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ABSTRACT

Background

This is an update of a Cochrane Review first published in The Cochrane Library in Issue 4, 2007.

Poor voice quality due to a voice disorder can lead to a reduced quality of life. In occupations where voice use is substantial it can lead
to periods of absence from work.

Objectives

To evaluate the effectiveness of interventions to prevent voice disorders in adults.

Search methods

We searched databases including CENTRAL, MEDLINE, EMBASE, CINAHL, PsycINFO and OSH Update to March 2010.

Selection criteria

Randomised controlled clinical trials (RCTs) evaluating interventions for preventing voice disorders in adults. For work-directed
interventions, interrupted time-series and prospective cohort studies were also eligible.

Data collection and analysis
Two authors independently extracted data and assessed trial risk of bias. We performed meta-analysis where appropriate.

Main results

We identified six randomised controlled trials including a total of 262 participants. Four studies were conducted with primary school or
kindergarten teachers, one with student teachers and one with telemarketers.

Three studies found similar self-reported vocal symptoms between those who attended direct voice training and those who were in a no
intervention control group (standardised mean difference (SMD) 0.27; 95% Cl -0.12 to 0.66).

Two studies found similar self-reported vocal symptoms between those who attended indirect voice training and those who were in a no
intervention control group (SMD 0.44; 95% CI -0.03 to 0.92).

Interventions for preventing voice disorders in adults (Review) 1
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One study found similar scores on the Voice Handicap Index for those who had direct and indirect voice training combined and for those
who had no intervention. Two studies compared a combination of direct and indirect voice training with indirect voice training only. Both
studies found similar scores for self-reported phonation difficulty (mean difference -5.55; 95% CI -23.75 to 12.66) in both groups.

The evidence for all comparisons was rated as low quality.

No work-directed studies were found. No studies evaluated the effectiveness of prevention in terms of sick leave or number of diagnosed
voice disorders.

Authors' conclusions

We found no evidence that either direct or indirect voice training or the two combined are effective in improving self-reported
vocal functioning when compared to no intervention. The current practice of giving training to at-risk populations for preventing the
development of voice disorders is therefore not supported by definitive evidence of effectiveness. Larger and methodologically better trials
are needed with outcome measures that better reflect the aims of interventions.

PLAIN LANGUAGE SUMMARY

Interventions for preventing voice disorders in adults

People in occupations where voice use is central, such as teachers, are more at risk of developing voice disorders. The definition of voice
disorders and their possible causes as well as the best methods for preventing them are still being debated. There is also no consensus
on the best method of evaluating the voice, although many consider auditory voice quality assessment (where an expert judge listens
to a recording of a participant's voice and makes his or her own judgment of its level of abnormality) as a gold standard measure. Voice
training is used to prevent voice disorders. Voice training usually consists of a combination of 'direct’ and 'indirect' treatment techniques.
Direct techniques focus on the underlying physiological changes needed to improve an individual's technique in using the vocal system
and may aim to alter vocal fold closure (adduction), respiratory patterns or resonance, pitch or articulatory tension. In practice this means
training about how to achieve correct posture, breathing techniques and making various sounds like humming, singing musical scales or
yawning. Indirect techniques, on the other hand, concentrate on contributory and maintenance aspects of the voice disorder and may
involve relaxation strategies, counselling, explanation of the normal anatomy and physiology of the vocal tract, explanation of the causal
factors of voice disorders and voice care and conservation.

We conducted a systematic search of the literature on preventing voice disorders in adults. We then appraised the quality of the studies
found and combined their results. We found six studies which met our inclusion criteria. Four were conducted with teachers, one with
student teachers and one with telemarketers.

We found no evidence that either direct or indirect voice training nor the two combined are effective in improving vocal functioning when
measured using self-reported outcomes and when compared to no intervention.

All the included studies were small and of low methodological quality. Given the extent of the problem and the widespread use of voice
training, further research is warranted.

Interventions for preventing voice disorders in adults (Review) 2
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BACKGROUND

This is an update of a Cochrane Review first published in The
Cochrane Library in Issue 4, 2007.

In modern society, there is an increasing demand for oral
communication in many occupations. It has been estimated that a
well-functioning voice is essential to one-third of the labour force
(Laukkanen 1995; Verdolini 2001; Vilkman 2004). Furthermore, it
has been argued that the use of the voice in various professional
and social contexts is constantly growing (Vilkman 2000b), due to
the prevalence of new speech technology applications, such as
mobile phones.

People who use their voice as a main tool in their work, i.e.
professional voice users, often suffer from voice symptoms to a
varying extent (Fritzell 1996; Scherer 1987; Smith 1998; Titze 1997).
Teachers have been found to be the largest occupational group
among those seeking medical help for voice problems (Fritzell
1996; Herrington-Hall 1988). Between 20% to 80% of teachers have
reported suffering from various voice symptoms (Sala 2001; Smith
1997). These studies have investigated voice symptoms rather than
cases in which specific voice disorders have been diagnosed. The
risk factors in voice-utilising professions include background noise,
poor room acoustics, long speaking distance, poor quality of air
(dryness, dust), poor working posture and vocal loading itself
from speaking or singing (Vilkman 1996). Vocal load is measured
in terms of time and intensity: the longer and louder a person
has to talk, the greater the strain on the voice will be and the
more vocal capacity is required (Buekers 1998). Pre-professional
voice training can be advantageous for future occupational voice
users, but it is often insufficiently organised and, as a result,
fails to prevent voice problems (Ohlsson 1987; Vilkman 2000a).
The educational programmes for singers and actors who are
required to have a high quality of voice in their occupation include
voice training. Other professionals also exposed to high vocal
loading (teachers, salespersons, military, clergy), however, are only
occasionally provided with training and usually on the worker's
own initiative. For example, many teachers regard their vocal
symptoms as inherent to their occupation and do not necessarily
take appropriate countermeasures (Morton 1998).

Voice quality is a continuum between normal and abnormal
extremes, which is why the differentiation of a disordered voice
from a normal one is complicated. A person may produce a
hoarse voice without any sign of abnormality in the larynx.
On the other hand, people with certain laryngeal pathologies
do not necessarily reveal appreciable vocal disturbances until
a considerably advanced stage (Treole 1997). In this review we
consider people with voice problems or symptoms as not having
a voice disorder until they have been identified/diagnosed as
such by an ear, nose and throat (ENT) specialist or a speech-
language pathologist (SLP). In the literature voice fatigue, voice
symptoms, voice problems and voice disorders are all terms used
when studying occupational voice and its loading. Vocal loading
is a combination of prolonged voice use and "additional loading
factors (e.g. background noise, acoustics, air quality) affecting
the fundamental frequency, type and loudness of phonation or
the vibratory characteristics of the vocal folds as well as the
external frame of the larynx" (Vilkman 2004). There is usually no
direct dose-response relationship between vocal loading and self-
perceived voice problems as the threshold for seeking clinical help

varies greatly between individuals. In this situation, prevention
programmes that share knowledge or skills can help in preserving
and improving the voice. However, when people suffering from
voice problems seek clinical help for them, they are often
diagnosed as having a voice disorder. Hence, instead of prevention
they are offered voice therapy. Having a voice disorder always
implies that voice symptoms are experienced as problems, but
experiencing symptoms does not always mean that a person has
a voice disorder. Usually the reported voice problems include
self-perceived voice symptoms and reductions in physical, social,
emotional or professional well-being (Verdolini 2001).

It has been stated that "in general, the goal of voice care, both
prevention and treatment, is to restore the best voice possible,
a voice that will be functional for purposes of employment and
general communication" (Colton 2006). The educational approach
can help individuals to identify factors that may contribute to a
voice problem, alter and avoid them, and modify vocal behaviour
before any damage occurs (Duffy 2003). Early identification of
voice problems is also likely to reduce their severity and the
time needed for recovery (Russell 1998). Proper care of the voice
also plays a key role in restoring and preserving the individual's
occupational capacity (Ramig 1998). Interventions directed toward
preventing voice disorders can be divided into person-directed
interventions (e.g. voice training) and work- or environment-
directed interventions (e.g. ergonomic consultation/education and
improving the acoustic conditions of the workplace).

We have defined prevention programmes as interventions which
are offered to people at risk of voice disorders. In this review
we chose self-reported measures of voice handicap (participation
restrictions), voice symptoms and voice-related quality of life as
primary indicators of the effectiveness of prevention activities. This
is because of the variation between individuals in how a particular
voice disturbance is perceived to affect their communication or
ability to fulfil social and occupational responsibilities. All other
measures of vocal or laryngeal performance are considered as
secondary outcomes, along with measures of sickness absence and
return to work.

Studies of the effectiveness of non-surgical interventions for
treating diagnosed voice disorders have also been conducted. They
have been dealt with in a separate review (Ruotsalainen 2007).

OBJECTIVES

1. To evaluate the effectiveness of interventions aimed at
preventing voice disorders or reducing the incidence of voice
problems in adults in comparison to no intervention or other
intervention methods.

2. To categorise interventions aimed at preventing voice disorders
or reducing the incidence of voice problems in adults who due
to their occupation, studies, hobby or lifestyle are at risk of
developing a voice disorder.

METHODS

Criteria for considering studies for this review
Types of studies

We considered for inclusion all randomised controlled studies
or cluster-randomised trials evaluating the effectiveness of
interventions to prevent voice disorders in adults. For

Interventions for preventing voice disorders in adults (Review)
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environmental or work-related interventions, it is much more
difficult to randomise when the intervention is applied at the
group level. For this type of intervention we also considered
for inclusion prospective cohort studies (otherwise known as
controlled clinical trials, controlled before-after studies or quasi-
experimental studies).

Types of participants

We included studies in which the participants were adults (16 or
over), who due to their occupation, studies, hobby or lifestyle
were at risk of developing a voice disorder but had not yet
been identified/diagnosed as having one by an ear, nose and
throat (ENT) specialist or a speech-language pathologist (SLP). The
voice changes throughout life. In childhood the morphology of
vocal fold tissues keeps changing and during puberty the larynx
grows (Titze 1994).The three connective tissue layers of the lamina
propria, despite being apparent already during puberty, continue
to become more differentiated until the age of 16 or 17 (Colton
2006). In advanced age some age-related changes (e.g. ossification,
atrophy, dystrophy and oedema) affect phonation (Jasper 2000).
However, it is the physiological rather than the chronological age
which has a strong impact on how well the larynx functions in
phonation (Titze 1994). In this study we considered participants
older than 16 years as adults.

Types of interventions

We included studies with any kind of intervention aimed at
preventing voice problems or reducing the incidence of voice
problems. We categorised interventions as:

1. direct voice training, i.e. training that is applied directly to the
voice production apparatus;

2. indirect voice training, i.e. training that is applied to other
functions (physical or cognitive) thatinfluence voice production;
and

3. the above combined.

We compared interventions with no intervention and, where
possible, with alternative interventions.

Types of outcome measures
Primary outcomes

As primary outcomes we included patient-reported measures of
voice handicap, voice symptoms or voice-related quality of life.
Voice handicap is a measure of why patients with the same
amount of voice disorder experience different levels of 'handicap'
or 'disability' as defined by the WHO (Franic 2005).

Secondary outcomes

As secondary outcomes we included all other measurement
techniques for establishing the state of vocal or laryngeal
performance including:

1. aerodynamic measurements;
2. fundamental frequency and/or intensity (e.g. phonetography);

3. perceptual (visual or auditory) measurements (e.g. stroboscopy,
GRBAS, etc.);

4. physiological measurements; and
5. acoustic voice analysis (e.g. perturbation measurements).

We intended to include studies measuring sickness absence or
return to work but no studies were found using these outcomes.

Search methods for identification of studies
Electronic searches

We searched the literature for evaluation studies of interventions
for functional voice disorders without restrictions on language or
publication. Systematic search strategies were developed together
with the Cochrane ENT Group Trials Search Co-ordinator and the
Cochrane Occupational Health Field Information Specialist.

For the original version of this review we searched the Cochrane
Central Register of Controlled Trials (CENTRAL) (The Cochrane
Library 2006, Issue 2), MEDLINE (PubMed, 1950 to March 2006),
EMBASE (embase.com, 1974 to March 2006), CINAHL (OVID, 1983 to
March 2006), PsycINFO (webSPIRS, 1967 to February 2006), Science
Citation Index (ISI Web of Science, Thomson, 1986 to March 2006)
and the Occupational Health databases OSH-ROM (webSPIRS, to
February 2006). The search string for randomised controlled trials
is based on Robinson 2002 and the string for non-randomised
studies on Verbeek 2005. Since the opportunities for naming and
classifying voice disorders and their various treatments are so
abundant, the searches were developed with the aim of maximum
sensitivity at the expense of specificity. The date of the last search
was the 5 April 2006. Details of the search strategies used can be
found in Appendix 1, Appendix 2 and Appendix 3.

For the 2010 update of this review we searched the Cochrane
Central Register of Controlled Trials (CENTRAL) (The Cochrane
Library 2010, Issue 1), MEDLINE (PubMed, 2006 to March 2010),
EMBASE (embase.com, 2006 to March 2010), CINAHL (OVID, 2006
to 19 March 19 2010), PsycINFO (OVID, 2006 to 9 March 9 2010)
and OSH Update (all databases, 2006 to March 2010). In addition,
we searched the following databases in June 2009: the Cochrane
ENT Group Trials Register, AMED, BIOSIS Previews, CAB Abstracts,
ISI Web of Science, LILACS, KoreaMed, China National Knowledge
Infrastructure, mRCT and ICTRP. The date of the last search was 19
March 2010. Details of the updated search strategies can be found
in Appendix 4, Appendix 5, Appendix 6, Appendix 7, Appendix 8 and
Appendix 9.

Searching other resources

We also carefully reviewed references from articles. We contacted
authors of studies and other expertsin the field for advice on further
studies.

