention in cases of
childhood primary muscle tension dysphonia.34,134,175,190,191,197,235 This study provides
some evidence in support of the use of behavioural voice therapy to decrease symptoms
of compensatory hyperfunction in some cases of childhood vocal hypofunction. The
heterogeneous nature of the underlying laryngeal pathologies observed in this study
may lead to cautious generalisation of these results to term-born children with
intubation injury, or children with laryngeal conditions unrelated to preterm birth where
vocal hyperfunction is known to be present.
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10.6 Conclusions
This pilot study demonstrated that behavioural voice therapy improves voice quality in
some very preterm children with observed structural laryngeal pathology and secondary
vocal hyperfunction. It is hypothesised that therapy activities resulted in decreased
supraglottic constriction, improved breath support and increased regularity of vocal fold
vibration, which was reflected in increased regularity of the voice signal. However, due
to the inconsistent response to intervention, these findings are inconclusive.
10.7 Other information
This study is registered with Australian and New Zealand Clinical Trials Registry
(ACTRN12613001012763). The trial protocol can be accessed at
http://dx.doi.org/10.1016/j.cct.2013.12.004. This study was funded by Telethon and the
Women and Infants Research Foundation. The first author is the recipient of an
Australian Postgraduate Award.
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Table 10.7 Treatment tasks for behavioural voice intervention protocol.
Task information

Therapy
Information provision

•

Abdominal breathing

•

•
•
Abdominal breathing plus
speech
Relaxation exercises

•
•
•
•

•

Resonant voice/forward
focus resonance

•

•

•

Diagrams and photographs were used in conjunction
with clinician demonstration to describe respiratory,
laryngeal and resonance systems.
Guided self-assessment of tidal breathing patterns was
conducted. Place one hand on abdomen and one on
chest to feel movement: abdominal movement should
be greater.25
Imagery and other cues were used to demonstrate and
promote abdominal breathing.236
Attention was focused on the expiration phase of the
breathing cycle, with exhalation released as a barelyaudible sigh.236
/s/ and /ʃ/ were produced on exhalation in a rhythmic
fashion, beginning with longer, slower pulses, moving
to shorter, sharper pulses. 44
A prolonged, voiced bilabial fricative was produced.237
Yawn-sigh: participants were instructed to inhale
deeply, triggering a yawn if possible.238 Exhalation was
silent, to minimise constriction.
Easy onset phonation: participants produced /h/ on
exhalation, and were instructed to feel the easy onset of
phonation and transition to a vowel without introducing
tension into the vocal folds.191
Silent giggle: a laugh was triggered. Participants were
then instructed to “take the sound away” or “don’t
make a noise”.239 Participants were instructed to
“freeze” in the middle of the laugh and attend to the
kinaesthetic sensation hypothesised to be associated
with retracted ventricular folds.
Forward focus resonance was described as effortless or
easy phonation, with no muscle tightness in the voice
box. Participants were instructed to “throw” their voice
forwards to make the front of their face “buzz”.240
Participants’ focus was directed to sensory and
auditory feedback to facilitate correct production.241
Participants produced a hum with an easy voice, feeling
vibration in the face, rather than the throat or the back
of the mouth.242 Increases and decreases in pitch were
introduced.242
Tasks were structured in a hierarchy to promote skill
acquisition, commencing with short phrases containing
nasal consonants then structured and semi-structured
speech tasks and automatic speech.241-243
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11.1 Abstract
Objective: The Acoustic Voice Quality Index (AVQI) is an objective, composite score
of dysphonia severity based on a speech sample consisting of a sustained vowel and
connected speech. Including both speaking tasks results in improved ecological validity
in comparison to measures based on either task alone. In an initial investigation into the
diagnostic accuracy of the AVQI in paediatric voice, it was found to have appropriate
sensitivity and specificity in the study cohort. This study aimed to measure the external
cross-validity of the Acoustic Voice Quality Index in paediatric voice by replicating the
initial study with a larger sample of children.
Methods: One hundred and seventy nine participants born at ≤32 weeks gestation were
recruited to undergo a voice assessment. Voice recordings were sub-sampled from each
severity category and forty four voice samples randomly selected for inclusion in this
study. Signal to noise ratios (SNR) were calculated for each sustained vowel and
connected speech sample. Each participant’s AVQI score was calculated on a
standardised voice sample consisting of a sustained vowel and continuous speech, in
exact accordance with the procedure described elsewhere.
Results: The AVQI was strongly correlated with perceptual impressions of dysphonia
severity according to the GRBAS scale. The threshold for pathology in this sample of
3.24 showed appropriate sensitivity, specificity and accuracy, with good likelihood
ratios. The mean SNR for voiced segments extracted from connected speech was
26.44dB and for vowels 27.67dB (SPL).
Conclusions: The AVQI retained its diagnostic utility in an independent cohort of
children with a wider distribution of voice disturbances. Similar results were found to
the initial validation study in children, suggesting that it has acceptable external validity.
In this study, the mean SNR of the voice samples was <30dB, suggesting that the AVQI
is a useful tool in clinical settings, where background noise levels are higher than in
experimental settings. The AVQI may be considered a suitable acoustic assessment in
the evaluation of childhood voice disorders.
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11.2 Introduction
Voice disorders affect individuals across the lifespan, affecting social, academic and
employment participation. 53,54,56 Yet there is limited research attention to paediatric
populations compared to adults. 189 This is relevant, as paediatric and adult voices
should be considered separate clinical entities due to structural differences of the larynx
and vocal tract.36,37 These differences lead to variations in aspects of voice quality such
as pitch, roughness and breathiness.8,41 Voice assessment tools and outcome measures
need to be developed and validated in either or both populations to ensure that they are
sensitive enough to detect the differences in voice quality produced by adult and child
speakers, and should therefore be normed on appropriate populations.
To accurately measure voice disturbance, assessments must be reliable and valid.244 A
three-pronged assessment approach is considered best practice when evaluating voice
quality.143 A subjective, perceptual evaluation is essential as individuals seek assistance
for voice problems because their voices sound different to the norm.144 An acoustic
analysis of the voice signal is objective and non-invasive. It is less subject to clinician
bias and more sensitive to minute, but potentially clinically significant, changes in voice
quality than the human ear and should therefore be included in any test battery to
supplement perceptual assessments.145 Finally, a quality of life measure is necessary to
measure any restrictions imposed by an individual’s voice on their activities,
participation and well-being.144
A number of subjective, perceptual assessment tools have been validated for use in
children (e.g, the Grade, Roughness, Breathiness, Aesthenia and Strain scale, the
Consensus Auditory Perceptual Evaluation of Voice and the Vocal Profile
Analysis).3,222,245 Several quality of life questionnaires are also available, including
both parent-proxy and child self-report measures (e.g, Pediatric Voice Handicap Index,
Pediatric Voice Outcome Survey, Children’s Voice Handicap Index-10).9,246,247 Further,
paediatric norms for some acoustic measures are available.248,249 Yet although single
acoustic measures reflect underlying vocal pathology, they are poor predictors of overall
dysphonia severity.5,145 There is a need to investigate combinations of single acoustic
parameters to better identify the magnitude of deviance in voice quality, and to provide
information about underlying laryngeal functioning. Such measures require independent
validation in paediatric populations, separately to adults.
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The Acoustic Voice Quality Index (AVQI) is such a measure, consisting of six
parameters of the vocal signal, as described by Maryn et al.2 The AVQI is unique in
acoustic voice analysis because it calculates a composite score of dysphonia severity,
based on a speech sample consisting of a prolonged vowel and connected speech.2 This
approach is said to yield better ecological validity than calculations based on either
speaking condition alone.158 The AVQI has been found to have diagnostic utility in
discriminating between normal and dysphonic voices in both adults and children.2,140,250
The concurrent validity of the AVQI in paediatric voice was established by comparing
AVQI scores with perceptual assessments, as measured using the GRBAS scale.3,140
However, before a measure can be confidently incorporated into clinical practice, it
must be replicated in different populations to confirm its generalisability. The initial
study validated the AVQI on a large sample of extremely preterm and term-born
children, where the distribution of voice quality was not normal.140 Nonetheless, the
AVQI was found to accurately predict the presence and severity of dysphonia in this
cohort. However, for appropriate external validity, the AVQI should be investigated in
a larger sample of children with a more even distribution of normal and pathological
voices.
The external validity of the AVQI in adult Dutch speakers has been established.163
However, it is yet to be established in children in the English language. This study
reports the external validity of the AVQI in paediatric voice by repeating the initial
experiment in a different cohort of children, using the GRBAS as the reference standard.
11.3 Methods
The study design and methodology have been reported elsewhere and are unchanged
(Chapter 6).139 A summary is described below.
11.3.1 Participants
Very preterm participants were prospectively recruited to receive a voice assessment
consisting of: the reference standard (GRBAS), the index test (AVQI) and a quality of
life report (pVHI). Based on previous research into voice disorders in extremely preterm
children, it was hypothesised that this cohort would present with voice quality ranging
from normal to severely disordered.140 Thus, this cohort represented a variety of
normophonic and dysphonic voices. The AVQI is unbiased to medical status, and
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cognitive and behavioural factors associated with preterm birth that may influence
subjective evaluations of voice quality.
Assessments were conducted between October 2012 and June 2013. Participants born
between 2001 and 2007 were included and so were aged between 4 and 12 years at the
time of assessment. One participant was excluded from the current analysis because of
interference in the voice sample precluding calculation of the AVQI. To overcome any
self-selection bias, and for practical and financial reasons, 44 of the remaining 178
completed voice assessments were randomly selected for inclusion in this study.
This study was approved by the Princess Margaret Hospital Human Research Ethics
Committee and the University of Western Australia Human Research Ethics Office. The
trial was registered with the Australia and New Zealand Clinical Trials Registry
(ACTRN12613001015730). All voice samples were collected under prior, written,
informed consent from the parent or guardian caregiver.
11.3.2 Data collection and analysis
All voice samples were collected using the methodology described by Reynolds et al
(Chapter 6).139,140 Voice samples were recorded on a Zoom H2 Handy Recorder via a
Røde lavalier microphone. The microphone was headset-mounted and placed at a
distance of three to four centimetres from the participant’s mouth, at a 450 angle. The
ambient noise level in the clinic environment was <50dB at all times. The GRBAS
(Grade, Roughness, Breathiness, Aesthenia and Strain) scale was used as the reference
standard as it is widely used in clinical voice evaluation and research. It is considered to
be the minimum standard for perceptual evaluation of voice quality.165 Samples were
prepared and analysed in exact accordance with the procedure described by Maryn et al.,
using the Praat v5.3.56 (Paul Boersma & David Weenink, Institute of Phonetic Sciences,
University of Amsterdam, The Netherlands) and SpeechTools (James Hillenbrand,
Western Michigan University, Kalamazoo, MI) programmes to calculate each
participant’s AVQI score.2 Praat was also used to calculate the signal to noise ratio
(SNR) of the sustained vowel samples and the extracted, voiced segments of the
connected speech sample, by comparing the intensity to that of a standard pause in the
reading passage used to elicit the speech sample.
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Each voice sample was rated online by the first author, for participant feedback and to
mimic typical clinic conditions. The 44 randomly-selected voice samples were then
rated independently by a second rater, with extensive postgraduate experience in the
assessment and treatment of paediatric voice disorders and again by the first author in
two joint rating sessions. An attempt to establish an external reference standard was
made at the commencement of the joint rating sessions, by listening to two voice
samples from the pilot study at each level of dysphonia severity, as measured by the G
score, where severity had previously been agreed. Raters were required to listen to deidentified voice samples consisting of two prolonged vowels, the CAPE-V sentences,
“The Bird” story from the Neale Analysis of Reading Ability and a conversation sample,
through a desktop computer in a room with an ambient noise level of <50dB.
11.3.3 Statistical methods
Statistical analyses were conducted using SPSS for Windows v19 (SPSS Inc, Chicago
IL). Continuous data were described by median, interquartile range and range and
categorical data were described using frequency distributions.
For the purpose of the ROC analysis, voices were considered dysphonic if the mean G
score was greater than 0.33, indicating that at least one rater considered the voice to be
disordered. Data-driven techniques were used to determine the best AVQI cut-off score
in this sample by calculating the point closest to (0, 1) on the curve. The methods used
were minimising ([1-sensitivity]2 + [1 – specificity]2), and maximising [sensitivity +
specificity – 1].
For the purpose of determining reliability of subjective ratings, the intra-class
correlation co-efficient and weighted kappa were calculated using SPSS and VassarStats
(Richard Lowry, PhD; Poughkeepsie, NY), respectively.
11.4 Results
11.4.1 Population characteristics
Classification according to G score demonstrated that 8 participants had normal voices
(mean G=0) and 36 participants had dysphonic voices (mean G≥0.33). Participant
demographics, classified according to dysphonic and normal speakers, can be seen in
Table 11.1.
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Table 11.1. Participant demographics
Normal voices
M (IQR, R)
Age
10;3 (8;11 – 11;10, 6; 3 – 12; 1)
Male
5 (62.5%)
AVQI score 2.74 (2.29 – 3.17, 2.23 – 3.55)

Dysphonic voices
M (IQR, R)
7;7 (6;4 – 9;9, 5;3 – 10;8)
20(55.6%)
4.22 (3.27 – 5.28, 1.83 – 6.69)

11.4.2 Rater reliability
The average weighted kappa was 0.49 (95%CI 0.33 – 0.64), indicating moderate
agreement beyond that expected by chance.251 The average-measures ICC was .857
(95%CI .763 - .917) indicating good agreement among raters. This confirms that the
mean-G was a reliable indicator of dysphonia severity in this cohort.
11.4.3 Agreement between GRBAS and AVQI methods of assessment
Agreement between the subjective and objective assessments in discriminating
dysphonic voices was 81.1%. The kappa statistic was 0.572 (94%CI 0.23 - 0.82),
indicating moderate agreement beyond that expected by chance. . The diagnostic
agreement between AVQI scores and G scores can be seen in Table 11.2.
Table 11.2. Dysphonia severity and Acoustic Voice Quality Index score.

AVQI score

Normal
Disordered

Total

GRBAS (Mean G)
Normal
Disordered
7
7
1
29
8
36

Total
14
30
44

11.4.4 Concurrent validity
The relationship between the AVQI and the mean-G score was determined using
Spearman’s rank order correlation co-efficient. The correlation indicated a strong,
positive linear relationship, confirming the concurrent validity of the AVQI (rs = 0.680,
p <.001). The relationship between mean-G score and AVQI scores can be seen in
Figure 11.1.
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Figure 11.1. Scatterplot and linear regression line depicting the relationship between
mean-G score and AVQI score.
11.4.5 Diagnostic precision – ROC curve analysis
The area under the receiver operator curve (AUC), using mean-G as the state variable,
was 0.885 (95%CI 0.782 – 0.989, p <.001), indicating good discriminatory potential in
detecting dysphonic voices. The ROC curve is illustrated in Figure 11.2. A cut-off
score of 3.46, as recommended in the pilot study into the diagnostic utility of the AVQI
in the paediatric population, was applied to the data and gave the following diagnostic
results: sensitivity 87.5%, specificity 66.7%, with LR+2.62 and LR- 0.19.140 Both datadriven techniques used to determine the ideal threshold for pathology identified the
score of 3.24 as the best AVQI cut-off score in this cohort. The score gave the following
diagnostic results: sensitivity 87.50%, specificity 80.56%, with LR+ 4.50 and LR- 0.16.
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Figure 11.2. ROC graph illustrating the accuracy of the AVQI. The dotted line
represents chance-level discrimination between normal and dysphonic voices.
11.5 Discussion
The results of this study confirm the generalisability, robustness and stability of the
AVQI in the paediatric population. The AVQI is a measure with appropriate diagnostic
accuracy in discriminating between normal and dysphonic voices in children.
As with previous studies, the correlation between mean-G score and AVQI score
showed a positive linear relationship, whereby increases in AVQI score are associated
with subjective increases in dysphonia severity. Thus, the concurrent validity of the
AVQI in paediatric voice is retained in this cohort.
Consensus regarding the use of a three-pronged approach to assessment has been
reached due to the requirement for both the perceptual evaluation of voice quality and
analysis of the physical properties of the voice signal. An ideal test battery includes
objective, subjective and quality-of-life measures. The AVQI is a suitable objective
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measure, with excellent ecological validity due to its use of both connected speech and
sustained vowel to determine dysphonia severity.
The threshold for pathology found in this study was 3.24, in comparison to 3.46
identified in our laboratory’s previous study. The cut-off of 3.24 had appropriate
sensitivity and specificity, with fair likelihood ratios. This study had a larger sample
size from which voice samples were randomly selected, and a more equal distribution of
children with varying degrees of dysphonia severity, which may account for the lower
threshold for pathology identified in this population. Further, in an investigation of the
AVQI’s cross-linguistic robustness, Maryn et al. found AVQI thresholds of 3.29 and
3.25 in each of the English-language sentence stimuli, consistent with the threshold
identified in this study.252 Thus, it is recommended that 3.24 be adopted as the
threshold for pathology in English-speaking children aged up to 13 years.
As with previous studies, there was disagreement between the diagnoses on the AVQI
and the GRBAS. As yet, there is no objective measure with perfect correlation with
subjective voice evaluation. Where disagreement exists, perceptual evaluation and child
and caregiver perceptions of voice-related quality of life will provide further insight into
the nature of any voice difficulty and inform intervention practices. However, the
parameters of the AVQI have been shown to reflect underlying laryngeal function and
properties of the vocal tract, so examination of these individually may identify any area
of sub-optimal functioning.
11.5.1 Limitations
The present study represented part of a larger investigation into voice quality of very
preterm children. Mild dysphonia is commonly found in children, affecting 30 to 40%
of otherwise typically-developing children.21,23 The incidence of mild dysphonia in this
cohort, at 37%, is consistent with these reports. Further, severe dysphonia is uncommon
in children, yet was present in this cohort. Therefore, results of this study are applicable
to the range of children seeking services at paediatric voice clinics.
Due to clinical considerations, the SNR of the voice samples was <30dB in the cohort.
Thus, the voice samples do not represent experimental conditions, such as those in our
laboratory’s pilot study.140 However, the testing conditions do represent typical, non-
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soundproofed clinic settings. Thus, these results demonstrate that the AVQI suitably
discriminates between children’s normal and dysphonic voices in clinical conditions.
Having established that the AVQI retains its diagnostic utility in a differing cohort and
in typical clinic conditions, attention must now turn to its suitability as an outcome
measure. The AVQI has shown appropriate sensitivity to therapeutic change in adults;
thus this property must be investigated in a paediatric population also.163
11.6 Conclusion
The AVQI is an acoustic assessment of voice quality that has been found to have
diagnostic sensitivity, specificity and external validity in paediatric voice. The
collection procedure is simple and quick and the availability of automated calculation
procedures facilitates the AVQI’s utility in busy paediatric voice clinics. The AVQI
could be incorporated into an assessment protocol evaluating childhood voice disorders,
or screening at-risk groups of children.
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This thesis describes several studies that are the first in their field. Key findings are
summarised in section 12.1; these findings are discussed in the context of the wider
literature in section 12.2. Clinical practice guidelines are detailed in section 12.3 and
recommendations for future research are discussed in section 12.4. Concluding remarks
are presented in section 12.5.
12.1 Summary and general discussion of key findings
12.1.1 Phase I Prevalence Study
This study, investigating the prevalence of dysphonia in very preterm children,
demonstrated that children born at up to and including 32 weeks gestation are at greater
risk of developing childhood voice disorders than their term-born peers. Female sex,
gestational age and duration of intubation were found to be associated with greater risk
of voice disturbance at school age. However, children who were never intubated also
presented with a higher prevalence of dysphonia than their term born counterparts.
Further, whilst intubation has been identified as a major risk factor in a number of
studies – both large-scale and case study/series – these data suggest that other risks are
present. The presence of dysphonia in females and non-intubated children suggests that
sex- or gender-related issues, as well as the currently unknown issues related to
prematurity, also influence voice quality.
In addition to traditional clinical assessment methodology, this study sought to replicate
previous findings of the diagnostic utility of the Acoustic Voice Quality Index (AVQI)
in a paediatric population. These data confirm that the AVQI has good potential to
discriminate between normal and dysphonic voices in preterm children.
12.1.2 Phase II Laryngeal Examination
This study documented the laryngeal pathology of a subset of children from Phase I,
born at up to and including 29 weeks gestation with significant voice difficulties. In this
investigation, all children presented with structural laryngeal pathology underlying the
disturbance to voice quality. The individual presentations were heterogeneous. Glottic
incompetence was common among the cohort. Yet, wide variation in concomitant
pathologies was observed, with some individuals presenting with multiple pathologies.
Additionally, all participants presented with compensatory, maladaptive use of the vocal
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mechanism, resulting in further disturbance to voice quality. Laryngeal pathology was
also identified in a child who was never intubated, and the mechanisms by which such
damage was sustained are currently unclear.
12.1.3 Phase III Randomised, Controlled Intervention Trial
This study is the first trial of behavioural voice therapy for consenting participants in
Phase II - a population of children with known laryngeal pathology affecting voice
production. The results were complex. The primary analysis of the intervention (n=7)
and control (n=14) groups revealed that there was no effect of intervention on voice
quality, but that a reduction in dysphonia severity following the period of no
intervention in the control group. To increase statistical power of the trial, the control
group underwent intervention. Analysis of the pooled pre- and post-intervention scores
(n=21) revealed an overall group effect of the intervention protocol. However, the group
mean masked individual variability and it was not possible to identify factors associated
with, or barriers to, success of the intervention in individual participants. Approximately
one-third of participants had a positive response to voice therapy. However, only two
participants presented with a normal voice following intervention; although some
participants achieved acceptable voice outcomes and others made functional
improvements in their ability to initiate and sustain phonation.
12.2 Significance of the findings in the context of the wider literature
Previous studies have identified numerous risks for dysphonia in extremely preterm
children, including female sex, frequency of intubation, birth at <27 weeks gestation,
extremely low birth weight, bronchopulmonary dysplasia, emergency intubation
procedure and surgical ligation of patent ductus arteriosus.111,128,129,131 Yet, these risk
factors are not limited to extreme prematurity. This prevalence study (Phase I: Chapter
7) confirms that these risks were associated with poorer functional voice outcomes. A
higher than expected prevalence of dysphonia was found in children who were not
intubated. Whilst intubation is clearly a major influencing factor, other issues pertaining
to neonatal care of the preterm infant, or preterm birth itself, may be associated with the
voice difficulties observed in this cohort.
The effect of premature exposure of the vocal folds to air following preterm birth is
unknown. It is hypothesised that this may dehydrate the vocal fold mucosa and alter its
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vibratory properties, resulting in a rough quality of cries in infancy. In the first month
of life, the lamina propria is monolayered and contains a high concentration of
hyaluronic acid.37 Differentiation commences in the second or third months of life, and
continues until middle childhood. Gross damage to vocal fold mucosa resulting from
laryngeal injury, has been reported in the literature and seen in this study (Phase II:
Chapter 8).69,216 However, subtle damage may also influence long-term voice outcomes,
as the differentiation process may be delayed, disrupted or altered.
Respiratory function and voice production are linked, as the production of voice occurs
on exhaled air and requires a minimum respiratory capacity and level of control of the
airflow through the glottis during speech. Preterm children, particularly those born very
preterm prior to the commencement of surfactant production, are at risk of respiratory
function difficulties.253 Decreased vital capacity may result in shorter breath units
available for speech. It can be hypothesised that affected children may adopt tightening
of the supraglottic musculature in an attempt to regulate airflow through the glottis,
resulting in strained voice quality. The link between lung capacity and function and
voice production in preterm children has yet to be explored, however.
One further factor that may influence voice production is inhaled corticosteroid use
during childhood. Many preterm children are prescribed inhaled corticosteroids, due to
the high rate of ongoing respiratory difficulties in this population. Inhaled corticosteroid
use has been shown to induce dysphonia in healthy adults with no history of voice
disturbance.254 The dysphonia was transient and resolved with cessation of
corticosteroid use. However, the effect of long-term use in childhood on voice quality is
unclear. It can be hypothesised that, in the preterm population which is already
susceptible to voice problems, inhaled corticosteroids may have a significant impact on
voice quality.
Damage to the larynx following neonatal intubation in preterm children has been
reported in case study and series form. Post-mortem studies have identified significant
changes to the gross and fine anatomy of the larynx in such cases.64,82 This study
demonstrated that laryngeal damage is associated with dysphonia, and that neonatal
intubation is not the sole cause of such damage. Case studies report of tightening of the
supraglottic musculature during phonation in preterm children with structural laryngeal
pathology.69 This study is the first to report on the widespread nature of this
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phenomenon, affecting the entire study cohort. The results may have implications for
non-surgical management of dysphonia in preterm children, prior to completion of
puberty.
Behavioural voice therapy has been shown to be effective in children with primary
hyperfunctional voice disorders; that is, in children who adopt a posture of supraglottic
tightening to initiate and sustain phonation, without underlying structural
pathology.34,41,134,175,190,191,197,235,255 This study demonstrates that secondary
hyperfunctional voicing behaviour in preterm children may be responsive to voice
therapy in some cases, irrespective of either the presence or nature of the underlying
structural laryngeal pathology.
The AVQI has been demonstrated to have diagnostic accuracy in adults in a number of
European languages, and to have suitable sensitivity to change.2,163,250,252 Thus, it is
suitable as both a diagnostic tool and therapy outcome measure in adults. These data
confirm the suitability of the AVQI as an assessment of the presence and severity of
dysphonia in children. Further, these data were collected under non-experimental
acoustic conditions, characterised by a signal to noise ratio (SNR) of <30dB for the
voice samples. Factors underlying the SNR included minor variations in background
noise and low voice volume in many of children with dysphonia. These factors are
common to the paediatric voice clinic. Thus, these data demonstrate that AVQI retains