Data collection and analysis
Selection of studies

After employing the search strategies outlined above, three
authors (JR, JS and LL) undertook study selection. Two authors
independently assessed whether each of the studies found met
the inclusion criteria. Disagreements were settled by consensus.
We sought to obtain further information from the authors when a
paper was found to contain insufficient information for reaching a
decision on eligibility. The authors intend to perform a new search
for trials every two years and to update the review accordingly.

Data extraction and management

Three authors (JR, JS and LL) extracted data. Two authors
independently extracted data from each of the included trials

Interventions for preventing voice disorders in adults (Review)
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regarding the country where the study was conducted, the type of
study design used, characteristics of the study participants (as per
study inclusion criteria) and types of interventions and outcomes.
Results data (means and standard deviations) were also extracted
for the purpose of meta-analyses. We requested and received
missing data from the following authors: Orla Duffy, Anne-Maria
Laukkanen and Andrea Gomes. Disagreements were settled by
consensus.

Assessment of risk of bias in included studies

Three authors (JR, JS and LL) independently assessed the risk
of bias in trials according to the guidance given in the Cochrane
Handbook for Systematic Reviews of Interventions (Handbook 2008).

For the appraisal of cohort studies, we intended to use a validated
instrument (Slim 2003). No cohort studies were, however, included
in this review. Disagreements were settled through discussion.

Measures of treatment effect

The results of each trial were plotted as means and standard
deviation (SD) for continuous outcomes and as odds ratios for
dichotomous outcomes. In contrast to the previous version of the
review, we also used standardised mean differences to be able to
pool studies with similar outcomes measured with different scales.
We felt that increasing power by combining small studies with
non-significant findings was important even though we know that
standardised mean differences are more difficult for clinicians to
interpret. We used the general assumption that an effect size of 0.2
indicates a small effect, 0.5 a moderate effect and 0.8 and beyond
a big effect.

Unit of analysis issues

Two studies, Laukkanen 2009 and Ilomaki 2008, used the same
control group. To avoid including the control group participants
twice in the meta-analysis we split the control group participants
equally between the two studies.

Dealing with missing data

Where necessary, we sought missing statistical data (means and
standard deviations) from trial authors. Since all studies had
outcomes using continuous data, we were unable to conduct an
intention-to-treat analysis. Results for the Bovo 2007 study were
calculated from the raw patient data provided in the article because
the reported figures were based on log-transformed data. Bovo
2007 reported the scores separately for each participant. We then
calculated means and standard deviations based on the reported
data. Results for the Oliveira 2009 study were calculated from raw
data obtained from the author because the voice symptom scores
inthe article were reported separately for men and women and they
did notinclude standard deviations. In addition to the results of the
voice symptom questionnaire, Oliveira 2009 also reported the same
data as symptoms being absent or present and as improvement,
worsening or no change. We did not use these data. The results
for the Laukkanen 2009 study were obtained from the authors
because they reported their results only in figures. This data set
also contained the results for the self-reported outcomes used in
the Ilomaki 2008 study and so we used the results data obtained
from the authors and not those presented in this article. This also
enabled us to use only the after work day measurements because
in Ilomaki 2008 the before and after work day measurements had
been merged as means.

Assessment of heterogeneity

We tested for statistical heterogeneity by means of the I2 statistic
in the meta-analysis graphs. If this value is greater than 50%
there is substantial heterogeneity between studies. When studies
were statistically heterogeneous, we used a random-effects model;
otherwise we used a fixed-effect model. All estimates included a
95% confidence interval (95% Cl).

Assessment of reporting biases

We planned to assess publication bias by means of funnel plots.
However, the small number of included studies did not enable this.

Data synthesis

For interventions directed at individuals, we used only randomised
controlled trials to draw conclusions. For work- or environment-
directed interventions that are applied at the group level we
intended to include also prospective cohort studies but none were
identified that met our inclusion criteria.

The decision as to whether to perform quantitative pooling was
based on clinical homogeneity. We defined clinically homogeneous
studies as those with similar populations, interventions and
outcomes measured at the same follow-up point. The main
problem in combining studies was the use of various outcome
measures. We judged the Voice Handicap Index, vocal symptom
score and questionnaire of vocal symptoms to be conceptually
sufficiently similarto allow us to pool the results using standardised
mean differences as implemented in the RevMan 5 software
(RevMan 2008).

We rated the quality of evidence according to the GRADE system
of high, moderate, low and very low quality as described in
the Cochrane Handbook for Systematic Reviews of Interventions
(Handbook 2008). For RCTs we started at the level of high quality
of evidence and downgraded the quality by one or more levels
depending on the number of qualifiers met.

Sensitivity analysis

We did not conduct any sensitivity analyses.
RESULTS

Description of studies
Study selection

The original systematic searches yielded a set of 5937 references.
From these, we identified a set of 46 potentially eligible studies
based on title and abstract. These were then scrutinised further
with regard to our inclusion and exclusion criteria. Altogether
we excluded 44 studies leaving a total of two studies. The
updated search strategies in March 2010 yielded a new set of
1696 references. From these, we identified a set of 48 potentially
eligible studies. We then scrutinised the full-text articles further
with regard to our inclusion and exclusion criteria. Altogether we
excluded 47 studies leaving a total of four new studies, out of
which two publications (Ilomaki 2008; Laukkanen 2009) reported
results based on overlapping samples. However, since the two
studies reported on two different comparisons (Ilomaki 2008: voice
training and voice hygiene lecture versus voice hygiene lecture
alone; Laukkanen 2009: Voice Massage(TM) and voice hygiene
lecture versus voice hygiene lecture alone) they are treated here as
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two separate studies. This brings the new total number of included
studies to six.

Study designs

All of the included studies were randomised controlled trials. We
were also aiming to include studies with interrupted time-series
and controlled before-after designs for work-directed interventions
but the final sample contained none of these.

Country and time period

Four of the included studies were conducted in Europe: two in
Finland (llomaki 2008 and Laukkanen 2009), one in the United
Kingdom (Duffy 2004) and one in Italy (Bovo 2007). One study was
conducted in Australia (Pasa 2007) and one in Brazil (Oliveira 2009).
All the included studies are very recent.

Type of settings and participants

Interventions were conducted in occupational settings. In [lomaki
2008, Laukkanen 2009 and Pasa 2007 the participants were primary
school teachers. In Bovo 2007 the participants were kindergarten
and primary school teachers and in Duffy 2004 they were student
teachers. In Oliveira 2009 the participants were telemarketers.

Sample sizes

The total number of participants in the intervention groups was 147
and in the control groups 115.

Interventions

We found the following types of interventions:

1. Direct voice training

Three studies (Duffy 2004; Oliveira 2009; Pasa 2007) evaluated
the effectiveness of training using direct intervention techniques
alone compared to no intervention. In general, direct techniques
focus on the underlying physiological changes needed to improve
an individual's technique in using the vocal system. In Duffy
2004 this consisted of training focused on posture, respiration,
release of tension in the vocal apparatus, resonance and voice
projection. The authors do not provide any details regarding the
type, length or frequency of vocal exercises. In Oliveira 2009 direct
voice training consisted of vocal warm-up and cool-down as well as
group activities regarding the psychodynamics of voice production.
In order to promote vocal warm-up, facilitating sounds, body
movement techniques with sound production, overarticulation
exercises, semi-occluded vocal tract exercises (hand-over-mouth
technique) and chant talk exercises were used in eight 30-minute
modules offered weekly. The facilitating sounds included humming
sounds associated with chewing movements, fricatives and voice
sounds associated with ascending musical scales (from C3to C4) in
staccato and legato. For cool-down, voice sounds were also used,
with descending musical scales (from G3 to C3), as well as the yawn-
sigh technique and laryngeal manipulation. In Pasa 2007 direct
voice training consisted of warm-up, stretching, contracting, and
adductory strengthening exercises to be practised at home, twice
each, twice per day, preferably morning and evening, for a six-week
period.

2. Indirect voice training

Two studies (Duffy 2004; Pasa 2007) looked at indirect voice
training alone compared to no intervention. Indirect techniques

concentrate on the contributory and maintenance aspects of the
voice disorder (such as lack of knowledge). In Duffy 2004 this
consisted of providing information on the mechanics of voice
production, the amount and type of voice use, vocal behaviours
thought to be phonotraumatic, hydration issues and lifestyle and
diet factors that can support or interfere with a healthy voice. In
Pasa 2007 participants were informed of the prevalence and impact
of voice problems in teachers, basic anatomy and physiology of
voice production, symptoms of voice disorders, strategies to reduce
harmful vocal behaviours, managing and minimising health factors
that contribute to the development and maintenance of voice
problems, and changes to the speaking environment that increase
vocal efficiency and reduce vocal harm. The training consisted of
one two-hour group session and three 30-minute group sessions
over ten weeks.

3. Direct and indirect voice training combined

Three studies (Bovo 2007; Iloméaki 2008; Laukkanen 2009) looked
at direct and indirect voice training combined. In Bovo 2007 the
intervention consisted of lectures and a practical session. The
lecture concerned the anatomy and physiology of phonation,
the causes of and predisposing factors to abnormal vocal
fold pathology, the warning symptoms of vocal fatigue, voice
ergonomics (i.e. vocal hygiene, strategies to reduce vocal demand
in the classroom, and changing behaviour in daily life to reduce
vocal abuse), classroom acoustics, and amplification systems.
The practical session consisted of group voice therapy training:
efficient respiratory behaviour; laryngeal muscle relaxation;
manual circumlaryngeal therapy; relaxed voicing with elimination
of hard glottal attack, chewing, voicing, yawn-sigh, chant talk
and pitch inflections; proper oral-nasal resonance; and developing
greater oral opening. The course had a duration of seven hours
and consisted of two theoretical lectures each 90 minutes long
and two sessions of group voice therapy each of 120 minutes. In
Ilom&ki 2008 the intervention consisted of a three-hour lecture
and five one-hour voice training lessons during nine weeks. The
lecture concerned the basics of voice and speech production, the
main factors causing vocal loading in teachers, methods available
to avoid overloading, and basics of economic versus non-economic
voice use. The voice training course was geared towards gaining
ease and endurance in voice production, and getting rid of any
poor vocal habits. The learning methods were introspections,
discussions, voice exercises and individualised homework with
a view to finding economic voice production, i.e. avoidance of
excessive muscle tension of the larynx, deep breathing technique,
firmness of phonation without effort, well-resonating voice quality
to improve audibility, and adequate individual pitch and loudness
range and variation. In Laukkanen 2009 another randomly chosen
group of 30 participants was added to the sample used in Ilomaki
2008. These participants also received the three-hour voice hygiene
lecture and in addition they were given Voice Massage(TM) in five
one-hour sessions over a period of 11 weeks. Voice Massage(TM)
consists of manipulation of voice and speech production muscles of
the larynx, respiration and articulation. It also includes some vocal
and respiratory exercises during manipulation.

Outcomes measured
1. Primary outcomes: self-report measures

Two studies (Duffy 2004; Bovo 2007) used the Voice Handicap
Index (VHI) (Jacobson 1999). The VHI is a 30-item five-point Likert
scale which assigns a number to how frequently the responder
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experiences particular problems described in the statements, with
0=never and 4 =frequently. The scores have a potential range from
0 to 120 with the higher score correlating with a greater impact.

One study (Duffy 2004) used the Vocology Screening Profile (Hazlett
2001). This 18-item questionnaire measures the frequency of the
occurrence of vocal symptoms with a five-point Likert scale, with 0
=never and 4 = frequently. The range of potential scores is 0 to 72.

One study (Pasa 2007) used the vocal use patterns at work
questionnaire (13 items) and the vocal capabilities questionnaire
(17 items). The former required participants to indicate how often
they used particular negative vocal behaviours at work (e.g. throat
clearing and shouting over large distances) by rating on a 100
mm visual analogue scale (VAS) ranging from "never" to "every
time | use my voice" for every question. The results were reported
as mean sums of ratings on a scale from 0 (no vocal misuse) to
1300 (greatest amount of vocal misuse). The latter questionnaire
aimed to identify the extent to which participants experienced
vocal symptoms associated with throat discomfort, breath control,
pitch, loudness, voice quality and projection. For every question the
participants rated their perception of their vocal abilities on a 100
mm VAS that ranged from "never" to "every time | use my voice".
The results were reported as mean sums of ratings on a scale from
0 (no symptoms) to 1700 (most severe symptoms).

Two studies (llomaki 2008 and Laukkanen 2009) used three
visual analogue scales for subjective evaluations: mean phonation
difficulty (0 = particularly easy voice production; 100 = ordinary
voice production; 200 = very difficult voice production), mean voice
quality (0 = very good; 100 = ordinary quality; 200 = very poor
quality) and mean throat tiredness (0=no tiredness at all; 100 =very
tired).

One study (Oliveira 2009) used the questionnaire of vocal
symptoms (Lehto 2003) which is composed of 11 items. Responses
to these items are given on a four-point scale including: 1 = not
even once a year or never, 2 = a few times a year or sometimes, 3
= approximately once a month or quite often, and 4 = almost every
week or very often. The questionnaire results in composite scores
that add up the individual scores for each item.

The study by Oliveira 2009 also used an adapted version of a
questionnaire originally used by Lehto 2003 and named it the
Benefits Obtained with Vocal Training (BVT) questionnaire. Of the
23 items in this questionnaire 11 were selected for use in this study.
Two items were also added: "With the training my voice became
clearer than before" and "With the training my voice became more
resistant to fatigue than before". The adapted BVT questionnaire
was scored: 1 = disagree, 2 = neither agree nor disagree, 3 =
somewhat agree and 4 = agree. Items scored 3 or 4 were considered
agreement. Results were reported as percentages of agreement to
the 13 items of the questionnaire.