its diagnostic utility in paediatric dysphonia under clinical conditions.
12.2.1 Strengths and weaknesses of the overall trial.
This is the first trial to investigate the prevalence and severity of voice disorders in a
large cohort of preterm children at school age. Assessment at school age, rather than in
infancy or adulthood, is ideal as the demands on the vocal system reach their peak with
academic requirements and social interactions outside the home environment of a
child’s early years. Thus, this prevalence reported in this study is likely to be a true
representation of the extent of voice problems in this cohort. However, with 178
consenting from the families of 391 children approached, the response rate in this study
was 45%. The number of preterm children identified with dysphonia was commensurate
with that identified by the term-born reference group in this study. However, a selfselection bias in favour of individuals with concerns about vocal quality cannot be
excluded and the prevalence may be overestimated.
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Our longitudinal data indicates that voice problems are persistent in preterm children,
although our observations are based on retrospective review of existing data in a small
sample of children. To be more certain of the present results, a prospective, longitudinal
study should be undertaken in a cohort of preterm children with dysphonia, to document
the progression of the condition as children progress through adolescence. Our data has
demonstrated wide individual variation, therefore, a large sample of children, from both
sexes and with varying degrees of dysphonia severity should be included.
The issue of self-selection bias was also present in Phases II and III. A large number of
participants eligible for Phase II declined further evaluation, stating that they did not
wish to undergo the endoscopy due to its invasive nature. Of the 94 participants eligible,
27 underwent laryngeal examination giving a response rate of 28.7%. Therefore, while
the results of Phase II represent the largest report of laryngeal pathology in preterm
children in the literature to date, it is possible that the non-participating children may
have presented with differing laryngeal pathology and the clinical relevance of this is
unclear.
Phase III represented the first, randomised control of behavioural voice therapy in
preterm children in the literature. The randomised allocation of participants to a control
group in Phase III controlled for individual variation and facilitated comparison of
treatment outcomes. Further, it is the only intervention trial in paediatric voice disorders,
to our knowledge, to include children with dysphonia as a control group. Phase III
demonstrated that behavioural voice therapy is effective for some preterm children,
although the sample size was small. Future studies should aim to recruit larger numbers
of children, and implement intervention targeted to particular laryngeal pathologies,
which could be developed following identification of such pathologies on laryngeal
examination.
Finally, the diagnostic utility of the AVQI in the paediatric voice clinic has been
demonstrated, by its use under clinical conditions with a lower SNR than required for
experimental evaluation. Whilst it was initially anticipated to use the pre- and postintervention AVQI scores to determine the responsiveness to change of this measure in
paediatrics, the SNR and small sample size of Phase III negated this analysis. This study
confirms that this experimental voice outcome measure can be utilised in clinical
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conditions. However, further research is needed to determine the utility of the AVQI as
a therapy outcome measure in childhood dysphonia.
12.3 Guidelines for clinical practice arising from the findings
12.3.1 Clinical assessment
Due to the high prevalence of voice abnormalities noted within our and other studies, it
is recommended that practitioners working with childhood voice disorders - including
primary care physicians, speech pathologists and otorhinolaryngologists - routinely
elicit information regarding prematurity in their initial evaluations and case historytaking. This will allow clinicians to consider the impact of a child’s neonatal experience
on their presenting voice complaint, and facilitate evaluation and management
appropriate to the presentation.
Due to the diagnostic accuracy and efficiency of implementation of this measure found
in our studies, it is recommended that the AVQI be used routinely as part of clinical
assessment of voice quality in children seeking treatment for voice disturbance. This
will provide an objective measure of the disturbance to the voice signal, to supplement
auditory-perceptual evaluations of voice quality. The AVQI is freely available to
clinicians, whereas the only other validated objective, index measure of dysphonia
severity calculated on a prolonged vowel and a sample of continuous speech , the
Cesptral Spectral Index of Dysphonia, is commercially available and not within the
means of many clinics.5
12.3.2 Screening
Due to the high prevalence of dysphonia identified by our and other studies, it is
recommended that neonatal follow-programs screen for voice difficulties routinely in
very preterm children most at risk of ongoing dysphonia. This will ensure that
individual children with voice difficulties are identified early and referred to
otorhinolaryngologists and speech pathologists for management in a timely fashion.
Further, a screening program for those most at risk would facilitate the development of
a pathway of care for preterm children with long-term voice problems. Our data
demonstrates that children born at ≤31 weeks gestation are at risk, with females, those
born extremely preterm (<28 weeks gestation) and those who were intubated for longer
durations being most at risk. Given that extremely preterm children participate in
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neonatal follow-up within Western Australia until the age of 5, a voice screen could be
included in routine follow up appointments.
In order to determine the presence and severity of dysphonia in preterm children, it is
recommended that the AVQI be used as a screening tool, together with a perceptual
voice assessment rated by a trained listener and a quality of life questionnaire, to
determine whether a preterm child should be referred to Otorhinolaryngology and
Speech Pathology for further investigation and management of any voice difficulty.
This will ensure that all relevant areas of voice disturbance – perceptual and acoustic –
are evaluated, as is any potential impact on the activities of daily living. A clinical
assessment consisting of these measures is estimated to take approximately 30 minutes
and is thus feasible in terms of clinician time and child attention levels.
12.3.3 Referral
Due to the potential for persistence of voice problems in preterm children, it is
recommended that those identified at risk of voice difficulties following screening are
referred to speech pathology and otorhinolaryngology for joint management. This will
allow thorough assessment of the structural and functional difficulties affecting voice
production, and consideration of surgical and behavioural management, where
appropriate. Currently, there is no routine referral pathway for preterm children in our
catchment area. Individuals who demonstrate concern with their voices are referred to
tertiary or community clinics for management, whereas this data supports the
establishment of a model of care for preterm children with dysphonia.
Due to the high prevalence of voice problems identified in very preterm children, it is
recognised that voice problems may only become apparent following discharge from
follow-up services. It is recommended that primary care physicians be alert to the
potential for voice problems in their very preterm patients and refer appropriately to
otolaryngology and speech pathology services.
12.3.4 Routine laryngeal examination
International best practice guidelines recommend routine laryngeal examination in
children with dysphonia. However, due to the high rate of refusal observed in our study
(11%), it is recognised that some preterm children may present with anxiety associated
with the invasive nature of the endoscopy procedure. Should a preterm child refuse
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endoscopy, behavioural intervention may be trialled at the discretion of the managing
otorhinolaryngologist, with endoscopy deferred until adolescence, or until consent is
given. This course will facilitate management of the behavioural component of
dysphonia until the physiological, structural laryngeal pathology can be investigated
instrumentally with the potential for surgical management.
12.3.5 Intervention
The intervention trial demonstrated that improvements in dysphonia severity in some
children were observed following a waiting period in some children and a trial of
behavioural intervention in others. It is therefore recommended that behavioural
intervention be routinely trialled, should voice impairment persist following a waiting
period, in preterm children with dysphonia who present with concerns about their voice
quality or associated limitations on their participation in daily activities. Further, where
behavioural issues are identified as contributing to dysphonia severity, surgical
intervention may be less successful. If maladaptive voicing behaviour is persistent,
secondary pathology may develop, further disrupting voice quality. Therefore,
individual responsiveness to intervention may also be diagnostically useful when
considering candidacy for phonosurgery at a later stage in the maturation process (e.g.,
in adolescence).
As a corollary to the above, it is also recommended that very preterm children with
dysphonia who undergo behavioural intervention receive follow-up Speech Pathology
and Otorhinolaryngology consultation following intervention, to assess the requirement,
and possible candidacy, for surgical intervention.
12.4 Recommendations for future research
Areas of future research identified from the prevalence study are the susceptibility of
females and those children who were never intubated to dysphonia. It is essential to
further investigate the greater incidence in females, as this is the second such finding in
the literature. While preliminary data cautiously supports a link between puberty and
improvement in voice quality in males, no improvement was observed in females.
Further research with a larger sample size of children at various stages of puberty is
required to determine the role of puberty in preterm dysphonia. Many of the participants
in Phase I of this study will complete puberty within the next five to ten years. A
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longitudinal follow-up of this cohort would provide a clear indication of the evolution
of dysphonia in preterm children over the course of childhood.
Respiratory difficulties following preterm birth are well-documented. The power,
source, filter model of voice requires adequate respiratory capacity to power voice
production.8,14 It can be hypothesised that respiratory capacity may not be adequate in
some preterm children, which may lead to difficulties with voice production such as
decreased breath units for speech. Some children may adopt tightening of the laryngeal
musculature, to regulate airflow through the glottis, in an attempt to conserve
respiratory vital capacity during phonation. This may manifest as strained voice quality.
Further, some preterm children in our study were identified with impairments to vocal
fold movement. It can be hypothesised that reduced rate and range of movement of the
vocal folds may impede airflow through the glottis, resulting in decreased respiratory
function. Thus, any link between respiratory function and voice quality should be
explored. An ideal trial would include instrumental evaluation of laryngeal and
pulmonary structure (e.g., laryngeal endoscopy and chest CT to the level of the
supraglottic region), perceptual and acoustic evaluation of voice quality, measures of
respiratory capacity and function (e.g. spirometry), as well as exercise tolerance testing.
This would facilitate comparison of the association between respiratory structure and
function and vocal quality, as well as vocal fold movement on respiration.
The findings in children without a history of intubation require further investigation into
the mechanisms underlying the disturbance in voice quality. More importantly, it is
essential to identify whether the results of this study represent sampling effect or a more
widespread risk for voice difficulties in preterm children than was previously known.
Identification of preterm children who were never intubated is possible from hospital
discharge records. An observational incidence study, with identical clinical assessment
methodology to Phase I of this trial, would identify the nature and severity of any voice
problems in such children. Abstraction of data from medical records in such children
will be essential to determine whether there are any similarities in clinical presentation
or hospital treatment, or both, that may be associated with voice problems.
Laryngeal examination in future studies is essential, to accurately identify and describe
structural laryngeal pathology in preterm children. In particular, detailed description of
laryngeal pathology in a greater number of children without a history of intubation
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would identify whether premature birth interrupts development of the vocal mechanism
or whether iatrogenic factors including the possible adverse effects of suction catheters
and feeding tubes, in addition to intubation, may be responsible for laryngeal injury.
The responsiveness to therapeutic change of the AVQI in a paediatric population is
currently unclear. Trialling its use as a pre- and post-intervention assessment measure
would allow comparison of its qualities to a reference standard, and indicate whether it
should be adopted as a therapy outcome measure. The availability of this measure to
determine responsiveness to change will be useful in reporting outcomes of the
management of paediatric voice disorders.
The nature and extent of any spontaneous recovery from neonatal laryngeal injury is
unknown, as is whether normal childhood growth of the laryngeal mechanism was
disrupted by the neonatal injury in this cohort. This observational study documented the
status of the injury at school age, when maximal healing may be presumed to have
occurred. However, recent work into laryngeal wound healing in has yielded evidence
that scarring may be minimised.256,257 It is hypothesised that this may result in improved
vocal function, yet it is unclear whether similar effects may be found in a paediatric
population.
The inconsistent response of preterm voice problems to behavioural intervention
warrants further investigation. At present, it is unclear which preterm children will
experience improvements in voice quality following such treatment. Prospective
evaluation of factors such as age, gender, motivation, participation and locus of control
will assist in formulating future prognoses and individualisation of therapy activities to
promote success in greater numbers of children.
12.5 Concluding remarks
This study confirms that very preterm children are at increased risk of dysphonia in
comparison to their term-born counterparts. The risk factors identified by this study
were female sex, gestational age and duration of intubation. Voice quality in very
preterm children is influenced by a combination of structural laryngeal damage,
sustained during neonatal intubation in most cases, and tightening of the supraglottic
musculature during phonation. Some very preterm children had a favourable response to
behavioural voice therapy.
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Chapter 12

Despite recent medical advances, preterm birth is a persistent phenomenon. At early
gestational ages, intubation is inevitable in the care of many infants. The requirement to
intubate may never be completely obviated, due to the timing of maturation of
respiratory structures in utero. Therefore, it is essential to focus attention on early
identification of preterm children with dysphonia and to initiate treatment appropriately,
to mitigate the effects of their voice quality on their social, academic, and ultimately
employment, participation.
In summary, this study confirms the susceptibility of very preterm children to long-term
voice difficulties, documents the nature of the underlying anatomical and functional
impairment and provides evidence that some cases may respond to behavioural voice
therapy.

“All I have is a voice.” – W.H. Auden

169

References

References
1. Gerratt BR, Kreiman J. Voice Quality, Perceptual Evaluation of. In: Kent RD, editor.
The MIT encyclopaedia of communication disorders. Cambridge, Massachusetts: The
MIT Press; 2004.
2. Maryn Y, Corthals P, Van Cauwenberge P, Roy N, De Bodt M. Toward improved
ecological validity in the acoustic measurement of overall voice quality: combining
continuous speech and sustained vowels. J Voice. 2010 Sep;24(5):540-55.
3. Hirano M. Psycho-acoustic evaluation of voice. In: Arnold, Winckle, Wyke, editors.
Disorders of human communication 5: Clinical examination of voice. New York and
Wien: Springer-Verlang; 1981.
4. Kempster GB, Gerratt BR, Abbott KV, Barkmeier-Kraemer J, Hillman RE.
Consensus auditory-perceptual evaluation of voice: Development of a standardized
clinical protocol. Am J Speech Lang Pathol . 2009;18(2):124-132. Available from:
ASHA
5. Awan SN, Roy N, Jette ME, Meltzner GS, Hillman RE. Quantifying dysphonia
severity using a spectral/cepstral-based acoustic index: Comparisons with auditoryperceptual judgements from the CAPE-V. Clin Linguist Phon. 2010 Sep;24(9):742-58.
6. Golding, Pembrey, Jones, The Alspac Study Team. ALSPAC–The Avon
longitudinal study of parents and children. Paediatr Perinat Epidemiol. 2001;15(1):7487.
7. Aronson A, Bless DM. Clinical voice disorders. 4th ed. New York: Thieme Medical
Publishers, Inc.; 2009.
8. Kent RD, Read C. Acoustic analysis of speech. 2nd ed. Albany, NY: Singular
Thomson Learning; 2002.
9. Zur KB, Cotton S, Kelchner L, Baker S, Weinrich B, Lee L. Pediatric Voice
Handicap Index (pVHI): A new tool for evaluating pediatric dysphonia. Int J Pediatr
Otorhinolaryngol. 2007;71(1):77-82.
10. Poburka BJ. A new stroboscopy rating form. J Voice. 1999;13(3):403-413.
11. Aronson A. Clinical voice disorders: An interdisciplinary Approach. New York:
Thieme; 1990.
12. World Health Organisation. WHO International Classification of Diseases (ICD10). WHO; 2012 ; 10th revision. Available from:
http://www.who.int/classifications/icd/en/
13. Gould SJ, Graham J. Long term pathological sequelae of neonatal endotracheal
intubation. The Journal of Laryngology & Otology. 1989;103(06):622-625.
14. Shewell C. Voice work: Art and science in changing voices. 1st ed. Chichester,
UK: John Wiley & Sons; 2009. p. 522.
15. Gray SD, Smith ME, Schneider H. Voice disorders in children. Pediatr Clin North
Am. 1996;43(6):1357-1384.
16. Miller S. Voice therapy for vocal fold paralysis. Otolaryngol Clin North Am.
2004;37(1):105-119.
17. Kent RD. The speech sciences. Clifton Park, NY: Singular Publishing Group, Inc.;
1997.
18. Hirschberg J, Dejonckere PH, Hirano M, Mori K, Schultz-Coulon HJ, Vrtička K.
Voice disorders in children. Int J Pediatr Otorhinolaryngol. 1995;32, Supplement:S109S125.
19. Dejonckere PH. Voice problems in children: pathogenesis and diagnosis. Int J
Pediatr Otorhinolaryngol. 1999;49, Supplement 1:S311-S314.
170

References

20. Carding PN, Roulstone S, Northstone K, The ALSPAC Study Team. The
Prevalence of Childhood Dysphonia: A Cross-Sectional Study. J Voice.
2006;20(4):623-630.
21. Oliveira RC, Teixeira LC, Gama AC, Medeiros AM. Auditory-perceptive, acoustic
and vocal self-perception analyses in children. J Soc Bras Fonoaudiol. 2011;23(2):15863.
22. De Bodt MS, Ketelslagers K, Peeters T, Wuyts FL, Mertens F, Pattyn J, et al.
Evolution of vocal fold nodules from childhood to adolescence. J Voice.
2007;21(2):151-156.
23. Akif Kiliç M, Okur E, Yildirim I, Güzelsoy S. The prevalence of vocal fold nodules
in school age children. Int J Pediatr Otorhinolaryngol. 2004;68(4):409-412.
24. Duff MC, Proctor A, Yairi E. Prevalence of voice disorders in African American
and European American preschoolers. J Voice. 2004 Sep;18(3):348-53.
25. Wilson DK. Voice problems of children. 3rd ed. Baltimore, MD: Williams &
Wilkins; 1987.
26. Kahane JC, Mayo R. The need for aggressive pursuit of healthy childhood voices.
Language, Speech and Hearing Services in Schools. 1989;20(1):102-107.
27. Spadola Bisetti M, Segala F, Zappia F, Albera R, Ottaviani F, Schindler A. Noninvasive assessment of benign vocal folds lesions in children by means of
ultrasonography. Int J Pediatr Otorhinolaryngol. 2009;73(8):1160-1162.
28. Martins RHG, Hidalgo Ribeiro CB, Fernandes de Mello BMZ, Branco A, Tavares
ELM. Dysphonia in children. J Voice. 2012;26(5):674.e17-674.e20.
29. Holzki J, Laschat M, Puder C. Iatrogenic damage to the pediatric airway
Mechanisms and scar development. Pediatric Anesthesia. 2009;19:131-146.
30. Holler T, Allegro J, Chadha NK, Hawkes M, Harrison RV, Forte V, et al. Voice
outcomes following repeated surgical resection of laryngeal papillomata in children.
Otolaryngol Head Neck Surg. 2009;141(4):522-526.
31. Tirado Y, Chadha NK, Allegro J, Forte V, Campisi P. Quality of life and voice
outcomes after thyroid ala graft laryngotracheal reconstruction in young children.
Otolaryngol Head Neck Surg. 2011;144(5):770-777.
32. Roy N, Merrill RM, Gray SD, Smith EM. Voice disorders in the general
population: Prevalence, risk factors, and occupational impact. The Laryngoscope.
2005;115(11):1988-1995.
33. Sander EK. Arguments against the aggressive pursuit of voice therapy for children.
Lang Speech Hear Serv Sch. 1989;20(1):94-101.
34. Mackiewicz-Nartowicz H, Sinkiewicz A, Bielecka A, Owczarzak H, MackiewiczMilewska M, Winiarski P. Long term results of childhood dysphonia treatment. Int J
Pediatr Otorhinolaryngol. 2014 May;78(5):753-5.
35. Connor NP, Cohen SB, Theis SM, Thibeault SL, Heatley DG, Bless DM. Attitudes
of children with dysphonia. J Voice. 2008;22(2):197-209.
36. Hartnick CJ, Boseley ME, editors. Pediatric Voice Disorders. 1st ed. San Diego,
CA: Plural Publishing; 2008.
37. Sato K, Hirano M, Nakashima T. Fine structure of the human newborn and infant
vocal fold mucosae. The Annals of otology, rhinology, and laryngology. 2001;110(5 Pt
1):417-424.
38. Stathopoulos ET, Sapienza C. Respiratory and laryngeal measures of children
during vocal intensity variation. J Acoust Soc Am. 1993;94(5):2531-2543.
39. François M, Dumont A, Narcy P. Longitudinal survey of voice quality after
pediatric laryngotracheoplasty. Int J Pediatr Otorhinolaryngol. 1997;40(2–3):163-172.
171