2.1. Secondary outcomes: observer-rated measures

One study (Bovo 2007) measured voice quality with the GRBAS
scale (Hirano 1989). In two studies (llomaki 2008; Laukkanen
2009), three experienced voice trainers evaluated text samples
read out loud by the participants for voice quality and firmness of
phonation using the Judge Program (Granqvist 2003) with a VAS
ranging from 0 to 1000 units. Voice quality was assessed with a
unipolar scale: 0 = very poor quality and 1000 = very good quality.

Firmness of phonation was assessed with a bipolar scale: 0 =
breathy phonation, 500 adequate firmness, and 1000 = strained
voice. Results were reported as the mean of the three separate
assessments.

2.2. Secondary outcomes: instrumental measures

One study (Duffy 2004) used the Dysphonia Severity Index (Wuyts
2000). Four studies (Bovo 2007; Ilomé&ki 2008; Laukkanen 2009; Pasa
2007) used one or more of the following measures: fundamental
frequency (F0), jitter, shimmer, sound pressure level, alpha ratio
(the ratio between the spectral energy below and above 1000Hz),
maximum phonational frequency range or maximum phonation
time (MPT) or normalised maximum phonation time (where the
mean normative MPT for each participant's gender was subtracted
from their longest MPT). One study (Bovo 2007) measured noise-to-
harmonic ratio.

Type of control group

Four studies (Duffy 2004; Bovo 2007; Oliveira 2009; Pasa 2007)
employed a no intervention control group. Two studies (Ilomaki
2008 and Laukkanen 2009) used a minimal intervention (a voice
hygiene lecture) as the control group. Two studies (Duffy 2004; Pasa
2007) compared direct and indirect voice training.

Follow up

Duffy 2004 and Oliveira 2009 conducted only baseline and post-
intervention measurements. Pasa 2007 reported baseline, post-
intervention and a follow up of 10 weeks after the initial session.
Bovo 2007 reported follow-up scores for three and 12 months
after intervention. However, the three-month scores were the only
post-intervention measures available for both groups since the 12-
month follow up was completed only for the intervention group.
In Ilomaki 2008 and Laukkanen 2009 measurements were made
before and after a vocally loading working day and at the start and
end of one school term. We used the measurements at the end of
the working day.

Excluded studies

Reasons for excluding the 90 studies were as follows (see
'Characteristics of excluded studies'):

« non-randomised study design;

« participants had dysphonia;

« participants partly the same as in an already included study;
« no self-reported outcome; or

« nointervention.

Risk of bias in included studies
Allocation

When it comes to the prevention of voice disorders the concealment
of allocation into intervention and control groups is not an issue
as participants cannot help but notice if they are involved in an
active intervention. None of the studies reported the method of
randomisation. However, four studies sought validation for the
randomisation procedure by comparing groups after allocation.
Duffy 2004 found no significant differences. Bovo 2007 reported the
groups had been matched for age, working years, hoarseness grade
and vocal demand. Iloméki 2008 and Laukkanen 2009 found no
significant differences in age, years taught, hours taught per week,
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hours taught during term or group size in the classroom. Pasa 2007
found no significant differences in age, years taught or hours taught
per day.

Blinding

When the blinding of those assessing the outcome was an issue,
i.e. with the secondary or observer-rated outcomes like the GRBAS
scalein the Bovo 2007 study, the voice samples were assessed blind
by the first two authors of the study. We assume that this means
that they were unaware of treatment allocation and participant
identity. llomaki 2008 and Laukkanen 2009 did not report the
blinding of their assessors.

Incomplete outcome data

The studies by Bovo 2007 and Oliveira 2009 suffered total losses
of 36% and 52% of their initial samples respectively. Duffy 2004
reports that the training provided to the direct group required the
most time, and due to this there was a drop-out rate. This suggests
that attrition may well have affected the results differentially. No
numbers are given, however. Pasa 2007 reported no drop-outs and
only one participant from the shared control group was excluded
from the analyses in the studies by llomaki 2008 and Laukkanen
2009 because of incomplete recordings. Oliveira 2009 reports that
sample size was estimated according to a previously published
study to allow for attrition. The study by Pasa 2007 is the only
one to report having conducted a priori power calculations to
ensure that even with attrition the study would have had adequate
statistical power to detect significant differences. However, with
the small number of participants in the study either the effect was
overestimated or the variance was underestimated.

Selective reporting

The quality of reporting, especially of results, was poor in most
studies and most of the reported comparisons were within and
not between groups. The results figures reported in Bovo 2007
were based on log-transformed data and not the reported raw
data but this was not explained in the text. Results data for the
Duffy 2004 and the Oliveira 2009 studies were obtained from the
authors as standard deviations were not reported in the text. None
of the authors reported that they had chosen primary outcomes a
priori but all had included multiple outcomes. It is unclear whether
studies reported all outcomes or only a selective proportion of
those that were measured.

Effects of interventions
1. Direct voice training versus no intervention
1.1 Primary outcome self-report measures

One study (Duffy 2004) found similar self-reported vocal
functioning as measured with the Voice Handicap Index in those
who attended direct voice training and in the no intervention
control group (mean difference (MD) 4.99; 95% Cl -0.79 to
10.77). One study (Oliveira 2009) found similar self-reported vocal
functioning as measured with the questionnaire of vocal symptoms
after direct voice training as in the no intervention control group
(MD -1.11; 95% Cl -5.11 to 2.89). One study (Pasa 2007) found a
similar level of self-reported vocal functioning as measured by the
number of voice symptoms in the two groups (post-intervention MD
143.6; 95% Cl -65.57 to 352.77, follow up MD 88.69; 95% Cl -100.76
t0278.14).

When combined in a meta-analysis as standardised mean
differences, the pooled estimate for these three studies for any
voice problem is standardised mean difference (SMD) 0.27 (95% ClI
-0.12 to 0.66). Even though this is not significant it still includes an
appreciable effect of fewer voice problems in the control group.

The numbers of vocal misuse behaviours after direct voice training
were also similar to the no-intervention control group in Pasa 2007
(post-intervention MD 64.73; 95% Cl -65.48 to 194.94, follow up MD
53.99; 95% CI -73.58 to 181.56).

The quality of the evidence from these three studies was
downgraded two levels because of serious risk of bias in all three
studies. Our conclusion that vocal functioning is similar after direct
voice training compared to no intervention is based on low quality
evidence. The 95% confidence interval indicates low precision
because it still includes a moderate effect size of 0.40.

1.2 Secondary outcome instrumental measures

One study (Pasa 2007) found a similar maximum phonation time
immediately after direct voice training and in the no intervention
control group (MD 3.32; 95% CI -0.53 to 7.17) but at follow up
the results favoured the intervention group (MD 3.17; 95% ClI
0.24 to 6.10). The same study also found a similar maximum
phonational frequency range after direct voice training and in the
no intervention control group (post-intervention MD -0.05; 95% Cl
-4.59 t0 4.49, follow up MD -1.03; 95% CI -5.04 to 2.98).

2. Indirect voice training versus no intervention
2.1 Primary outcome self-report measures

One study (Duffy 2004) compared indirect voice training and no
intervention and found similar self-reported vocal functioning as
measured with the Voice Handicap Index (MD 5.47; 95% Cl -1.42
to 12.36). One study (Pasa 2007) found similar numbers of vocal
misuse behaviours after indirect voice training and no intervention
(post-intervention MD 59.24; 95% Cl -52.76 to 171.24, follow up
MD 3.94; 95% CI -115.66 to 123.54) and of voice symptoms (post-
intervention MD 104.62; 95% CI -94.71 to 303.95, follow up MD -25.9;
95% Cl -215.10 to 163.30).

When both studies are combined in a meta-analysis the effect size
for any voice problem is SMD 0.44 with a 95% CI -0.03 to 0.92. Even
though thisis not significant it stillincludes an appreciable effect of
fewer voice problems in the control group.

The quality of the evidence from these two studies was
downgraded two levels because of serious risk of bias in both
studies. We conclude that there is low quality evidence that vocal
functioning is similar after indirect voice training compared to no
intervention. However, the 95% confidence interval also included
anappreciable adverse effectindicating more symptoms after voice
training.

2.2 Secondary outcome instrumental measures

One study (Pasa 2007) compared indirect voice training and no
intervention and found a similar maximum phonation time (post-
intervention MD 2.16; 95% Cl -1.67 t0 5.99, follow up MD 2.86; 95% Cl
-0.27 to 5.99) and a similar maximum phonational frequency range
(post-intervention MD 2.00; 95% CI -1.86 to 5.86, follow up MD 0.71;
95% Cl -3.72 to 5.14).
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3. Direct and indirect voice training combined versus no
intervention

3.1 Primary outcome self-report measures

One study (Bovo 2007) compared direct and indirect voice training
combined with no intervention and found similar self-reported
vocal functioning as measured with the Voice Handicap Index (MD
-7.35; 95% Cl -15.07 t0 0.37).

3.2 Secondary outcome instrumental measures

There is evidence from one study (Bovo 2007) that direct and
indirect voice training combined is effective in improving vocal
functioning as measured with maximum phonation time (MD 3.18
seconds; 95% Cl 1.93 to 4.43) when compared to no intervention.

4. Direct and indirect voice training combined versus indirect
voice training only

4.1 Primary outcome self-report measures

Two studies (Illomaki 2008; Laukkanen 2009) compared direct and
indirect voice training combined with indirect voice training only.
Ilomaki 2008 compared voice training and a voice hygiene lecture
to avoice hygiene lecture only and found similar self-reported vocal
functioning as measured with self-reported phonation difficulty
(MD -4.79; 95% Cl -31.14 to 21.56), voice quality (MD -0.77; 95%
Cl -21.70 to 20.16) or throat tiredness (MD -0.93; 95% Cl -12.88 to
11.02). Laukkanen 2009 compared Voice Massage(TM) and a voice
hygiene lecture to a voice hygiene lecture only and found similar
self-reported vocal functioning as measured with self-reported
phonation difficulty (MD -6.24; 95% Cl -31.42 to 18.94), voice quality
(MD 1.00; 95% CI -19.99 to 21.99) or throat tiredness (MD -0.93; 95%
Cl-13.15t0 11.29).

When the two studies were combined in a meta-analysis, the
pooled mean difference for the phonation difficulty was MD -5.55;
95% CI -23.75 to 12.66.

The quality of the evidence from these two studies was
downgraded two levels because of serious risk of bias. We conclude
that there is low quality evidence that vocal functioning is similar
after direct and indirect voice training combined and indirect voice
training only.

4.2 Secondary outcome perceptual measures

One study (lloméaki 2008) compared direct and indirect voice
training combined with indirect voice training only and found
similarscoresin perceptually assessed voice quality (MD 19.00; 95%
Cl -41.53 to 79.53) and firmness of phonation (MD 16.00; 95% CI
-38.32t0 70.32).

4.3 Secondary outcome instrumental measures

One study (lloméaki 2008) compared direct and indirect voice
training combined with indirect voice training only and found
similar scores in average fundamental frequency (F0) (MD 3.00; 95%
Cl -5.38 to 11.38), sound pressure level (MD -1.00; 95% CI -2.67 to
0.67), alpha ratio (MD 0.30; 95% CI -0.86 to 1.46) and jitter (%) (MD
-0.12; 95% CI -0.40 to 0.15) when reading at habitual loudness. The
same study (Iloméaki 2008) found evidence that direct and indirect
voice training combined is effective in improving shimmer (dB) (MD
-0.19; 95% Cl -0.34 to -0.05) when reading at habitual loudness,
when compared to indirect voice training only.

DISCUSSION

Summary of main results

In this review we did not find evidence for the effectiveness of
direct or indirect voice training nor the two combined in improving
vocal functioning when compared to no intervention as measured
with any patient-reported primary outcome measure. However, the
95% confidence intervals included appreciable effects especially
in favour of the no intervention group. In terms of secondary
outcomes, direct and indirect voice training combined was effective
in increasing maximum phonation time and decreasing shimmerin
two separate studies.

Overall completeness and applicability of evidence

The significant result of an increase in maximum phonation time
found in one study (Bovo 2007) is an indication of compliance
with the intervention as the phonation time increased by 30% in
the intervention group and not in the control group. However, the
baseline values were well below average and therefore the clinical
relevance of this finding is probably low (cf. Raes 1996). The small
decrease in shimmer found in another study (Ilomaki 2008) is also
of questionable importance. A measurement of shimmer (dB) is
an evaluation of the cycle to cycle variability of the amplitude
of vocal fold vibration within the analysed voice sample. Lower
or decreased values therefore suggest a better ability to maintain
periodicity in vocal fold vibration. As the normal human voice is
only quasiperiodic, any voice sample will contain some short-term
variability in both amplitude (i.e. shimmer) and pitch (i.e. jitter).
Average values of shimmer for women without voice problems have
been measured, in a range of studies, as lying somewhere between
0.24 dB and 0.48 dB when measured with the Multi-Dimensional
Voice Program (Kent 2003). According to the authors there are no
normative data for the Intelligent Speech Analyser(TM) used in their
study. Therefore it is difficult to say whether the measured 0.119
dB decrease from 0.486 dB to 0.367 dB in mean shimmer has any
clinical relevance.

Objective measurements such as videolaryngoscopy, acoustical
analysis (frequency, intensity and perturbation measures),
maximum phonation time, etc. have also yet to yield
recommendations for the ranges of a healthy voice, because the
voice and its quality is a continuum unique to each person. Indirect
measures, such as voice failures leading to sick leave or the number
of diagnosed voice disorders, appear not to be used at all as
measures of effectiveness.

The finding that participants tend to report more symptoms or
increased voice handicap following intervention could be due to an
increased awareness of the symptoms and is probably not due to a
real increase in symptoms or handicap.

Apparently the effectiveness of voice training in preventing voice
disorders has not been studied extensively, since we found so
few randomised controlled trials despite our very extensive search
strategy. Our search strategy was also designed to find non-
randomised studies and in so doing we made sure that we
did not overlook any other relevant evidence. An overview of
published non-randomised controlled trials of person-directed
interventions for the prevention of voice problems is presented in
Table 1. According to one study (Hackworth 2007) indirect voice
training only compared with indirect voice training and additional
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information on behavioral modification/teaching techniques did
not result in significant differences in vocal problems, water
consumption, minutes of daily vocal warm up, number of vocal
breaks taken, talking over noise or the use of non-verbal
commands. One study (Timmermans 2004b) compared direct and
indirect voice training combined and no intervention and found
that the groups scored similarly on the Voice Handicap Index.
Another study (Chan 1994) found that direct and indirect voice
training combined was effective in reducing Relative Average
Perturbation when compared to no intervention. The results seem
similar to the findings of our review, but they are difficult to
compare because non-randomised studies are more prone to bias.
However, the non-randomised studies do indicate that we did not
overlook results that would put the review in a totally different
perspective.

Possible reasons for not succeeding in finding a significant positive
prevention effect could be inadequacies in the duration of the
training (the length in time and amount of the sessions) or in the
formulation of the contents of the training. The results we found
do not support the current practice of giving training to at-risk
populations for preventing the development of voice disorders. A
clinically more relevant outcome would be the number of teachers
that report having a current voice problem, such as in Roy 2004.
We can take the figure of 11% for current voice problems from that
study as an indication of the incidence of voice problems among
teachers even though the real incidence would probably be lower. If
we assume that training would be able to reduce voice problems by
aquarter to 8%, then we would need about 1500 study participants
for a sufficiently powered study.

We defined self-reported measures of voice handicap or symptoms
as our primary outcome, because this is the clinical problem that
is most relevant to patients. For example the Voice Handicap Index
(Jacobson 1999) estimates the psychosocial handicap caused by
an already existing voice problem or disorder and it is a frequently
used and validated questionnaire. However, it is difficult to say
what constitutes a clinically relevant result in prevention studies
since any decrease in voice handicap could be relevant at the
population level. Since we do not have a clinical case definition or
cut-off point beyond which we can speak of dysphonia cases it is
not possible to say how many cases have been prevented.

Quality of the evidence

The methodological quality of all included studies was poor.
Even though all included studies were randomised controlled
trials they were small and none of them reported the method
of randomisation used or whether the process was concealed. It
was also difficult to get a good impression of the concealment of
allocation to researchers. We assumed that outcomes that were
measured by questionnaire were reported blind to the researchers
but we could not be certain about this assumption. Most studies
suffered losses to follow up but took no action to deal with the
attrition. The reporting of the studies was also of low quality,
which is reflected in our having to contact the authors for further
information.

The follow-up time after the intervention was 10 months in one
trial, one school term in one trial and three months in another. The
last measurement time was directly after the intervention in the
remaining three trials. In terms of long-term prevention of voice
disorders three months is a rather short follow-up time.

Potential biases in the review process

The negative results of our review cannot be explained by language
bias because we applied no language restrictions to the systematic
search strategy. Itis unlikely that colleagues who determined study
inclusion for non-English articles misunderstood their instructions
and thereby excluded acceptable randomised trials.

Agreements and disagreements with other studies or
reviews

A recent systematic review about preventative voice training
(Hazlett (In Press)) concluded that: "voice training may be
beneficial for professional voice users". This was, however, based
on the conclusions of the authors of the included articles and not
on a synthesis of the available evidence. The final conclusion of
the authors was that evidence of preventative training still remains
inconclusive because of methodological limitations of the included
studies. This concurs partially with the conclusions of our review
where we conclude that there is no evidence for effectiveness.

It is also noteworthy that we did not find any studies of work-
directed or environmental interventions that satisfied ourinclusion
criteria even though it is clear that a voice handicap develops as a
result of the interaction between environmental factors and voice
quality or vocal functioning. For this reason the improvement of
environmental factors could be a fruitful preventive strategy.

AUTHORS' CONCLUSIONS

Implications for practice

We did not find evidence to support the current practice of giving
training to at-risk populations for preventing the development of
voice disorders. This absence of evidence does not necessarily
mean that such training is ineffective. The extent of the problem
and the widespread practice of training means that better
quality studies are urgently needed to be able to give stronger
recommendations.

Implications for research

Itis clear that larger and methodologically better trials are needed
to establish whether the development of voice disorders can be
prevented effectively and efficiently. In terms of study design this
means comparing two groups of participants with high vocal load,
one of which is not given the preventive training. The ethical
dilemma thus produced can be overcome by employing a delayed
treatment control or offering a minimal intervention to the control
group. A randomised design is feasible and should be used to
prevent bias. The follow-up time should be at least one year but
preferably longer to establish a long-term effect. In addition to a
reduction in self-reported symptoms on validated questionnaires,
it should also be noted whether participants go on to develop
dysphonia. The varying use of terminology should be addressed by
seeking consensus regarding meaning and usage.
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Methods RCT

Participants

41 female kindergarten and primary school teachers in Italy

Age: treatment group mean 39.38 (SD 9.0); control group mean 38.50 (SD 8.5)
Both groups were matched for age, working years, hoarseness grade, and vocal demand

Interventions

1) Direct and indirect voice training (21)

The intervention consisted of a course, an educational pamphlet and exercises to be conducted at
home. The course had a duration of 12 hours and consisted of 2 theoretical lectures each 90 minutes
long and 2 sessions of group voice therapy each of 120 minutes. The lectures were conducted by two
MD phoniatricians (the first 2 authors) and covered the following topics: anatomy and physiology of
phonation, the causes and predisposing factors of vocal pathology, the warning symptoms of vocal fa-
tigue, voice ergonomics (i.e. vocal hygiene, strategies to reduce vocal demand in the classroom, and
changing behaviour in daily life to reduce vocal abuse), classroom acoustics and amplification systems.
The practical session consisted of group voice therapy held by 4 speech-language pathologists (SLP)
with at least 15 years experience. During the voice therapy sessions, the participants were divided in-
to groups of 20. The same techniques, as given below, were used by all SLPs and selected according

to familiarity: (1) training of efficient respiratory behaviour through utilisation of low abdominal-di-
aphragmatic breathing; (2) training of laryngeal muscle relaxation using Jacobson-based whole-body
relaxation techniques; (3) manual circumlaryngeal therapy; (4) relaxed voicing with elimination of hard
glottal attacks, chewing voicing, yawn-sigh, chant talk and pitch inflections; (5) proper oral-nasal reso-
nance (Lessac-based resonance therapy); and (6) exercises for developing greater oral opening.

2) No intervention (20)

Outcomes 1) Voice Handicap Index
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Bovo 2007 (Continued)

2) Videolaryngostroboscopy, Fo, jitter, shimmer, noise-to-harmonic ratio, maximum phonation time

Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Adequate sequence gener-  Unclear risk "On entry into the study, all 64 teachers gave consent for inclusion: 32 were
ation? randomized to the treatment group (ages 23-57, mean 39.38, SD 9.0) and 32
(ages 24-54, mean 38.50, SD 8.5) to no treatment. Both groups were matched
for age, working years, hoarseness grade, and vocal demand." (p.4) No further
details reported about the method of randomisation.
Allocation concealment? Unclear risk No details reported regarding whether allocation was concealed or not
Blinding? Low risk "A blinded perceptive voice evaluation with global grade of dysphonia score
All outcomes ('GRBAS' scale) was made separately by the first two authors." (p. 7)
Incomplete outcome data  High risk The authors report that: "With regard to the drop out rate, the number of sub-
addressed? jects who failed to attend the second clinical-instrumental evaluation is in-
All outcomes deed significant." (p. 15) The study suffered a total loss of 36% of the initial
sample. No action was taken by the authors to address this in the results.
Free of selective report- Unclear risk The authors state that: "Mainly the data were analyzed with a repeated-mea-
ing? sures general linear model and an ordinal generalized linear model for multin-
omial data." (p. 8) However, they do not justify the need for such complicated
analysis.
Duffy 2004
Methods RCT
Participants 55 teacher students in the UK
The subjects' ages ranged from 21 to 39 years with an average age of 24.25 years. The subjects had
no known hearing defects, and they self-reported no voice or speech problems and had not attended
training programmes for singing, voice care or stress management in the past.
Interventions 1) Indirect voice training (20)
Indirect training provided information on the mechanics of normal voice production, the amount and
type of voice use, vocal behaviours thought to be phonotraumatic, hydration issues, and lifestyle and
diet factors that can support or interfere with a healthy voice
2) Direct and indirect voice training (12)
The second type, direct training, provided one of the groups with training to encourage healthy vocal
behavior, modifying any inappropriate techniques or compensatory behaviours. More specifically, di-
rect training focused on posture, respiration, release of tension in the vocal apparatus, resonance, and
voice projection
3) No intervention (23)
Outcomes 1) Voice Handicap Index, Vocology Screening Profile
2) Dysphonia Severity Index (Fo-high, I-low, maximum phonation time, jitter)
Notes —
Interventions for preventing voice disorders in adults (Review) 19
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Risk of bias
Bias Authors' judgement Support for judgement
Adequate sequence gener-  Unclear risk "The 55 subjects were randomly divided into three groups: 23 were in the con-
ation? trol group, 20 in the indirect group, and 12 in the direct group." (p. 65). No fur-
ther details reported about the method of randomisation. The authors do
however state in the results that: "No significant differences between groups
were found at the 0.05 level on any of the preintervention measures. There-
fore, the randomization process is validated." (p. 67)
Allocation concealment? Unclear risk No details reported regarding whether allocation was concealed or not
Blinding? High risk This study used self-reported outcomes and instrumentally assessed out-
All outcomes comes and therefore blinding is not an issue
Incomplete outcome data  High risk "The training provided to the direct group required the most time, and due to
addressed? this, there was a drop-out rate. This resulted in unequal numbers and a small-
All outcomes er, direct group by comparison." (p. 68) The authors do not report any details
on the drop-outs or adjust for them in their results.
Free of selective report- High risk In the article the authors report the results only as means per groups in figures
ing? and as the results of ANOVAs. The authors however provided their raw data on
request.
Iloméki 2008
Methods RCT
Participants 59 female primary school teachers in Finland
Mean age: 41.5 in the VHL group (control) and 42.2 in the VT group (intervention)
Experience in years, mean: 15.8 in the VHL group (control) and 15.6 in the VT group (intervention)
Vocal demands, mean: 23 teaching hours per week in the VHL group (control) and 24 hours in the VT
group (intervention)
Total hours taught during the autumn term: 420 in the VHL group and 439 in the VT group
Class size: mean of 19 pupils in the VHL group and 20 in the VT group
Differences between groups were non-significant
Interventions 1) Indirect voice training (voice hygiene lecture only) (29)
After the first pre-intervention recordings, all teachers attended a theoretical voice hygiene lecture
lasting 3 hours. The course objectives of the lecture were to gain knowledge and awareness of the ba-
sics of voice and speech production, the main factors causing vocal loading in teachers, methods avail-
able to avoid overloading, and basics of economic versus non-economic voice use
2) Direct and indirect voice training (voice training and voice hygiene lecture) (30)
This group exercised their voices in 5 voice training lessons (each lesson 1 hour plus individualised
homework) during 9 weeks. The course objectives of the voice training course were to gain ease and en-
durance in voice production, and getting rid of any poor vocal habits. The learning methods were intro-
spections, discussions, voice exercises and individualised homework with a view to finding economic
voice production, i.e. avoidance of excessive muscle tension of the larynx, deep breathing technique,
firmness of phonation without effort, well-resonating voice quality to improve audibility, and adequate
individual pitch and loudness range and variation.
Outcomes 1) Phonation difficulty, voice quality, throat tiredness
2) Voice quality, firmness of phonation, fundamental frequency (F0), sound pressure level, alpha ratio
(the ratio between the spectral energy below and above 1000 Hz), jitter, shimmer
Interventions for preventing voice disorders in adults (Review) 20
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Illomaki 2008 (continued)

Notes —

Risk of bias

Bias Authors' judgement  Support for judgement

Adequate sequence gener-  Unclear risk "All 60 teachers attended a voice hygiene lecture at the beginning of term; 30

ation? of them were randomly assigned to a voice training group" (p. 85). No further
details reported about the method of randomisation.

Allocation concealment? Unclear risk No details reported regarding whether allocation was concealed or not

Blinding? Unclear risk "Three experienced voice trainers evaluated the text samples for voice quality

All outcomes and firmness of phonation..." (p. 86). The authors do not report if the evalua-
tors were blinded to the experimental conditions to which the participants had
been assigned.

Incomplete outcome data  High risk "One of the teachers in the VHL group was excluded from the study at the end

addressed? of the term because of incomplete recordings" (p. 85). However, in the raw da-

All outcomes ta provided by the authors, three participants had dropped out of the experi-
mental group and the control group somehow remained the same.

Free of selective report- Low risk The authors report results for each of the outcomes listed in the Methods sec-

ing? tion

Laukkanen 2009

Methods RCT

Participants 89 female primary school teachers, of whom 59 are the same as in llomaki 2008
Mean age: 41.1 (SD 8.5)
Experience in years, mean: 15.3 (SD 8.8)
Mean teaching hours per week: 24.3 (SD 4.4)

Interventions 1) Direct and indirect training (voice training and voice hygiene lecture) (30)
Same as in Illomaki 2008

2) Direct and indirect training (Voice Massage(TM) and voice hygiene lecture) (30)

Voice Massage(TM) is a Finnish method developed by massage therapist Leena Koskinen. It consists of
manipulation of voice and speech production muscles of the larynx, respiration and articulation. It also
includes some vocal and respiratory exercises during manipulation.