References

40. Eckel HE, Sprinzl GM, Sittel C, Koebke J, Damm M, Stennert E. Anatomy of the
glottis and subglottis in the pediatric larynx. HNO. 2000 Jul;48(7):501-7.
41. Hersan R, Behlau M. Behavioral management of pediatric dysphonia. Otolaryngol
Clin North Am. 2000;33(5):1097-1109.
42. Wolf LS, Glass RP. Feeding and swallowing disorders in infancy: Assessment and
management 2nd ed. Pennsylvania: Academic Press; 1992.
43. Hartnick CJ, Rehbar R, Prasad V. Development and maturation of the pediatric
human vocal fold lamina propria. Laryngoscope. 2005 Jan;115(1):4-15.
44. Andrews ML. Manual of voice treatment: Pediatrics through geriatrics. 1st ed. San
Diego, CA: Singular Publishing Group; 1999
45. Butler JE, Hammond TH, Gray SD. Gender-related differences of hyaluronic acid
distribution in the human vocal fold. The Laryngoscope. 2001;111(5):907-911.
46. Lebl MDA, Martins JRM, Nader HB, Simões MdJ, De Biase N. Concentration and
distribution of hyaluronic acid in human vocal folds. The Laryngoscope.
2007;117(4):595-599.
47. Meredith ML, Theis SM, McMurray JS, Zhang Y, Jiang JJ. Describing pediatric
dysphonia with nonlinear dynamic parameters. Int J Pediatr Otorhinolaryngol.
2008;72(12):1829-1836.
48. Nicollas R, Garrel R, Ouaknine M, Giovanni A, Nazarian B, Triglia J-M. Normal
voice in children between 6 and 12 years of age: Database and nonlinear analysis. J
Voice. 2008;22(6):671-675.
49. Vilkman E. Voice problems at work: A challenge for occupational safety and health
arrangement. Folia Phoniatr Logop. 2000 Jan-Jun;52(1-3):120-5.
50. Rosen CA, Lee AS, Osborne J, Zullo T, Murry T. Development and validation of
the Voice Handicap Index-10. The Laryngoscope. 2004;114(9):1549-1556.
51. Cohen SM, Kim J, Roy N, Asche C, Courey M. Direct health care costs of
laryngeal diseases and disorders. The Laryngoscope. 2012;122(7):1582-1588.
52. Benninger MS, Ahuja AS, Gardner G, Grywalski C. Assessing outcomes for
dysphonic patients. J Voice. 1998 Dec;12(4):540-50.
53. Blood GW, Mahan BW, Hyman M. Judging personality and appearance from voice
disorders. J Commun Disord. 1979;12(1):63-67.
54. Ruscello DM, Lass NJ, Podbesek J. Listeners’ perceptions of normal and voicedisordered children. Folia Phoniatrica et Logopaedica. 1988;40(6):290-296.
55. Verduyckt I, Remacle M, Jamart J, Benderitter C, Morsomme D. Voice-related
complaints in the pediatric population. J Voice. 2011 May;25(3):373-80.
56. Zacharias SRC, Kelchner LN, Creaghead N. Teachers' perceptions of adolescent
females with voice disorders. Lang Speech Hear Serv Sch. 2013 April 1,
2013;44(2):174-182.
57. Ma EP-M, Yu CH-Y. Listeners' attitudes toward children with voice problems. J
Speech Lang Hear Res. 2013 October 1, 2013;56(5):1409-1415.
58. Titze IR, Lemke J, Montequin D. Populations in the U.S. workforce who rely on
voice as a primary tool of trade: a preliminary report. J Voice. 1997 Sep;11(3):254-9.
59. Lyberg-A˚hlander V, Haake M, Brännström J, Schötz S, Sahlén B. Does the
speaker's voice quality influence children's performance on a language comprehension
test? Int J Speech Lang Pathol. 2015;17(1):63-73.
60. Hackett AM, Chi D, Kitsko DJ. Patterns of injury and otolaryngology intervention
in pediatric neck trauma. Int J Pediatr Otorhinolaryngol.2012;76(12):1751-1754.
61. Shires CB, Preston T, Thompson J. Pediatric laryngeal trauma: A case series at a
tertiary children's hospital. Int J Pediatr Otorhinolaryngol. 2011;75(3):401-408.
172

References

62. Wootten CT, Bromwich MA, Myer III CM. Trends in blunt laryngotracheal trauma
in children. Int J Pediatr Otorhinolaryngol. 2009;73(8):1071-1075.
63. Mallon AS, Portnoy JE, Landrum T, Sataloff RT. Pediatric arytenoid dislocation:
Diagnosis and treatment. J Voice. 2014;28(1):115-122.
64. Benjamin B. Prolonged intubation injuries of the larynx: endoscopic diagnosis,
classification, and treatment. Ann Otol Rhinol Laryngol Suppl. 1993 Apr;160:1-15.
65. Litman RS, Weissend EE, Shibata D, Westesson PL. Developmental changes of
laryngeal dimensions in unparalyzed, sedated children. Anesthesiology. 2003
Jan;98(1):41-5.
66. Haubner LY, Barry JS, Johnston LC, Soghier L, Tatum PM, Kessler D, et al.
Neonatal intubation performance: Room for improvement in tertiary neonatal intensive
care units. Resuscitation. 2013;84(10):1359-1364.
67. Carron JD, Derkay CS, Strope GL, Nosonchuk JE, Darrow DH. Pediatric
tracheotomies: changing indications and outcomes. Laryngoscope. 2000
Jul;110(7):1099-104.
68. Bastian RW, Richardson BE. Postintubation phonatory insufficiency: An elusive
diagnosis. Otolaryngol Head Neck Surg. 2001;124(6):625-633.
69. Bray D, Cavalli L, Eze N, Mills N, Hartley BEJ. Dysphonia secondary to traumatic
avulsion of the vocal fold in infants. J Laryngol Otol [Case Reports].
2010;124(11):1229-33.
70. Carlos Fraga J, de Souza JCK, Kruel J. Pediatric tracheostomy. J Pediatr (Rio J).
2009;85(2).
71. Hoeve LJ, Eskici O, Verwoerd CDA. Therapeutic reintubation for post-intubation
laryngotracheal injury in preterm infants. Int J Pediatr Otorhinolaryngol. 1995;31(1):713.
72. Alladi A, Rao S, Das K, Charles AR, D'Cruz AJ. Pediatric tracheostomy: a 13-year
experience. Pediatr Surg Int. 2004 Sep;20(9):695-8.
73. Ho JJ, Subramaniam P, Henderson-Smart DJ, Davis PG. Continuous distending
pressure for respiratory distress in preterm infants (Review). Chichester, UK: Ltd JWS;
200274. Mahmoud RA, Roehr CC, Schmalisch G. Current methods of non-invasive
ventilatory support for neonates. Paediatr Respir Rev. 2011;12(3):196-205.
75. Sundararajan I, Kumar K, Rangachari V, Sumathi V. Laryngeal sequelae following
prolonged intubation: A prospective study. IndJCritCareMed. 2006;10(3):171-175.
76. Levin RMD, Kissoon NMD, Froese NMD. Fibreoptic and Videoscopic Indirect
Intubation Techniques for Intubation in Children. Pediatr Emerg Care. 2009;25(7):473482.
77. Tadié J-M, Behm E, Lecuyer L, Benhmamed R, Hans S, Brasnu D, et al. Postintubation laryngeal injuries and extubation failure: a fiberoptic endoscopic study.
Intensive Care Med. 2010;36(6):991-998.
78. Cordeiro AM, Shin SH, Fernandes IC, Bousso A, Troster EJ. Incidence and
endoscopic characteristics of airway injuries associated endotracheal intubation in
children. Incidência e caracteristicas endoscópicas de lesões das vias aéreas associadas à
intubação traqueal em crianças. Revista da Associacao Medica
Brasileira;2004;50(1):87-92.
79. Downing GJ, Kilbride HW. Evaluation of airway complications in high-risk
preterm infants: Application of flexible fiberoptic airway endoscopy. Pediatrics.
1995;95(4):567-572.
80. Schweiger C, Marostica PJC, Smith MM, Manica D, Carvalho PRA, Kuhl G.
Incidence of post-intubation subglottic stenosis in children: prospective study. The
Journal of Laryngology & Otology. 2013 [cited 2013];127(04):399-403.
173

References

81. Mencke T, Echternach M, Kleinschmidt S, Lux P, Barth V, Plinkert PK, et al.
Laryngeal morbidity and quality of tracheal intubation: a randomized controlled trial.
Anesthesiology. 2003;98(5):1049-56.
82. Vijayasekaran S, Sances R, Cotton R, Elluru RG. Changes in the cricoarytenoid
joint induced by intubation in neonates. Arch Otolaryngol Head Neck Surg. 2006
December 1, 2006;132(12):1342-1345.
83. Doherty KM, Tabaee A, Castillo M, Cherukupally SR. Neonatal tracheal rupture
complicating endotracheal intubation: a case report and indications for conservative
management. Int J Pediatr Otorhinolaryngol. 2005;69(1):111-116.
84. Taylor C, Subaiya L, Corsino D. Pediatric cuffed endotracheal tubes: an evolution
of care. Ochsner J. 2011 Spring;11(1):52-6.
85. Lönnqvist PA. Cuffed or uncuffed tracheal tubes during anaesthesia in infants and
small children: time to put the eternal discussion to rest? Br J Anaesth. 2009 December
1, 2009;103(6):783-785.
86. Mesiano G, Davis GM. Ventilatory strategies in the neonatal and paediatric
intensive care units. Paediatr Respir Rev. 2008;9(4):281-289.
87. Weiss M, Dullenkopf A, Fischer JE, Keller C, Gerber AC. Prospective randomized
controlled multi-centre trial of cuffed or uncuffed endotracheal tubes in small children.
Br J Anaesth. 2009 December 1, 2009;103(6):867-873.
88. Duracher C, Schmautz E, Martinon C, Faivre J, Carli P, Orliaguet G. Evaluation of
cuffed tracheal tube size predicted using the Khine formula in children. Pediatric
Anesthesia. 2008;18(2):113-118.
89. Berkovits RMDP. Comment on the pediatric larynx. Anesth Analg.
2010;110(5):1510.
90. Morison SJ, Holsti L, Grunau RE, Whitfield MF, Oberlander TF, Chan HWP, et al.
Are there developmentally distinct motor indicators of pain in preterm infants? Early
Hum Dev. 2003;72(2):131-146.
91. da Silva PSL, Reis ME, Aguiar VE, Fonseca MCM. Unplanned extubation in
neonatal intensive care unit: A systematic review, critical appraisal and evidence-eased
recommendations. Respir Care. 2012 December
92. Robertson NJ, McCarthy LS, Hamilton PA, Moss AL. Nasal deformities resulting
from flow driver continuous positive airway pressure. Arch Dis Child Fetal Neonatal Ed.
1996 Nov;75(3):F209-12.
93. Morrissey MS, Bailey CM. Diagnosis and management of subglottic stenosis after
neonatal ventilation. Arch Dis Child. 1990 Oct;65(10):1103-4.
94. Miller DJ, Carlo WA. Pulmonary complications of mechanical ventilation in
neonates. Clin Perinatol [Review]. 2008;35(1):273 - 281.
95. Walz PC, Hubbell MP, Elmaraghy CA. Voice related quality of life in pediatric
patients with a history of prematurity. Int J Pediatr Otorhinolaryngol. 2014;78(7):10101014.
96. Seri I, Evans J. Limits of viability: Definition of the gray zone. J Perinatol.
2008;2008(28):S4 - S8.
97. French N. Consensus statement on perinatal care. J Paediatr Child Health.
2007;43(6):492-493.
98. Doyle LW. Neonatal intensive care at borderline viability—is it worth it? Early
Hum Dev. 2004;80(2):103-113.
99. So BH, Tamura M, Mishina J, Watanabe T, Kamoshita S. Application of nasal
continuous positive airway pressure to early extubation in very low birthweight infants.
Arch Dis Child Fetal Neonatal Ed. 1995 May;72(3):F191-3.
174