3) Indirect voice training (voice hygiene lecture only) (29)
Same as in Illomaki 2008

Outcomes 1) Phonation difficulty, voice quality, throat tiredness
2) Voice quality, firmness of phonation, fundamental frequency (F0), sound pressure level, alpha ratio
(the ratio between the spectral energy below and above 1000 Hz), jitter, shimmer

Notes —
Risk of bias
Bias Authors' judgement Support for judgement
Interventions for preventing voice disorders in adults (Review) 21
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Laukkanen 2009 (continued)

Adequate sequence gener-  Unclear risk "In addition to the lecture, a randomly chosen group of 30 subjects received

ation? Voice Massage treatment (VM group) and another group of 30 subjects re-
ceived Voice Training (VT group)" (p.58)

Allocation concealment? Unclear risk No details reported regarding whether allocation was concealed or not

Blinding? Unclear risk "...perceptual voice analysis performed by three experienced speech trainers

All outcomes from 1-min text reading samples recorded after the working day" (p. 60). The
authors do not report if the evaluators were blinded to the experimental con-
ditions to which the participants had been assigned.

Incomplete outcome data  High risk Group Ns reported in the article are 3 x 30 but the raw data provided by the

addressed? authors indicated that there had been drop-outs. Ns in the raw data were 30

All outcomes and 27 for the intervention groups and 30 for the control group although in the
Ilomaki 2008 study that reported on the same participants stated that one par-
ticipant had been lost from the control group.

Free of selective report- High risk In the article, the authors do not report numerical results for their primary self-

ing? reported outcomes. The authors however provided these on request.

Oliveira 2009
Methods RCT

Participants

43 telemarketers in Brazil
Age: 18 to 55
Sex: intervention group 64% and control group 83% female

Interventions

1) Direct voice training (14)

The intervention group received an 8-week training programme, including vocal warming-up and cool-
down, as well as tasks to expand the psychodynamic aspects of voice production. In order to promote
vocal warm-up, facilitating sounds, body movement techniques with sound production, overarticu-
lation exercises, semi-occluded vocal tract exercises (hand-over-mouth technique) and chant talk ex-
ercises were used in 8 30-minute modules offered weekly. The facilitating sounds included humming
sounds associated with chewing movements, fricatives and voice sounds associated with ascending
musical scales (from C3 to C4) in staccato and legato. For cool-down, voice sounds were also used, with
descending musical scales (from G3 to C3), as well as the yawn-sigh technique and laryngeal manipula-
tion.

2) No intervention (29)

Outcomes 1) Vocal attrition symptoms, voice symptom score

Notes —

Risk of bias

Bias Authors' judgement Support for judgement

Adequate sequence gener-  Unclear risk "A total of 100 telemarketers (83.3%) attended the lecture, of whom 92 (76.6%)

ation? consented to participate in the current study. Subjects were then randomly as-

signed to an intervention group (n = 44) and a control group (n=48)" (p. 77)

Allocation concealment? Unclear risk No details reported regarding whether allocation was concealed or not
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Blinding? High risk This study used self-reported outcomes only and therefore blinding is not an
All outcomes issue

Incomplete outcome data  High risk "Of the 44 telemarketers in the intervention group, 4 changed positions, were
addressed? unavailable, 10 had over 25% absence and 12 did not show up. The interven-
All outcomes tion group was, therefore, comprised of 14 telemarketers. Of the 48 telemar-

keters in the control group, 39 attended the evaluations and 29 the re-evalua-
tions; this meant a loss of 19 telemarketers". (p. 78-9). In other words, the in-
tervention and control groups suffered losses of 68% and 40% respectively. No
action was taken by the authors to address this in the results.

Free of selective report- High risk The authors reported the results the self-reported outcome for males and fe-
ing? males separately. This was not justified in advance.
Pasa 2007
Methods RCT
Participants 37 primary school teachers in Australia

Mean age: 37 (SD 9.98)

Sex: direct voice training group: 83%, indirect voice training group: 100% and control group: 93% fe-
male

Teaching experience: 13.59 (SD 9.32)

Mean number of teaching per day: 5.54 (SD 0.69)

Interventions 1) Direct voice training (10)
The exercises taught to the participants in this study were a modified version of Stemple's VFE. The
VFE training the teachers received consisted of 4 exercises (warm-up, stretching, contracting, and ad-
ductory strengthening exercises to be practiced at home, twice each, twice per day, preferably morn-
ing and evening, for a 6-week period. The training session began with a brief discussion about the im-
pact and prevalence of voice problems in teachers, and information about how the normal voice works.
The participants in VFE group were then instructed how to perform VFE and how often the exercises
need to be performed. The participants were encouraged to produce all the vocal exercises softly, with
a frontal focus. The researchers demonstrated to the participants how the exercises were to be per-
formed, instructed the them to produce the exercises themselves as a group, and finally divided the
large group into smaller groups (2 or 3 people per group) to practice the exercises. Four student clini-
cians who were trained to perform VFE by the researchers directed each smaller group.

2) Indirect voice training (13)

The vocal hygiene (VH) programme was adapted from the VH programme used by Roy et al. The aim
of the VH training was to introduce healthy vocal behaviours into the participants' daily interactions,
particularly in the school environment. The topics covered in the VH session were the prevalence and
impact of voice problems in teachers, basic anatomy and physiology of voice production, symptoms
of voice disorders, strategies to reduce harmful vocal behaviours, managing and minimising health
factors that contribute to the development and maintenance of voice problems, and changes to the
speaking environment that increase vocal efficiency and reduce vocal harm.

3) No intervention (14)

Outcomes 1) Voice symptoms, vocal misuse behaviours
2) Maximum phonation time, maximum phonational frequency range

Notes —

Risk of bias
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Support for judgement

Adequate sequence gener-  High risk
ation?

"The researchers decided a priori through random allocation that the teach-
ers from the first school that agreed to participate would be allocated to the
VH group. If less than 13 teachers decided to participate from this school (the
required sample size for each group as determined through power analysis),
then the teachers from the second school that volunteered to participate
would also be allocated to the VH group. The next group to which a school (or
schools) would be allocated was the VFE group, and the final group to which a
school (or schools) would be allocated was the control group." (p. 130)

Allocation concealment? Unclear risk

No details reported regarding whether allocation was concealed or not

Blinding? High risk
All outcomes

This study used self-reported outcomes and instrumentally assessed out-
comes and therefore blinding is not an issue

Incomplete outcome data  High risk
addressed?
All outcomes

"...at the commencement of the study there were 13 female participantsin
the VH group, 12 in the VFE group (10 females, 2 males), and 14 in the control
group (13 females, 1 male). Two teachers from the VFE group completed the

initial assessment but were unable to continue participating in the study... The
number of participants in the VFE group was therefore reduced to 10." (p. 130).
The authors do not report any details on the 8 individuals who volunteered to

participate but could not or the 2 participants who dropped out after baseline
measurements. The study suffered a total loss of 21% of the initial sample.

Free of selective report- Low risk
ing?

The authors report the results for all the outcomes measured

RCT = randomised controlled trial
SD = standard deviation

SLP =speech-language pathologists
VFE = vocal function exercises

VH =vocal hygiene

VHL =vocal hygiene lecture

VT =voice training

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Amir 2005 STUDY DESIGN:
No control group

Andersson 1998 STUDY DESIGN:

No control group

Andrews 1986 STUDY DESIGN:

No control group

Barrichelo 2007 STUDY DESIGN:

No control group

Barrichelo-Lindstrom 2009 STUDY DESIGN:

No control group

Bassiouny 1998 ALLOCATION:
Randomised
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Study

Reason for exclusion

PARTICIPANTS:
All participants presented with a variety of vocal pathologies

Behrman 2008

ALLOCATION:
Randomised

PARTICIPANTS:
All participants had benign vocal fold lesions

Bengisu 2008

ALLOCATION:
Not randomised

PARTICIPANTS:
Allintervention group participants had muscle tension dysphonia

Beranova 2003

ALLOCATION:
Randomised

PARTICIPANTS:
All participants had dysphonia

Berg 2008

STUDY DESIGN:
Retrospective case-control study

Birkent 2004

ALLOCATION:
Not randomised but based on type of functional voice disorder

PARTICIPANTS:

Included participants with mutational falsetto (n = 16), vocal nodules (n = 17), and muscle-tension

dysphonia (n=4)

Boominathan 2008

STUDY DESIGN:
No control group

Bouwers 2009

STUDY DESIGN:
Retrospective case-control study

Broaddus-Lawrence 2000

STUDY DESIGN:
No control group

Carding 1992

ALLOCATION:
Randomised

PARTICIPANTS:
All participants had dysphonia

Carding 1998

ALLOCATION:
Randomised

PARTICIPANTS:
Included patients are in part the same individuals as in Carding 1999

Carding 1999

ALLOCATION:
Randomised

PARTICIPANTS:
All participants had dysphonia

Chan 1994

ALLOCATION:
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Study

Reason for exclusion

Not randomised

PARTICIPANTS:
Kindergarten teachers

INTERVENTIONS:
Direct and indirect voice training

OUTCOMES:
No self-reported outcome. Relative average perturbation, ratio of energy below 1 kHz to energy
above 1 kHz, duty cycle

Chen 2007

STUDY DESIGN:
No control group

Dagli 2008

STUDY DESIGN:
No control group

Daniilidou 2007

STUDY DESIGN:
Consecutive cohort study

de Jong 2006

STUDY DESIGN:
No intervention

Demmink-Geertman 2008

STUDY DESIGN:
Case-control study

Fex 1994 STUDY DESIGN:
No control group
Fischer 2009 ALLOCATION:

Not randomised. Control group consisted of healthy volunteers

Fulljames 2006

ALLOCATION:
Not randomised but based on clinical need

Gamberini 2007

STUDY DESIGN:
Participants served as their own controls

Garcia Real 2002

ALLOCATION:
Not randomised

PARTICIPANTS:
Professional voice users with a minimum of 4 hours of daily voice use and who had had in the past
symptoms or signs of vocal damage due to voice use for a minimum of 6 months

Gibson 2009

ALLOCATION:
Randomised

PARTICIPANTS:

"The study participants were adults with chronic cough (>2 months) that had persisted despite
medical treatment according to the anatomic diagnostic protocol, including treatment for asthma,
postnasal drip syndrome, gastro-esophageal reflux and withdrawal of angiotensin-converting en-
zyme inhibitors (if used). The severity of the cough was sufficient to seek medical attention from
both a general practitioner and respiratory physician." (p.160)

INTERVENTIONS:
Education, vocal hygiene training, cough suppression strategies and psycho-educational coun-
selling
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Study

Reason for exclusion

OUTCOME:

No self-reported outcome. "Vocal function was assessed using a range of measures, including au-
ditory perceptual voice analysis, acoustic analysis, and electroglottographic analysis." (p. 161).

Gillivan-Murphy 2006

ALLOCATION:
Randomised

PARTICIPANTS:

All participants had dysphonia

Gorman 2008

STUDY DESIGN:
No control group

Guirro 2008

STUDY DESIGN:
No control group

Hackworth 2007

ALLOCATION:
Not randomised

Hakkesteegt 2010

STUDY DESIGN:

Clinical follow-up study

Holbrook 1974

STUDY DESIGN:
No control group

Holmberg 2007

STUDY DESIGN:
No control group

John 2005 STUDY DESIGN:
No control group
Jones 2006 STUDY DESIGN:

No intervention

Jonsdottir 2001

STUDY DESIGN:
No control group

Jonsdottir 2002

STUDY DESIGN:
No control group

Ketelslagers 2007

STUDY DESIGN:
No intervention

Kirveskari 1988

ALLOCATION:
Randomised

PARTICIPANTS:

Patients who had sought treatment for voice disorders

INTERVENTION:

Treatment for craniomandibular disorder (CMD) by elimination of occlusal and articular interfer-
ences, i.e. by adjustment of the teeth. "The occlusal adjustment consisted of elimination of the
slide in centric (i.e., the retruded contact position was made stable) and of the removal balancing,
working, and protrusive interferences. Removable dentures were adjusted according to the same
principles. In two cases, new dentures were made. Placebo adjustment of the occlusion consisted
of polishing occlusal surfaces with special attention to maintaining the occlusal contact relation-

ships." (p. 328)

OUTCOME:
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Study Reason for exclusion
No self-reported outcome. "The evaluation of the effects of treatment were made after two
months by the phoniatrician and the dentists independently. Laryngeal status, voice status, and
the subjective symptoms of CMD were evaluated by the phoniatrician, who was unaware of which
group the subject belonged to." (p. 328).

Kizilay 2008 STUDY DESIGN:
No control group

Kotby 1991 STUDY DESIGN:

No control group

Laukkanen 2005

STUDY DESIGN:
No control group

Lehto 2003 STUDY DESIGN:
No control group
Lehto 2005 STUDY DESIGN:

No control group

MacKenzie 2001

ALLOCATION:
Randomised

PARTICIPANTS:
All participants had dysphonia

Malki 2008

STUDY DESIGN:
Case study

Mathieson 2009

STUDY DESIGN:
No control group

McCabe 2002

STUDY DESIGN:
No control group

Mendoza-Lara 1990

ALLOCATION:
Not randomised

PARTICIPANTS:
Intervention group participants had dysphonia

Milbrath 2003

STUDY DESIGN:
No control group

Morsomme 2010

STUDY DESIGN:
No control group

Motel 2003 STUDY DESIGN:
No control group

Nguyen 2009 ALLOCATION:
Randomised

PARTICIPANTS:

All participants had an otolaryngologist's diagnosis of muscle tension dysphonia

Niebudek-Bogusz 2007

ALLOCATION:
Not randomised
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Study

Reason for exclusion

PARTICIPANTS:
All participants had dysphonia

Niebudek-Bogusz 2008

ALLOCATION:
Not randomised

PARTICIPANTS:
All participants had dysphonia

Niebudek-Bogusz 2008a

ALLOCATION:
Not randomised

PARTICIPANTS:
All participants had dysphonia

Oliveira 2005

ALLOCATION:
Randomised

PARTICIPANTS:
Working telemarketers

INTERVENTIONS:
Vocal function exercises

OUTCOME:

No self-reported outcome. "Deste modo, a efetividade do programa foi avaliada pela comparagao

de medidas acUsticas e perceptivo-auditivas pré e pds-treinamento. A avaliagdo perceptivo-auditi-
va foi realizada com a anélise da qualidade vocal como un todo. Na avaliag&o acustica foram com-
paradas as medidas da F, jitter, shimmer e os graficos do diagrama do desvio fonatério." (p. 24)

Pedersen 2004

ALLOCATION:
Randomised

PARTICIPANTS:
All participants had dysphonia

Popovici 1993

ALLOCATION:
Not randomised

PARTICIPANTS:
All participants had dysphonia

Portone 2008

STUDY DESIGN:
No intervention

Prosek 1978

STUDY DESIGN:
No control group

Rattenbury 2004

ALLOCATION:
Randomised

PARTICIPANTS:
All participants had dysphonia

Roy 1993

STUDY DESIGN:
No control group

Roy 1997

STUDY DESIGN:
No control group
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Study

Reason for exclusion

Roy 2001

ALLOCATION:
Randomised

PARTICIPANTS:

Included patients with self-reported voice problems

Roy 2002

ALLOCATION:
Randomised

PARTICIPANTS:

Included patients with self-reported voice problems

Roy 2003

ALLOCATION:
Randomised

PARTICIPANTS:

Included patients with self-reported voice problems

Schaeffer 2007

STUDY DESIGN:
No control group

Seifert 2006

STUDY DESIGN:
No intervention

Sellars 2002 STUDY DESIGN:
Characterisation of the contents of voice therapy
Silverio 2008 STUDY DESIGN:

No control group

Simberg 2006

ALLOCATION:
Randomised

PARTICIPANTS:

All participants had dysphonia

Simoes-Zenari 2008

STUDY DESIGN:
No control group

Sinkiewicz 2006

STUDY DESIGN:
No control group

Sliwinska-Kowalska 2002

STUDY DESIGN:
No control group

Sliwinska-Kowalska 2003

ALLOCATION:
Not randomised

PARTICIPANTS:

All participants had dysphonia including hyperfunctional dysphonia, insufficiency of glottis and

vocal noduli

Sliwinska-Kowalska 2006

STUDY DESIGN:
No intervention

Sulkowski 2005

STUDY DESIGN:
No intervention
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Syed 2009 STUDY DESIGN:
No intervention

Timmermans 2004a ALLOCATION:
Not randomised

PARTICIPANTS:
Students of a school for audiovisual communication

INTERVENTIONS:
Direct and indirect voice training

OUTCOMES:
Voice Handicap Index, GRBAS, videolaryngostroboscopy, maximum phonation time, jitter, I-low,
Fo-high, Dysphonia Severity Index

Timmermans 2004b ALLOCATION:
Not randomised

PARTICIPANTS:
Students of a school for audiovisual communication

INTERVENTIONS:
Direct and indirect voice training

OUTCOMES:
Voice Handicap Index, GRBAS, videolaryngostroboscopy, maximum phonation time, jitter, I-low,
Fo-high, Dysphonia Severity Index

Timmermans 2005 STUDY DESIGN:
No control group

Van Lierde (in press) STUDY DESIGN:
No control group

Vertigan 2008 ALLOCATION:
Randomised

PARTICIPANTS:
Persons with chronic cough that had persisted despite medical treatment

INTERVENTIONS:

SPEech Pathology Intervention Program for CHronic Cough (SPEICH-C). "The SPEICH-C involved
four components including education about the nature of cough, strategies to control the cough,
psychoeducational counseling, and vocal hygiene education to reduce laryngeal irritation" (p. 583)

OUTCOME:

No self-reported outcome.

Perceptual voice analysis: "Two experienced speech pathologists not connected to the study or to
the assessment or treatment of the participants, served as listeners and conducted ratings on the
speech samples. Listeners were blinded to the participant’s treatment allocation and whether the
recording represented a pre- or postintervention condition." (p. 582)

Acoustic and electroglottographic analysis: "Acoustic measures included maximum phonation
time (MPT) measured in seconds, standard deviation of fundamental frequency (SDF0) measured
in Hertz (Hz), jitter measured in percentage (%), and harmonic-to-noise ratio (HNR) measured in
decibels (dB). The steady state vowel portion as judged by the fundamental frequency trace with a
minimum of 3 seconds was chosen for each vowel. The average value of each measure across the
three samples was calculated for every participant. A further measure, phonation range (PR) was
calculated using a scale task whereby participants phonated an ascending scale on the phoneme /
i/. Electroglottographic analysis was conducted on a 2-minute sample of connected speech dur-
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Study Reason for exclusion

ing a reading task. The data analyzed from this sample included fundamental frequency (Hz) in
connected speech (DFx) and duration of the closed phase (%) in each cycle of vocal fold vibration
(Qx)." (p. 582-3)

Voerman 2009 STUDY DESIGN:
No intervention

Wingate 2007 ALLOCATION:
Not randomised

PARTICIPANTS:
Half had complaints of throat pain or vocal fatigue and half were found to have benign vocal fold
lesions

Yiu 2006 ALLOCATION:
Randomised

PARTICIPANTS:
The majority of included patients had organic dysphonia

Zhao 2005 ALLOCATION:
Not randomised

PARTICIPANTS:
Intervention group participants had mutational falsettos

Characteristics of studies awaiting assessment [ordered by study ID]

Leppédnen 2009
Methods Randomised controlled trial
Participants 60 female teachers in Finland
Interventions 1) Direct and indirect voice training: Voice Hygiene Lecture and Voice Massage (TM)
2) Indirect voice training: Voice Hygiene Lecture only
Outcomes 1) No subjective outcomes
2) Perceptual evaluation by 3 speech trainers, fundamental frequency (F0), equivalent sound level
(Leq), alpha-ratio, jitter and shimmer
Notes Itis unclear if the sample used in this study overlaps with that used in llomé&ki 2008 and/or Laukka-
nen 2009
Stemple 1994
Methods Randomised controlled trial
Participants 35 female adult graduate students in the USA
Interventions 1) Direct voice training: sustaining musical notes and gliding from lowest to highest note and from

highest to lowest in participant's frequency range
2) Placebo training: reading a short passage at comfortable pitch and chanting a series of sen-
tences
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Stemple 1994 (continued)

3) No intervention

Outcomes 1) No subjective outcomes
2) Fundamental frequency (F0), jitter, frequency range, phonation volume, flow rate, maximum
phonation time, videolaryngostroboscopy

Notes —

DATA AND ANALYSES

Comparison 1. Direct voice training versus no intervention

Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size
tle pants
1 Any voice handicap 3 Std. Mean Difference (IV, Fixed, 95% Subtotals only
cl
1.1 Post-intervention 3 110 Std. Mean Difference (IV, Fixed, 95% 0.27 [-0.12, 0.66]
Cl)
1.2 Follow up 1 24 Std. Mean Difference (IV, Fixed, 95% 0.38[-0.44, 1.20]
Cl)
2 Amount of vocal misuse 1 Mean Difference (IV, Fixed, 95% Cl) Subtotals only
behaviours
2.1 Post-intervention 1 24 Mean Difference (1V, Fixed, 95% Cl) 64.73 [-65.48, 194.94]
2.2 Follow up 1 24 Mean Difference (IV, Fixed, 95% Cl) 53.99[-73.58, 181.56]
3 Normalised maximum 1 Mean Difference (IV, Fixed, 95% Cl) Subtotals only
phonation time (seconds)
3.1 Post-intervention 1 24 Mean Difference (IV, Fixed, 95% Cl) 3.32[-0.53,7.17]
3.2 Follow up 1 24 Mean Difference (1V, Fixed, 95% Cl) 3.17[0.24,6.10]
4 Maximum phonational 1 Mean Difference (1V, Fixed, 95% Cl) Subtotals only
frequency range
4.1 Post-intervention 1 24 Mean Difference (IV, Fixed, 95% Cl) -0.05 [-4.59, 4.49]
4.2 Follow up 1 24 Mean Difference (IV, Fixed, 95% Cl) -1.03 [-5.04, 2.98]
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Analysis 1.1. Comparison 1 Direct voice training versus no intervention, Outcome 1 Any voice handicap.

Heterogeneity: Not applicable
Test for overall effect: Z=0.9(P=0.37)
Test for subgroup differences: Chi*=0.06, df=1 (P=0.81), 1>=0%

Study or subgroup Intervention Control Std. Mean Difference Weight Std. Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl

1.1.1 Post-intervention ‘

Duffy 2004 20 14.4 (10.4) 23 9.4(8.7) %F 40.78% 0.51[-0.1,1.12]

Oliveira 2009 14 17.8 (6.4) 29 18.9 (6) —+ 37.16% -0.18[-0.82,0.46]

Pasa 2007 10 523.6 14 380 (231.1) +’— 22.06% 0.55[-0.28,1.38]

(275.2)

Subtotal *** 44 66 * 100% 0.27[-0.12,0.66]

Heterogeneity: Tau?=0; Chi*=2.96, df=2(P=0.23); 1’=32.34% ‘

Test for overall effect: Z=1.34(P=0.18) ‘

1.1.2 Follow up ‘

Pasa 2007 10 488.9 (247) 14 400.2 —.— 100% 0.38[-0.44,1.2]

(213.1)

Subtotal *** 10 14 * 100% 0.38[-0.44,1.2]

0

Favours intervention

-2.5 25 5

Favours control

Analysis 1.2. Comparison 1 Direct voice training versus no
intervention, Outcome 2 Amount of vocal misuse behaviours.

Study or subgroup Vocal Func- Control Mean Difference Weight Mean Difference
tion Exercises
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
1.2.1 Post-intervention
Pasa 2007 10 4358 14 3711 o 100% 64.73[-65.48,194.94]
(162.7) (157.2)
Subtotal *** 10 14 100% 64.73[-65.48,194.94]
Heterogeneity: Not applicable
Test for overall effect: Z=0.97(P=0.33)
1.2.2 Follow up
Pasa 2007 10 425.2 14 371.2 —.— 100% 53.99[-73.58,181.56]
(144.4) (173.5)
Subtotal *** 10 14 ‘ 100% 53.99[-73.58,181.56]

Heterogeneity: Not applicable
Test for overall effect: Z=0.83(P=0.41)
Test for subgroup differences: Chi?=0.01, df=1 (P=0.91), 1>=0%

Favours experimental

-400  -200 0 200 400 Favours control

Analysis 1.3. Comparison 1 Direct voice training versus no intervention,
Outcome 3 Normalised maximum phonation time (seconds).

Study or subgroup Vocal Func- Control
tion Exercises
N Mean(SD) N Mean(SD)

Mean Difference Weight Mean Difference

Fixed, 95% ClI Fixed, 95% CI

1.3.1 Post-intervention

Favours control

-5 2.5 0 2.5 5 Favours intervention
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Study or subgroup Vocal Func- Control Mean Difference Weight Mean Difference
tion Exercises
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Pasa 2007 10 5734 14 9161 —B—> 1w 3.32-0.53,7.17)
Subtotal *** 10 14 e 100% 3.32[-0.53,7.17]
Heterogeneity: Not applicable
Test for overall effect: Z=1.69(P=0.09)
1.3.2 Follow up
Pasa 2007 10 7(33) 14 -10.2(4) —B— 0% 3.17(0.24,6.1]
Subtotal *** 10 14 —— 100% 3.17[0.24,6.1]

Heterogeneity: Not applicable
Test for overall effect: Z=2.12(P=0.03)

Test for subgroup differences: Chi?=0, df=1 (P=0.95), I*=0%

Favours control

Analysis 1.4. Comparison 1 Direct voice training versus no
intervention, Outcome 4 Maximum phonational frequency range.

Favours intervention

Study or subgroup Vocal Func- Control Mean Difference Weight Mean Difference
tion Exercises

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
1.4.1 Post-intervention ‘
Pasa 2007 10 29.1(6) 14 29.1(5) —.— 100% -0.05[-4.59,4.49]
Subtotal *** 10 14 ‘ 100% -0.05[-4.59,4.49]
Heterogeneity: Not applicable
Test for overall effect: Z=0.02(P=0.98)
1.4.2 Follow up
Pasa 2007 10 29.3 (4.1) 14 30.3(5.9) —.— 100% -1.03[-5.04,2.98]
Subtotal *** 10 14 ‘ 100% -1.03[-5.04,2.98]
Heterogeneity: Not applicable
Test for overall effect: Z=0.5(P=0.61)
Test for subgroup differences: Chi*=0.1, df=1 (P=0.75), I*=0%

Favours intervention -0 5 0 5 10 Favours control
Comparison 2. Indirect voice training versus no intervention

Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size

tle pants

1 Any voice handicap 2 Std. Mean Difference (1V, Fixed, 95% Subtotals only
cl

1.1 Post-intervention 2 70 Std. Mean Difference (IV, Fixed, 95% 0.44 [-0.03, 0.92]
cn

1.2 Follow up 1 27 Std. Mean Difference (IV, Fixed, 95% -0.10[-0.86, 0.65]

Cl)
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Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size

tle pants

2 Amount of vocal misuse 1 Mean Difference (IV, Fixed, 95% Cl) Subtotals only
behaviours

2.1 Post-intervention 1 27 Mean Difference (IV, Fixed, 95% Cl) 59.24 [-52.76, 171.24]
2.2 Follow up 1 27 Mean Difference (IV, Fixed, 95% Cl) 3.94 [-115.66, 123.54]
3 Normalised maximum 1 Mean Difference (1V, Fixed, 95% Cl) Subtotals only

phonation time (seconds)

3.1 Post-intervention 1 27 Mean Difference (IV, Fixed, 95% Cl) 2.16 [-1.67,5.99]
3.2 Follow up 1 27 Mean Difference (IV, Fixed, 95% Cl) 2.86 [-0.27,5.99]
4 Maximum phonational 1 Mean Difference (IV, Fixed, 95% Cl) Subtotals only

frequency range

4.1 Post-intervention 1 27 Mean Difference (IV, Fixed, 95% Cl) 2.0[-1.86, 5.86]

4.2 Follow up 1 27 Mean Difference (IV, Fixed, 95% Cl) 0.71[-3.72,5.14]

Analysis 2.1. Comparison 2 Indirect voice training versus no intervention, Outcome 1 Any voice handicap.