References

100. Carbajal R, Eble B, Anand KJS. Premedication for tracheal intubation in neonates:
Confusion or controversy? Semin Perinatol. 2007;31(5):309-317.
101. McGuire W, Henderson G, Fowlie PW. Feeding the preterm infant. BMJ.
2004 ;329(7476):1227-1230.
102. Gewolb IH, Vice FL, Schweitzer-Kenney EL, Taciak VL, Bosma JF.
Developmental patterns of rhythmic suck and swallow in preterm infants. Dev Med
Child Neurol. 2001;43(1):22-27.
103. Peter CS, Wiechers C, Bohnhorst B, Silny J, Poets CF. Influence of nasogastric
tubes on gastroesophageal reflux in preterm infants: A multiple intraluminal impedance
study. J Pediatr. 2002;141(2):277-279.
104. Omari TI, Barnett C, Snel A, Goldsworthy W, Haslam R, Davidson G, et al.
Mechanisms of gastroesophageal reflux in healthy premature infants. J Pediatr.
1998;133(5):650-654.
105. Omari T, Barnett C, Snel A, Davidson G, Haslam R, Bakewell M, et al.
Mechanism of gastroesophageal reflux in premature infants with chronic lung disease. J
Pediatr Surg. 1999;34(12):1795-1798.
106. Benjamin JR, Smith PB, Cotten CM, Jaggers J, Goldstein RF, Malcolm WF.
Long-term morbidities associated with vocal cord paralysis after surgical closure of a
patent ductus arteriosus in extremely low birth weight infants. J Perinatol. 2010
Jun;30(6):408-13.
107. Ellison RC, Peckham GJ, Lang P, Talner NS, Lerer TJ, Lin L, et al. Evaluation of
the preterm infant for patent ductus arteriosus. Pediatrics. 1983 March 1,
1983;71(3):364-372.
108. Coceani F, Baragatti B. Mechanisms for ductus arteriosus closure. Semin
Perinatol. 2012 Apr;36(2):92-7.
109. Koehne Petra S, Bein G, Alexi-Meskhishvili V, Weng Y, Bührer C, Obladen M.
Patent ductus arteriosus in very low birthweight infants: complications of
pharmacological and surgical treatment J Perinat Med . Issue 4, 2001;29(4):327-334.
110. Clement WA, El-Hakim H, Phillipos EZ, Cote JJ. Unilateral vocal cord paralysis
following patent ductus arteriosus ligation in extremely low-birth-weight infants. Arch
Otolaryngol Head Neck Surg. 2008 Jan;134(1):28-33.
111. Røksund OD, Clemm H, Heimdal JH, Aukland SM, Sandvik L, Markestad T, et al.
Left vocal cord paralysis after extreme preterm birth, a new clinical scenario in adults.
Pediatrics. 2010 December 1, 2010;126(6):e1569-e1577.
112. Sato K, Nakashima T. Histopathologic changes in laryngeal mucosa of extremely
low-birth weight infants after endotracheal intubation. The An Otol Rhinol Laryngol.
2006;115(11):816.
113. Martins RHG, Tavares ELM, Fabro AT, Martins MG, Dias NH. Mucosal bridge
of the vocal fold: Difficulties in the diagnosis and treatment. J Voice. 2012;26(1):127131.
114. Smith JD, Cotton R, Meyer CM, 3rd. Subglottic cysts in the premature infant.
Arch Otolaryngol Head Neck Surg. 1990 Apr;116(4):479-82.
115. Downing GJ, Hayen LK, Kilbride HW. Acquired subglottic cysts in the low-birthweight infant: Characteristics, treatment, and outcome. Am J Dis Child. 1993
Sep;147(9):971-4.
116. Tierney P, Francis I, Morrison G. Acquired subglottic cysts in the low birth weight,
pre-term infant. J Laryngol Otol. 1997;111(05):478-481.
117. Duynstee MLG, de Krijger RR, Monnier P, Verwoerd CDA, Verwoerd-Verhoef
HL. Subglottic stenosis after endolaryngeal intubation in infants and children: result of
wound healing processes. Int J Pediatr Otorhinolaryngol. 2002;62(1):1-9.
175

References

118. Sherman JM, Lowitt S, Stephenson C, Ironson G. Factors influencing acquired
subgottic stenosis in infants. J Pediatr. 1986 Aug;109(2):322-7.
119. Sherman JM, Nelson H. Decreased incidence of subglottic stenosis using an
"appropriate-sized" endotracheal tube in neonates. Pediatr Pulmonol. 1989;6(3):183-5.
120. Suzumura H, Nitta A, Tanaka G, Kuwashima S, Hirabayashi H. Role of infection
in the development of acquired subglottic stenosis in neonates with prolonged
intubation. Pediatr Int. 2000;42(5):508-513.
121. Morrison MD, Maber BR. Crico-arytenoid joint obliteration following longterm
intubation in the premature infant. J Otolaryngol. 1977 Aug;6(4):277-83.
122. Benjamin BN, Gray SD, Bailey CM. Neonatal vocal cord paralysis. Head Neck.
1993;15(2):169-72.
123. Thach BT. Recurrent laryngeal nerve injury during patent ductus ligation: Can this
common complication be reduced. J Perinatol. 2010;30(6):371-372.
124. Zbar RIS, Chen AH, Behrendt DM, Bell EF, Smith RJH. Incidence of vocal fold
paralysis in infants undergoing ligation of patent ductus arteriosus. Ann Thorac Surg.
1996;61(3):814-816.
125. Spanos WC, Brookes JT, Smith MC, Burkhart HM, Bell EF, Smith RJ. Unilateral
vocal fold paralysis in premature infants after ligation of patent ductus arteriosus:
vascular clip versus suture ligature. Ann Otol Rhinol Laryngol. 2009 Oct;118(10):750-3.
126. Daniel M, McArdle B, Osland K, Cheng AT. Vocal cord reconstruction to treat
aspiration caused by a post-intubation posterior glottic furrow. Int J Pediatr
Otorhinolaryngol. 2013;76(11):1688-90.
127. Bauman NM, Benjamin B. Subglottic ductal cysts in the preterm infant:
Association with laryngeal intubation trauma. Ann of Otol Rhinol Laryngol.
1995;104(12):963.
128. Walz PC, Hubbell MP, Elmaraghy CA. Voice related quality of life in pediatric
patients with a history of prematurity. Int J Pediatr Otorhinolaryngol. 2014;78(7):10101014.
129. French N, Kelly R, Vijayasekaran S, Reynolds V, Lipscombe J, Buckland A, et al.
Voice abnormalities at school age in children born extremely preterm. Pediatrics. 2013
Mar;131(3):e733-9.
130. Christoforidis A, Tsakalides C, Chatziavramidis A, Karagianni P, Dimitriadou M,
Konstantinidis I. Sizeable acquired subglottic cyst in a baby with Williams-Beuren
syndrome: Association or coincidence? Gene. 2013;529(1):148-149.
131. Garten L, Salm A, Rosenfeld J, Walch E, Buhrer C, Huseman D. Dysphonia at 12
months corrected age in very low-birth-weight-born children. Eur J Pediatr.
2011;170:469 - 475.
132. Oates J. Auditory-perceptual evaluation of disordered voice quality. Folia Phoniatr
Logo. 2009;61(1):49.
133. Reynolds V, Meldrum S, Simmer K, Vijayasekaran S, French N. Dysphonia in
very preterm children: A review of the evidence. Neonatology. 2014;106(1):69-73.
134. Mori K. Vocal fold nodules in children: preferable therapy. Int J Pediatr
Otorhinolaryngol. 1999;49, Supplement 1:S303-S306.
135. Lass NJ, Ruscello DM, Stout LL, Hoffmann FM. Peer perceptions of normal and
voice-disordered children. Folia Phoniatr Logo. 1991;43(1):29-35.
136. Ruddy BH, Sapienza CM. Treating voice disorders in the school-based
settingworking within the framework of IDEA. Lang Speech Hear Serv.
2004;35(4):327-332.
137. Wilson JA, Deary IJ, Millar A, Mackenzie K. The quality of life impact of
dysphonia. Clin Otolaryngol Allied Sci. 2002 Jun;27(3):179-82.
176

References

138. Reynolds V, Meldrum S, Simmer K, Vijayasekaran S, French N. Laryngeal
pathology at school age following very preterm birth. Int J Pediatr Otorhinolaryngol.
2015;79(3):398-404.
139. Reynolds V, Meldrum S, Simmer K, Vijayasekaran S, French NP. Dysphonia in
preterm children: Assessing incidence and response to treatment. Contemp Clin Trials.
2014;37(2):170-175.
140. Reynolds V, Buckland A, Bailey J, Lipscombe J, Nathan E, Vijayasekaran S, et al.
Objective assessment of pediatric voice disorders with the Acoustic Voice Quality
Index. J Voice. 2012;26(5):672.e1-672.e7.
141. Sidell DR, Zacharias S, Balakrishnan K, Rutter MJ, de Alarcon A. Surgical
management of posterior glottic diastasis in children. Ann Otol Rhinol Laryngol. 2014
Jul 25;124(1):72-78.
142. Reynolds V, Meldrum S, Simmer K, Vijayasekaran S, French N. Intubationrelated dysphonia following extreme preterm birth: Case studies in behavioural voice
intervention. SIG 3 Perspectives on Voice and Voice Disorders. 2014;24(3):124-129.
143. Roy N, Barkmeier-Kraemer J, Eadie T, Sivasankar MP, Mehta D, Paul D, et al.
Evidence-based clinical voice assessment: A systematic review. Am J Speech Lang
Pathol. 2013 May 1, 2013;22(2):212-226.
144. Carding PN, Wilson JA, MacKenzie K, Deary IJ. Measuring voice outcomes: state
of the science review. JLaryngol Otol. 2009;123(08):823-829.
145. Eadie TL, Doyle PC. Classification of dysphonic voice: Acoustic and auditoryperceptual measures. J. 2005;19(1):1-14.
146. Hartnick CJ, Zeitels SM. Pediatric video laryngo-stroboscopy. Int J Pediatr
Otorhinolaryngol. 2005;69(2):215-219.
147. Chen EY, Inglis Jr AF. Bilateral vocal cord paralysis in children. Otolaryngol Clin
North Am. 2008;41(5):889-901.
148. Wohl DL. Nonsurgical management of pediatric vocal fold nodules. Arch
Otolaryngol. 2005;131(1):68-70.
149. McMurray JS. Medical and surgical treatment of pediatric dysphonia. Otolaryngol
Clin North Am. 2000;33(5):1111-1125.
150. Smith ME. Care of the child's voice: A pediatric otolaryngologist's perspective.
Semin Speech Lang. 2013;34(2):63-70.
151. Lotz WK, D'Antonio LL, Chait DH, Netsell RW. Successful nasoendoscopic and
aerodynamic examinations of children with speech/voice disorders. Int J Pediatr
Otorhinolaryngol. 1993;26(2):165-172.
152. Hay I, Oates J, Giannini A, Berkowitz R, Rotenberg B. Pain perception of children
undergoing nasendoscopy for investigation of voice and resonance disorders. J Voice.
2009;23(3):380-388.
153. Maryn Y, Roy N, De Bodt M, Van Cauwenberge P, Corthals P. Acoustic
measurement of overall voice quality: a meta-analysis. J Acoust Soc Am. 2009
Nov;126(5):2619-34.
154. Maryn Y, Corthals P, De Bodt M, Van Cauwenberge P, Deliyski D. Perturbation
measures of voice: a comparative study between Multi-Dimensional Voice Program and
Praat. Folia Phoniatr Logop. 2009;61(4):217-26.
155. Mehta DD, Hillman RE. Voice assessment: updates on perceptual, acoustic,
aerodynamic, and endoscopic imaging methods. Curr Opin Otolaryngol Head Neck
Surg. 2008 Jun;16(3):211-5.
156. Wolfe V, Cornell R, Fitch J. Sentence/vowel correlation in the evaluation of
dysphonia. J Voice. 1995;9 (3):297 - 303.
177

References

157. Moon KR, Chung SM, Park HS, Kim HS. Materials of acoustic analysis:
Sustained vowel versus sentence. J Voice. 2012;26(5):563-565.
158. Maryn Y, Roy N. Sustained vowels and continuous speech in the auditoryperceptual evaluation of dysphonia severity. J Soc Bras Fonoaudiol. 2012;24(2):107-12.
159. Zraick RI, Wendel K, Smith-Olinde L. The effect of speaking task on perceptual
judgment of the severity of dysphonic voice. J Voice. 2005 Dec;19(4):574-81.
160. Hakkesteegt M, Wieringa M, Brocaar M, Mulder P, Feenstra L. The Interobserver
and test-retest variability of the Dysphonia Severity Index. Folia Phoniatr Logo.
2008;60(2):86.
161. Watts CR, Awan SN. Use of spectral/cepstral analyses for differentiating normal
From hypofunctional voices in sustained vowel and continuous speech contexts. J
Speech Lang Hear Res. 2011 December 1, 2011;54(6):1525-1537.
162. Maryn Y, Weenink D. Objective dysphonia measures in the program Praat:
Smoothed cepstral peak prominence and Acoustic Voice Quality Index. J
Voice. ;29(1):35-43.
163. Maryn Y, De Bodt M, Roy N. The Acoustic Voice Quality Index: Toward
improved treatment outcomes assessment in voice disorders. J Commun Disord.
2010 ;43(3):161-174.
164. Dejonckere PH, Bradley P, Clemente P, Cornut G, Crevier-Buchman L, Friedrich
G, et al. A basic protocol for functional assessment of voice pathology, especially for
investigating the efficacy of (phonosurgical) treatments and evaluating new assessment
techniques. Eur Arch Otorhinolaryngol. 2001;258(2):77-82.
165. Carding P, Carlson E, Epstein R, Mathieson L, Shewell C. Formal perceptual
evaluation of voice quality in the United Kingdom. Logoped Phoniatr Vocol.
2000;25(3):133-138.
166. de Alarcon A, Brehm SB, Kelchner LN, Meinzen-Derr J, Middendorf J, Weinrich
B. Comparison of pediatric voice handicap index scores with perceptual voice analysis
in patients following airway reconstruction. Ann Otol Rhinol Laryngol. 2009
Aug;118(8):581-6.
167. Krival K, Kelchner LN, Weinrich B, Baker SE, Lee L, Middendorf JH, et al.
Vibratory source, vocal quality and fundamental frequency following pediatric
laryngotracheal reconstruction. Int J Pediatr Otorhinolaryngol. 2007;71(8):1261-1269.
168. Nuss RC, Ward J, Huang L, Volk M, Woodnorth GH. Correlation of vocal fold
nodule size in children and perceptual assessment of voice quality. Ann Otol Rhinol
Laryngol. 2010;119(10):651-655.
169. Nemr K, Simões-Zenari M, Cordeiro GF, Tsuji D, Ogawa AI, Ubrig MT, et al.
GRBAS and Cape-V scales: High reliability and consensus when applied at different
times. J Voice. 2012;26(6):812.e17-812.e22.
170. Chan KMK, Yiu EML. The effect of anchors and training on the reliability of
perceptual voice evaluation. JSpeech Hear Res:. 2002;45(1):111-126.
171. Schindler A, Tiddia C, Ghidelli C, Nerone V, Albera R, Ottaviani F. Adaptation
and validation of the Italian pediatric voice handicap index. Folia Phoniatr Logo.
2011;63(1):9-14.
172. Camargo Z, Madureira S. In: Voice quality analysis from a phonetic perspective:
Voice Profile Analysis Scheme (VPAS) for Brazilian Portugese. 2008; Catholic
University of Sao Paulo.
173. Karnell MP, Melton SD, Childes JM, Coleman TC, Dailey SA, Hoffman HT.
Reliability of clinician-based (GRBAS and CAPE-V) and patient-based (V-RQOL and
IPVI) documentation of voice disorders. J Voice. 2007;21(5):576-590.
178

References

174. De Bodt MS, Wuyts FL, Van de Heyning PH, Croux C. Test-retest study of the
GRBAS scale: Influence of experience and professional background on perceptual
rating of voice quality. J Voice. 1997;11(1):74-80.
175. Tezcaner CZ, Ozgursoy SK, Sati I, Dursun G. Changes after voice therapy in
objective and subjective voice measurements of pediatric patients with vocal nodules.
Eur Arch Otorhinolaryngol. 2009;266(12):1923-1927.
176. MacKenzie K, Millar A, Wilson JA, Sellars C, Deary IJ. Is voice therapy an
effective treatment for dysphonia? A randomised controlled trial. BMJ.
2001;323(7314):658.
177. Kreiman J, Gerratt BR, Kempster GB, Erman A, Berke GS. Perceptual evaluation
of voice quality: Review, tutorial, and a framework for future research. J Speech Hear
Res. 1993;36(1):21-40.
178. Johnson K, Brehm SB, Weinrich B, Meinzen-Derr J, de Alarcon A. Comparison
of the Pediatric Voice Handicap Index with perceptual voice analysis in pediatric
patients with vocal fold lesions. Arch Otolaryngol Head Neck Surg. 2011
Dec;137(12):1258-62.
179. Varni JW, Burwinkle TM, Lane MM. Health-related quality of life measurement
in pediatric clinical practice: an appraisal and precept for future research and application.
Health Qual Life Outcomes. 2005;3:34.
180. Verduyckt I, Remacle M, Jamart J, Benderitter C, Morsomme D. Voice-related
complaints in the pediatric population. J Voice. 2011;25(3):373-380.
181. Hartnick CJ. Validation of a pediatric voice quality-of-life instrument: The
Pediatric Voice Outcome Survey. Arch Otolaryngol Head Neck Surg. 2002
Aug;128(8):919-22.
182. Boseley ME, Cunningham MJ, Volk MS, Hartnick CJ. Validation of the Pediatric
Voice-Related Quality-of-Life survey. Arch Otolaryngol Head Neck Surg. 2006
Jul;132(7):717-20.
183. Ricci-Maccarini A, De Maio V, Murry T, Schindler A. Development and
validation of the Children's Voice Handicap Index-10 (CVHI-10). J Voice.
2013;27(2):258.e23-258.e28.
184. Bach KK, McGuirt Jr WF, Postma GN. Pediatric laryngopharyngeal reflux. Ear
Nose Throat J. 2002;81(9 SUPPL. 2):27-31.
185. Scope of Practice in Speech Pathology. Melbourne, Australia: The Speech
Pathology Association of Australia Limited; 2003.
186. Roy N, Holt KI, Redmond S, Muntz H. Behavioral characteristics of children with
vocal fold nodules. J Voice . 2007;21(2):157-168.
187. Signorelli ME, Madill CJ, McCabe P. The management of vocal fold nodules in
children: A national survey of speech-language pathologists. Int J Speech Lang Pathol.
2011;13(3):227-238.
188. Oates J, Winkworth A. Current knowledge, controversies and future directions in
hyperfunctional voice disorders. Int J Speech Lang Pathol. 2008;10(4):267-277.
189. Benninger MS. Quality of the voice literature: What is there and what is missing. J
Voice. 2011;25(6):647-652.
190. Trani M, Ghidini A, Bergamini G, Presutti L. Voice therapy in pediatric functional
dysphonia: A prospective study. Int J Pediatr Otorhinolaryngol. 2007;71(3):379-384.
191. Lee E-K, Son Y-I. Muscle tension dysphonia in children: Voice characteristics
and outcome of voice therapy. Int J Pediatr Otorhinolaryngol. 2005;69(7):911-917.
192. Allen KD. EMG biofeedback treatment of pediatric hyperfunctional dysphonia. J
Behav Ther Exp Psychiatry. 1991;22(2):97-101.
179