Study or subgroup [Not identical] Control Std. Mean Difference Weight Std. Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
2.1.1 Post-intervention
Duffy 2004 20 14.9 (13.5) 23 9.4 (8.7) —E— 61.12% 0.48[-0.13,1.09]
Pasa 2007 13 484.6 14 380 (231.1) — 38.88% 0.39[-0.38,1.15]
(291.3)
Subtotal *** 33 37 ’ 100% 0.44[-0.03,0.92]

Heterogeneity: Tau?=0; Chi*=0.04, df=1(P=0.85); 1>=0%
Test for overall effect: Z=1.83(P=0.07)

2.1.2 Follow up

Pasa 2007 13 374.3 14 400.2 —.— 100% -0.1[-0.86,0.65]

(281.1) (213.1)
Subtotal *** 13 14 ‘ 100% -0.1[-0.86,0.65]
Heterogeneity: Not applicable
Test for overall effect: Z=0.26(P=0.79)
Test for subgroup differences: Chi*=1.44, df=1 (P=0.23), 1’=30.35%

Favours intervention -2 -1 0 1 2 Favours control
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Analysis 2.2. Comparison 2 Indirect voice training versus no
intervention, Outcome 2 Amount of vocal misuse behaviours.

Study or subgroup [Not identical] Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl

2.2.1 Post-intervention
Pasa 2007 13 430.3 14 3711 =+ 100% 59.24[-52.76,171.24]

(139.6) (157.2)
Subtotal *** 13 14 e 100% 59.24[-52.76,171.24]
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=1.04(P=0.3)
2.2.2 Follow up
Pasa 2007 13 375.2(143) 14 371.2 —.— 100% 3.94[-115.66,123.54]

(173.5)
Subtotal *** 13 14 ‘ 100% 3.94[-115.66,123.54]
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); I*>=100%
Test for overall effect: Z=0.06(P=0.95)
Test for subgroup differences: Chi?=0.44, df=1 (P=0.51), 1>=0%
Favours experimental -200 -100 0 100 200 Favours control

Analysis 2.3. Comparison 2 Indirect voice training versus no
intervention, Outcome 3 Normalised maximum phonation time (seconds).

Study or subgroup [Not identical] Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
2.3.1 Post-intervention
Pasa 2007 13 -6.9 (3.9) 14 -9.1(6.1) . 100% 2.16[-1.67,5.99]
Subtotal *** 13 14 e 100% 2.16[-1.67,5.99]
Heterogeneity: Not applicable
Test for overall effect: Z=1.1(P=0.27)
2.3.2 Follow up
Pasa 2007 13 74643 14 -1020) = 100% 2.86[-0.27,5.99]
Subtotal *** 13 14 e 100% 2.86[-0.27,5.99]
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=1.79(P=0.07)
Test for subgroup differences: Chi*=0.08, df=1 (P=0.78), 1>=0% ‘ ‘ ‘ ‘

Favours control 5 2.5 0 25 Favours intervention

Analysis 2.4. Comparison 2 Indirect voice training versus no
intervention, Outcome 4 Maximum phonational frequency range.

Study or subgroup [Not identical] Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
2.4.1 Post-intervention
Pasa 2007 13 31.1(5.2) 14 29.1(5) —.— 100% 2[-1.86,5.86]
Subtotal *** 13 14 - 100% 2[-1.86,5.86]
Heterogeneity: Not applicable
Test for overall effect: Z=1.01(P=0.31)

Favours experimental -0 5 0 5 10 Favours control
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Study or subgroup [Not identical] Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl

2.4.2 Follow up
Pasa 2007 13 3158 14 303(59) —B— 100% 0.71[3.72,5.14]
Subtotal *** 13 14 ~ 100% 0.71[-3.72,5.14]

Heterogeneity: Not applicable
Test for overall effect: Z=0.31(P=0.75)
Test for subgroup differences: Chi*=0.19, df=1 (P=0.67), 1>=0%

._.
o
&
S
e

Favours experimental 10

Comparison 3. Direct and indirect voice training combined versus no intervention

Favours control

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size

pants
1 Voice Handicap Index 1 41 Mean Difference (IV, Fixed, 95% Cl)  -7.35[-15.07, 0.37]
2 Maximum phonation time 1 41 Mean Difference (IV, Fixed, 95% Cl)  3.18 [1.93,4.43]

Analysis 3.1. Comparison 3 Direct and indirect voice training
combined versus no intervention, Outcome 1 Voice Handicap Index.

Study or subgroup Intervention Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Bovo 2007 21 19.1(9.7) 20 26.5 (14.9) 100% -7.35[-15.07,0.37]
Total *** 21 20 100% -7.35[-15.07,0.37]

Heterogeneity: Not applicable
Test for overall effect: Z=1.86(P=0.06)

==
—l
iO 0

Favours intervention -20 10

20 Favours control

Analysis 3.2. Comparison 3 Direct and indirect voice training combined
versus no intervention, Outcome 2 Maximum phonation time.

Study or subgroup Intervention Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Bovo 2007 21 143(2) 20 111(21) = 100% 3.18[1.93,4.43]
Total *** 21 20 e 100% 3.18[1.93,4.43]
Heterogeneity: Not applicable
Test for overall effect: Z=5(P<0.0001)
Favours control -5 25 0 25 5 Favours intervention
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Subjective phonation difficulty 2 Mean Difference (IV, Fixed, 95%  Subtotals only

Cl)
1.1 At end of semester after work 2 86 Mean Difference (IV, Fixed, 95%  -5.55[-23.75, 12.66]
day Cl)
2 Subjective voice quality 2 Mean Difference (IV, Fixed, 95%  Subtotals only

cl)
2.1 At the end of semester after 2 116 Mean Difference (IV, Fixed, 95%  0.11[-14.71, 14.93]
work day Cl)
3 Subjective throat tiredness 2 Mean Difference (IV, Fixed, 95%  Subtotals only

Cl)
3.1 At the end of semester after 2 116 Mean Difference (IV, Fixed, 95% -0.93 [-9.47, 7.61]
work day Cl)
4 Voice quality assessed by 3 vo- 1 59 Mean Difference (IV, Fixed, 95%  19.0 [-41.53, 79.53]
cologists Cl)
5 Firmness of phonation assessed 1 59 Mean Difference (IV, Fixed, 95%  16.0 [-38.32, 70.32]
by 3 vocologists Cl)
6 Average fundamental frequen- 1 59 Mean Difference (IV, Fixed, 95% 3.0 [-5.38, 11.38]
cy (FO) whilst reading at habitual Cl)
loudness
7 Sound pressure level (dB) whilst 1 59 Mean Difference (IV, Fixed, 95% -1.0 [-2.67, 0.67]
reading at habitual loudness Cl)
8 Alpha ratio (dB) whilst readingin 1 59 Mean Difference (IV, Fixed, 95%  0.30 [-0.86, 1.46]
habitual loudness Cl)
9 Jitter (%) 1 59 Mean Difference (IV, Fixed, 95% -0.12 [-0.40, 0.15]

cl)
10 Shimmer (dB) 1 59 Mean Difference (IV, Fixed, 95%  -0.19 [-0.34, -0.05]

Cl)

Analysis 4.1. Comparison 4 Direct and indirect voice training combined

versus indirect voice training only, Outcome 1 Subjective phonation difficulty.

Study or subgroup Direct and indirect Indirect only Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI

4.1.1 At end of semester after work day ‘

Laukkanen 2009 30 91.3(39) 15 97.6 (41.4) + 52.28% -6.24[-31.42,18.94]
lloméki 2008 27 92.8(39.7) 14 97.6 (41.4) + 47.72% -4.79[-31.14,21.56]
Subtotal *** 57 29 ¢ 100% -5.55[-23.75,12.66]

Favours combined  -100 -50 0 50 100 Favours indirect only
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Study or subgroup

Direct and indirect Indirect only Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl

Heterogeneity: Tau?=0; Chi?=0.01, df=1(P=0.94); 1>=0%
Test for overall effect: Z=0.6(P=0.55)

Favours combined  -100 -50 0 50 100 Favours indirect only

Analysis 4.2. Comparison 4 Direct and indirect voice training combined
versus indirect voice training only, Outcome 2 Subjective voice quality.

Study or subgroup Voice training + VHL Voice Hy- Mean Difference Weight Mean Difference
giene Lecture
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl

4.2.1 At the end of semester after work day ‘

Iloméaki 2008 27 96.6 (38.6) 29 97.3(41.3) + 50.16% -0.77[-21.7,20.16]
Laukkanen 2009 30 98.3 (41.7) 30 97.3(41.3) + 49.84% 1[-19.99,21.99]
Subtotal *** 57 59 ¢ 100% 0.11[-14.71,14.93]
Heterogeneity: Tau?=0; Chi*=0.01, df=1(P=0.91); 1>=0% ‘

Test for overall effect: Z=0.01(P=0.99) ‘

Favours voice training ~ -100 -50 0 50 100 Favours VHL only

Analysis 4.3. Comparison 4 Direct and indirect voice training combined
versus indirect voice training only, Outcome 3 Subjective throat tiredness.

Study or subgroup Voice training + VHL Voice Hy- Mean Difference Weight Mean Difference
giene Lecture
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl

4.3.1 At the end of semester after work day ‘

lloméki 2008 27 46.7(21.7) 29 47.6 (24) —*— 51.1% -0.93[-12.88,11.02]
Laukkanen 2009 30 46.7(24.3) 30 47.6 (24) —*— 48.9% -0.93[-13.15,11.29]
Subtotal *** 57 59 * 100% -0.93[-9.47,7.61]
Heterogeneity: Tau?=0; Chi*=0, df=1(P=1); 1>=0% ‘

Test for overall effect: Z=0.21(P=0.83) ‘

Favours voice training ~ -100 -50 0 50 100 Favours VHL only

Analysis 4.4. Comparison 4 Direct and indirect voice training combined versus
indirect voice training only, Outcome 4 Voice quality assessed by 3 vocologists.

Study or subgroup Voice training + VHL Voice Hy- Mean Difference Weight Mean Difference
giene Lecture
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
lloméki 2008 30 474 (125.4) 29 455(111.6) . 100% 19[-41.53,79.53]
Total *** 30 29 ——e 100% 19[-41.53,79.53]
Heterogeneity: Not applicable
Test for overall effect: Z=0.62(P=0.54)
Favours experimental  -100 -50 0 50 100 Favours control
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Analysis 4.5. Comparison 4 Direct and indirect voice training combined versus indirect
voice training only, Outcome 5 Firmness of phonation assessed by 3 vocologists.

Study or subgroup Voice training + VHL Voice Hy- Mean Difference Weight Mean Difference
giene Lecture
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
lloméki 2008 30 505 (86) 29 489 (123) - 100% 16[-38.32,70.32]
Total *** 30 29 e 100% 16[-38.32,70.32]
Heterogeneity: Not applicable
Test for overall effect: Z=0.58(P=0.56)
Favours experimental ~ -100 -50 0 50 100 Favours control

Analysis 4.6. Comparison 4 Direct and indirect voice training combined versus indirect voice
training only, Outcome 6 Average fundamental frequency (F0) whilst reading at habitual loudness.

Study or subgroup Voice training + VHL Voice Hy- Mean Difference Weight Mean Difference
giene Lecture
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
llomaki 2008 30 199(15.2) 20 196(17.5) B 100% 3[-5.38,11.38)
Total *** 30 29 100% 3[-5.38,11.38]

Heterogeneity: Not applicable
Test for overall effect: Z=0.7(P=0.48)

-100 -50

50 100

|
T
\

Favours experimental Favours control

Analysis 4.7. Comparison 4 Direct and indirect voice training combined versus indirect voice
training only, Outcome 7 Sound pressure level (dB) whilst reading at habitual loudness.

Study or subgroup Voice training + VHL Voice Hy- Mean Difference Weight Mean Difference
giene Lecture
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
llomki 2008 30 76 (3.6) 29 77 (2.9) o 100% -1[-2.67,0.67]
Total *** 30 29 i 100% -1[-2.67,0.67]
Heterogeneity: Not applicable
Test for overall effect: Z=1.18(P=0.24)
Favours experimental -5 2.5 0 25 5 Favours control

Analysis 4.8. Comparison 4 Direct and indirect voice training combined versus indirect
voice training only, Outcome 8 Alpha ratio (dB) whilst reading in habitual loudness.

Study or subgroup Voice training + VHL Voice Hy- Mean Difference Weight Mean Difference
giene Lecture
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI
lloméki 2008 30 -136(2) 29 -13.9(2.5) + 100% 0.3[-0.86,1.46]
Favours experimental 2 A 0 1 2 Favours control
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Study or subgroup Voice training + VHL Voice Hy- Mean Difference Weight Mean Difference
giene Lecture
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl

Total *** 30 29 * 100% 0.3[-0.86,1.46]

Heterogeneity: Not applicable
Test for overall effect: Z=0.51(P=0.61)

Favours experimental 2 A 0 1 2 Favours control

Analysis 4.9. Comparison 4 Direct and indirect voice training
combined versus indirect voice training only, Outcome 9 Jitter (%).