References

193. Sataloff RT, Mandel S, Mann EA, Ludlow CL. Practice parameter: laryngeal
electromyography (an evidence-based review). J Voice. 2004;18(2):261-274.
194. Nienkerke-Springer A, McAllister A, Sundberg J. Effects of family therapy on
children's voices. J Voice. 2005;19(1):103-113.
195. Moran MJ, Pentz AL. Otolaryngologists' opinions of voice therapy for vocal
nodules in children. Lang Speech Hear Serv Sch. 1987;18(2):172-178.
196. Pedersen M, Beranova A, Moller S. Dysphonia: Medical treatment and a medical
voice hygiene advice approach. A prospective randomised pilot study. Eur Arch
Otorhinolaryngol. 2004 Jul;261(6):312-5.
197. Valadez V, Ysunza A, Ocharan-Hernandez E, Garrido-Bustamante N, SanchezValerio A, Pamplona MC. Voice parameters and videonasolaryngoscopy in children
with vocal nodules: A longitudinal study, before and after voice therapy. Int J Pediatr
Otorhinolaryngol. 2012;76(9):1361-1365.
198. Adaptive S. Speech Viewer III for Windows. Edmark Available from:
http://www.synapseadaptive.com/edmark/prod/sv3/
199. Block BB, Brodsky L. Hoarseness in children: The role of laryngopharyngeal
reflux. Int J Pediatr Otorhinolaryngol. 2007;71(9):1361-1369.
200. Stavroulaki P. Diagnostic and management problems of laryngopharyngeal reflux
disease in children. Int J Pediatr Otorhinolaryngol. 2006;70(4):579-590.
201. George M, Monnier P. Long-term voice outcome following partial cricotracheal
resection in children for severe subglottic stenosis. Int J Pediatr Otorhinolaryngol.
2010;74(2):154-160.
202. Zalzal GH, Loomis SR, Derkay CS, Murray SL, Thomsen J. Vocal quality of
decannulated children following laryngeal reconstruction. Laryngoscope. 1991
Apr;101:425-9.
203. Aubry K, Leboulanger N, Harris R, Genty E, Denoyelle F, Garabedian E-N. Laser
arytenoidectomy in the management of bilateral vocal cord paralysis in children. Int J
Pediatr Otorhinolaryngol. 2010;74(5):451-455.
204. Baker S, Kelchner L, Weinrich B, Lee L, Willging P, Cotton R, et al. Pediatric
laryngotracheal stenosis and airway reconstruction: A review of voice outcomes,
assessment, and treatment issues. J Voice. 2006;20(4):631-641.
205. Arviso LC, Klein AM, Johns III MM. The management of postintubation
phonatory pnsufficiency. J Voice. 2012;26(4):530-533.
206. Smith BE, Kempster GB, Sims HS. Patient factors related to voice therapy
attendance and outcomes. J Voice. 2010;24(6):694-701.
207. McKinnon DH, McLeod S, Reilly S. The prevalence of stuttering, voice, and
speech-sound disorders in primary school students in Australia. Lang Speech Hear Serv
School. 2007;38(1):5-15.
208. de Gaudemar I, Roudaire M, François M, Narcy P. Outcome of laryngeal paralysis
in neonates: a long term retrospective study of 113 cases. Int J Pediatr Otorhinolaryngol.
1996;34:101-110.
209. Cohen SM. Self-reported impact of dysphonia in a primary care population: an
epidemiological study. Laryngoscope. 2010 Oct;120(10):2022-32.
210. Lass NJ, Ruscello DM, Bradshaw KH, Blankenship BL. Adolescents' perceptions
of normal and voice-disordered children. J Commun Disord. 1991;24(4):267-274.
211. Milstein CF. Clinical and instrumental evaluation of voice disorders. American
Speech-Language Hearing Association; 2009.
212. Gupta SK. Intention-to-treat concept: A review. Perspect Clin Res. 2011
Jul;2(3):109-12.
180

References

213. French N, Kelly R, Vijayasekaran S, Reynolds V, Lipscombe J, Buckland A, et al.
Voice abnormalities at school age in children born extremely preterm. Pediatrics. 2012.
214. Te Pas AB, Lopriore E, Engbers MJ, Walther FJ. Early respiratory management of
respiratory distress syndrome in very preterm infants and bronchopulmonary dysplasia:
a case-control study. PLoS ONE. 2007;2(2):e192.
215. Wilcox MA, Johnson IR, Maynard PV, Smith SJ, Chilvers CE. The individualised
birthweight ratio: a more logical outcome measure of pregnancy than birthweight alone.
Br J Obstet Gynaecol. 1993;100(4):342-7.
216. Reynolds V, Meldrum S, Simmer K, Vijayasekaran S, French N. Laryngeal
pathology at school age following very preterm birth. Int J Pediatr Otorhinolaryngol.
2015;79(3): 398-404.
217. Amir OA, Biron-Shental TB. The impact of hormonal fluctuations on female
vocal folds. Curr Opin Otolaryngol. 2004;12(3):180-184.
218. Schuman TA, Jacobs B, Walsh W, Goudy SL. Iatrogenic perinatal
pharyngoesophageal injury: A disease of prematurity. Int J Pediatr Otorhinolaryngol.
2010;74(4):393-397.
219. Saigal S, Doyle LW. An overview of mortality and sequelae of preterm birth from
infancy to adulthood. The Lancet. 2008;371(9608):261-269.
220. Kelly HW, Nelson HS. Potential adverse effects of the inhaled corticosteroids. J
Allergy Clin Immunol. 2003;112(3):469-478.
221. Cohen SM, Kim J, Roy N, Asche C, Courey M. Prevalence and causes of
dysphonia in a large treatment-seeking population. Laryngoscope. 2012 ;122(2):343-8.
222. Clary RA, Pengilly A, Bailey M, Jones N, Albert D, Comins J, et al. Analysis of
voice outcomes in pediatric patients following surgical procedures for laryngotracheal
stenosis. Arch Otolaryngol Head Neck Surg. 1996, 1996;122(11):1189-1194.
223. Altman KW. Vocal fold masses. Otolaryngol Clin North Am. 2007;40(5):10911108.
224. Hirschberg J. Dysphonia in infants. Int J Pediatr Otorhinolaryngol. 1999;49,
Supplement 1(0):S293-S296.
225. Reynolds V, French N, Simmer K, Vijayasekaran S, Meldrum S. An observational
study of voice disorders in school-aged children following very preterm birth.
Submitted for publication. 2015.
226. Schweinfurth JM, Thibeault SL. Does hyaluronic acid distribution in the larynx
relate to the newborn's capacity for crying? Laryngoscope. 2008 Sep;118(9):1692-9.
227. Mallon AS, Portnoy JE, Landrum T, Sataloff RT. Pediatric Arytenoid Dislocation:
Diagnosis and Treatment. J Voice. 2014;28(1):115-122.
228. Kupfer RA, Callaghan BC, Hogikyan ND. Neurogenic vocal fold motion
impairment after routine intubation for tonsillectomy in a pediatric patient. J Voice.
2014;28(1):112-114.
229. Harmon J, Balakrishnan K, De Alarcon A, Hart CK. The nasogastric tube
syndrome in infants. Int J Pediatr Otorhinolaryngol. 2014;78(5):882-884.
230. Possamai V, Hartley B. Voice disorders in children. Pediatr Clin North Am.
2013;60(4):879-92.
231. Saigal S, Stoskopf B, Streiner D, Boyle M, Pinelli J, Paneth N, et al. Transition of
extremely low-birth-weight infants from adolescence to young adulthood: comparison
with normal birth-weight controls. JAMA. 2006;295(6):667-75.
232. Smith E, Lemke J, Taylor M, Kirchner HL, Hoffman H. Frequency of voice
problems among teachers and other occupations. J Voice. 1998;12(4):480-488.

181

References

233. Reynolds V, Meldrum S, Simmer K, Vijayasekaran S, French N. Dysphonia in
extremely preterm children: A longitudinal observation. Logop Phoniatr Voc.
2015;Accepted for publication.
234. McIntire JB, Simon L. Epiglottic and arytenoid cyst in a preterm infant: Case
report and review of the literature. International Journal of Pediatric
Otorhinolaryngology Extra. 2012;7(3):144-146.
235. Akin Senkal O, Ciyiltepe M. Effects of voice therapy in school-age children. J
Voice. 2013 Nov;27(6):787 e19-25.
236. Colton RH, Casper JK, Leonard R. Understanding voice problems: a physiological
perspective for diagnosis and treatment. Baltimore, MD: Lippincott, Williams &
Wilkins; 2006.
237. Laukkanen AM, Lindholm P, Vilkman E, Haataja K, Alku P. A physiological and
acoustic study on voiced bilabial fricative /β:/ as a vocal exercise. J Voice.
1996;10(1):67-77.
238. Shrivastav R, Yamaguchi H, Andrews M. Effects of stimulation techniques on
vocal responses: Implications for assessment and treatment. J Voice. 2000;14(3):322330.
239. Citardi MJ, Yanagisawa E, Estill J. Videoendoscopic analysis of laryngeal
function during laughter. Ann Oto Rhino Laryngol. 1996;105(7):545-9.
240. Verdolini K, Druker DG, Palmer PM, Samawi H. Laryngeal adduction in resonant
voice. J Voice. 1998;12(3):315-327.
241. Chen SH, Hsiao T-Y, Hsiao L-C, Chung Y-M, Chiang S-C. Outcome of resonant
voice therapy for female teachers with voice disorders: Perceptual, physiological,
acoustic, aerodynamic, and functional measurements. J Voice. 2007;21(4):415-425.
242. Resonant Voice Therapy. New York: Thieme Medical Publishing; 2009.
243. Verdolini Abbott K. [Webinar]. In: Adventures in Voice. 2012: MultiVoice
Dimensions.
244. Pring T. Research methods in communication disorders. London: Whurr
Publishers; 2005.
245. Kelchner LN, Brehm SB, Weinrich B, Middendorf J, deAlarcon A, Levin L, et al.
Perceptual evaluation of severe pediatric voice disorders: rater reliability using the
consensus auditory perceptual evaluation of voice. J Voice. 2010 Jul;24(4):441-9.
246. Ricci-Maccarini A, De Maio V, Murry T, Schindler A. Development and
validation of the Children's Voice Handicap Index-10 (CVHI-10). J Voice.
2013:27(2);258.e23-258.e28.
247. Boseley ME, Hartnick CJ. Assessing the outcome of surgery to correct
velopharyngeal insufficiency with the pediatric voice outcomes survey. Int J Pediatr
Otorhinolaryngol. 2004;68(11):1429-1433.
248. Maturo S, Hill C, Bunting G, Ballif C, Maurer R, Hartnick C. EStablishment of a
normative pediatric acoustic database. Arch Otolaryngol. 2012;138(10):956-961.
249. Ting H-N, Chia S-Y, Manap HH, Ho A-H, Tiu K-Y, Abdul Hamid B.
Fundamental frequency andperturbation measures of sustained vowels in Malaysian
Malay Children between 7 and 12 years old. J Voice. 2012;26(4):425-430.
250. Barsties B, Maryn Y. Der Acoustic Voice Quality Index in Deutsch. HNO.
2012;60(8):715-720.
251. Landis J, Koch G. The measurement of observer agreement for categorical data.
Biometrics. 1977;1977(33):159 - 74.
252. Maryn Y, Bodt M, Barsties B, Roy N. The value of the Acoustic Voice Quality
Index as a measure of dysphonia severity in subjects speaking different languages. Eur
Arch Otorhinolaryngol. 2013.10(26):1-11.
182

References

253. Simpson SJ, Hall GL, Wilson AC. Lung function following very preterm birth in
the era of ‘new’ bronchopulmonary dysplasia. Respirology. 2015;20(4):535-540.
254. Sahrawat R, Robb MP, Kirk R, Beckert L. Effects of inhaled corticosteroids on
voice production in healthy adults. Logoped Phoniatr Vocol. 2014 Oct;39(3):108-16.
255. Ongkasuwan J, Friedman EM. Is voice therapy effective in the management of
vocal fold nodules in children? Laryngoscope. 2013;123(12):2930-2931.
256. Hansen JK, Thibeault SL. Current understanding and review of the literature:
Vocal fold scarring. J Voice. 2006;20(1):110-120.
257. Branski RC, Verdolini K, Sandulache V, Rosen CA, Hebda PA. Vocal fold wound
healing: A review for clinicians. J Voice. 2006;20(3):432-442.

183