Study or subgroup Voice training + VHL Voice Hy- Mean Difference Weight Mean Difference
giene Lecture
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl

llomaki 2008 30 0.4(0.5) 29 0.5(0.6) B 100% -0.12(-0.4,0.15]
Total *** 30 29 * 100% -0.12[-0.4,0.15]
Heterogeneity: Tau?=0; Chi?=0, df=0(P<0.0001); 1>=100% ‘

Test for overall effect: Z=0.89(P=0.37) ‘

0 1 2 Favours control

Favours experimental 2 -1

Analysis 4.10. Comparison 4 Direct and indirect voice training
combined versus indirect voice training only, Outcome 10 Shimmer (dB).

Study or subgroup Voice training + VHL Voice Hy- Mean Difference Weight Mean Difference
giene Lecture
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Iloméki 2008 30 0.4 (0.1) 29 0.6 (0.4) . 100% -0.19[-0.34,-0.05]
Total *** 30 29 <o 100% -0.19[-0.34,-0.05]

Heterogeneity: Not applicable
Test for overall effect: Z=2.64(P=0.01)

Favours intervention -1 0.5 0 0.5 1 Favours control

ADDITIONAL TABLES

Table 1. Controlled (non-randomised) trials

Study ID Methods Participants Interventions Outcomes Results

Chan 1994 CT 25 female 1) Direct and indirect 2) Relative average perturba- Significant im-
kindergarten voice training (12) tion, ratio of energy below 1 kHz ~ provementin
teachers 2) No intervention to energy above 1 kHz, Duty Cy-  RAP when com-

(13) cle (an EGG parameter) pared to noin-
tervention

Hackworth CT 76 generaland/ 1) Indirect voice train- 1) Daily log for 8 weeks about No significant

2007 or vocal music ing (19) vocal problems, water con- differences be-
teachers sumption, minutes of daily vo- tween interven-
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Table 1. Controlled (non-randomised) trials (continued)
2) Indirect voice train-

cal warm-up, number of vocal tion and control

ing and additional
information on be-
havioral modifica-
tion/teaching tech-
niques (11)

3) No intervention
(46)

breaks taken (complete voice
rest) and talking over noise and/
or use of non-verbal commands

groups

Timmermans CT
2004a

68 students of
a school for au-
diovisual com-

1) Direct and indirect
voice training (49)
2) No intervention

1) Voice Handicap Index
2) GRBAS, videolaryngostro-
boscopy, MPT, jitter, I-low, Fo-

No significant
differences be-
tween interven-

munication (19) high, Dysphonia Severity Index tion and control
groups
Timmermans  CT 46 students 1) Direct and indirect 1) Voice Handicap Index No significant
2004b of a school for voice training (23) 2) GRBAS, videolaryngostro- differences be-
audiovisual 2) No intervention boscopy, MPT, jitter, I-low, Fo- tween interven-
communica- (23) high, Dysphonia Severity Index tion and control

tion (same par-

groups

ticipants asin
Timmermans
2004a)

CT = controlled trial (i.e. allocation to groups was not randomised)
EGG = electroglottographic
RAP = relative average perturbation

APPENDICES

Appendix 1. Search strategy for MEDLINE through PUBMED (2006)

#1 dysphoni*[tw] OR hoarseness[mh] OR phonastheni*[tw] OR trachyphoni*[tw] OR functional voice disorder*[tw] OR psychogenic voice
disorder*[tw] OR ventricular phonation[tw] OR conversion voice disorder*[tw] OR functional aphonia[tw] OR conversion aphonia[tw] OR
conversion dysphonia[tw] OR phonation break[tw] OR functional falsetto[tw] OR mutational falsetto[tw] OR puberphonia[tw] OR juvenile
voice[tw] OR laryngeal myasthenia[tw]

#2 phonation[tw] NEAR (disease*[tw] OR disorder*)

#3 (voice[tw] OR vocal[tw] OR phonation[tw]) NEAR (problem*[tw] OR symptom*[tw] OR complaints[tw] OR hygiene[tw] OR
disturbance*[tw] OR tremor*[tw] OR impair*[tw] OR handicap*[tw] OR tension*[tw] OR strain*[tw] OR abuse*[tw] OR fatigue*[tw] OR
misuse*[tw] OR reduct*[tw])

#4 (randomized controlled trial[pt] OR controlled clinical trial[pt] OR randomized controlled trials[mh] OR random allocation[mh] OR
double-blind method[mh] OR single-blind method[mh] OR clinical trial[pt] OR clinical trialsfmh] OR "clinical trial"[tw] OR ((singl*[tw]
OR doubl*[tw] OR trebl*[tw] OR tripl*[tw]) AND (mask*[tw] OR blind*[tw])) OR "latin square"[tw] OR placebos[mh] OR placebo*[tw]
OR random*[tw] OR research design[mh:noexp] OR comparative study[mh] OR evaluation studies[mh] OR follow-up studies[mh] OR
prospective studies[mh] OR cross-over studiesimh] OR control*[tw] OR prospectiv*[tw] OR volunteer*[tw]) NOT (animal[mh] NOT
human[mh])

#5 (effect*[tw] OR control*[tw] OR evaluation*[tw] OR protect*[tw]) NOT (animal[mh] NOT human[mh])

#6 (#1 OR #2 OR #3) AND (#4 OR #5)

Appendix 2. Search strategy for EMBASE (2006)

* 11

#1 dysphonia/exp OR hoarseness/exp OR phonastheni* OR trachyphoni* OR "functional voice disorder*" OR "psychogenic voice disorder
OR "ventricular phonation" OR "conversion voice disorder*" OR "functional aphonia" OR "conversion aphonia" OR "conversion dysphonia"
OR "phonation break" OR "functional falsetto" OR "mutational falsetto" OR puberphonia OR "juvenile voice" OR "laryngeal myasthenia"
#2 phonation AND (disease* OR disorder*)

#3 (voice/exp ORvocal OR phonation) AND (problem* OR symptom* OR complaints OR hygiene/exp OR disturbance* OR tremor* ORimpair*
OR handicap* OR tension* OR strain* OR abuse* OR fatigue* OR misuse* OR reduct*

#4 #1 OR#2 OR #3

#5 #4 AND [embase]/lim AND [article]/lim AND [human/]lim
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#6 #5 AND [randomized controlled trial]/lim

#7 #5 AND [controlled clinical trial]/lim

#8 randomized controlled trial/exp OR clinical trial/exp OR double blind procedure/exp OR single blind procedure/exp OR (singl* OR doubl*
OR trebl* OR tripl*) AND (mask* OR blind*) OR placebo/exp OR placebo* OR random* OR comparative study/exp OR "evaluation study" OR
evaluation studies/exp OR follow up/exp OR prospective study/exp OR crossover procedure/exp OR prospectiv* OR volunteer*

#9 #5 AND #8

#10 #6 OR #7 OR #9

Appendix 3. Search strategy for CENTRAL (2006)

#1 dysphoni* (in Title, Abstract, Keywords) OR hoarseness (in Title, Abstract, Keywords) OR phonastheni* OR trachyphoni* OR functional
voice disorder* OR psychogenic voice disorder* OR ventricular phonation OR conversion voice disorder* OR functional aphonia OR
conversion aphonia OR conversion dysphonia OR phonation break OR functional falsetto OR mutational falsetto OR puberphonia OR
juvenile voice OR laryngeal myasthenia

#2 (voice OR vocal OR phonation) NEAR (problem* OR symptom* OR complaints OR hygiene OR disorder* OR disease* OR disturbance* OR
tremor* OR impair* OR handicap* OR tension* OR strain* OR abuse* OR fatigue* OR misuse* OR reduct*)

#3#1 OR #2

Appendix 4. Updated search strategy for MEDLINE through PUBMED (2010)

#1 dysphoni*[tw] OR hoarseness[mh] OR phonastheni*[tw] OR trachyphoni*[tw] OR functional voice disorder*[tw] OR psychogenic voice
disorder*[tw] OR ventricular phonation[tw] OR conversion voice disorder*[tw] OR functional aphonia[tw] OR conversion aphonia[tw] OR
conversion dysphonia[tw] OR phonation break[tw] OR functional falsetto[tw] OR mutational falsetto[tw] OR puberphonia[tw] OR juvenile
voice[tw] OR laryngeal myasthenia[tw]

#2 phonation disease*[tw] OR phonation disorder*[tw]

#3 voice problem*[tw] OR voice symptom*[tw] OR voice complaints[tw] OR voice hygiene[tw] OR voice disturbance*[tw] OR voice

tremor*[tw] OR voice impair*[tw] OR voice handicap*[tw] OR voice tension*[tw] OR voice strain*[tw] OR voice abuse*[tw] OR voice
fatigue*[tw] OR voice misuse*[tw] OR voice reduct*[tw] OR vocal problem*[tw] OR vocal symptom*[tw] OR vocal complaints[tw] OR vocal
hygiene[tw] OR vocal disturbance*[tw] OR vocal tremor*[tw] OR vocal impair*[tw] OR vocal handicap*[tw] OR vocal tension*[tw] OR vocal
strain*[tw] ORvocal abuse*[tw] OR vocal fatigue*[tw] OR vocal misuse*[tw] OR vocal reduct*[tw] OR phonation problem*[tw] OR phonation
symptom*[tw] OR phonation complaints[tw] OR phonation hygiene[tw] OR phonation disturbance*[tw] OR phonation tremor*[tw] OR
phonation impair*[tw] OR phonation handicap*[tw] OR phonation tension*[tw] OR phonation strain*[tw] OR phonation abuse*[tw] OR
phonation fatigue*[tw] OR phonation misuse*[tw] OR phonation reduct*[tw]

#4 (effect* [tw] OR control [tw] OR controls* [tw] OR controla* [tw] OR controle* [tw] OR controli* [tw] OR controll* [tw] OR control'* OR
evaluation* [tw] OR program* [tw]) NOT (animals [mh] NOT humans [mh])

#5 (randomized controlled trial [pt] OR controlled clinical trial [pt] OR randomized [tiab] OR placebo [tiab] OR drug therapy [sh] OR

randomly [tiab] OR trial [tiab] OR groups [tiab]) NOT (animals[mh] NOT humans[mh])

#6 (#1 OR #2 OR #3) AND (#4 OR #5)

#7 #6 AND Entrez Date from 2006/01/01 to 2010

Appendix 5. Updated search strategy for EMBASE (2010)

#1 (‘dysphonia'/exp OR 'hoarseness'/exp OR 'vocal cord disorder'/exp OR phonastheni* OR trachyphoni* OR 'functional voice disorder' OR
'psychogenic voice disorder' OR 'ventricular phonation' OR 'conversion voice disorder' OR 'functional aphonia' OR 'conversion aphonia’
OR 'conversion dysphonia' OR 'phonation break' OR 'functional falsetto' OR 'mutational falsetto' OR puberphonia OR 'juvenile voice'
OR 'laryngeal myasthenia' OR (('phonation'/exp OR 'phonation') AND (disease* OR disorder*)) OR ((('voice'/exp OR 'voice') OR vocal OR
('phonation'/exp OR 'phonation')) AND (problem* OR symptom* OR complaints OR ('hygiene'/exp OR 'hygiene') OR disturbance* OR
tremor* OR impair* OR handicap*OR tension* OR strain* OR abuse* OR fatigue*OR misuse* OR reduct*)) AND [article]/lim AND [humans]/
lim) AND ([randomized controlled trial]/lim OR [controlled clinical trial]/lim OR random* OR factorial OR crossover OR 'cross over'OR
'cross-over' OR ('placebo'/exp OR 'placebo') OR 'double blind' OR 'single blind' OR assign* OR allocat* OR volunteer* OR 'crossover-
procedure'/exp OR 'double-blind procedure'/exp OR ('single-blind procedure'/exp) OR (‘comparative study'/exp OR 'comparative study')
OR 'evaluation study' OR ('evaluation studies'/exp OR 'evaluation studies') OR ('follow-up'/exp OR 'follow-up') OR 'prospective study'/exp
OR prospectiv*) AND [2006-2010]/py

#2 #1 AND [embase]/lim AND [2006-2010]/py

Appendix 6. Updated search strategy for CENTRAL (2010)

#1 (dysphoni*):ti,ab,kw or (hoarseness):ti,ab,kw or (phonastheni* OR trachyphoni* OR functional voice disorder* OR psychogenic voice
disorder* OR ventricular phonation OR conversion voice disorder* OR functional aphonia OR conversion aphonia OR conversion dysphonia
OR phonation break OR functional falsetto OR mutational falsetto OR puberphonia OR juvenile voice OR laryngeal myasthenia), from 2006
t0 2010 in Clinical Trials

#2 (voice OR vocal OR phonation) NEAR (problem* OR symptom* OR complaints OR hygiene OR disorder* OR disease* OR disturbance* OR
tremor* ORimpair* OR handicap* OR tension* OR strain* OR abuse* OR fatigue* OR misuse* OR reduct*), from 2006 to 2010 in Clinical Trials
#3#1 OR #2
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Appendix 7. Search strategy for CINAHL (2010)

#1 dysphoni* OR hoarseness OR phonastheni* OR trachyphoni* OR functional voice disorder* OR psychogenic voice disorder* OR
ventricular phonation OR conversion voice disorder* OR functional aphonia OR conversion aphonia OR conversion dysphonia OR
phonation break OR functional falsetto OR mutational falsetto OR puberphonia OR juvenile voice OR laryngeal myasthenia

#2 Phonation AND (disease* OR disorder®)

#3 (voice OR vocal OR phonation) AND (problem* OR symptom* OR complaints OR hygiene OR disturbance* OR tremor* OR impair* OR
handicap* OR tension* OR strain* OR abuse* OR fatigue* OR misuse* OR reduct*)

#4 #1 OR#2 OR#3

#5 (effect* OR control* OR evaluation* OR program®)

#6 (random* OR placebo OR drugtherapy OR trial OR groups)

#7 (singl* OR doubl* OR trebl* OR tripl*) AND (mask* OR blind*) OR comparative study OR comparative studies OR evaluation study
OR evaluation studies OR follow up OR follow-up OR prospectiv* OR crossover OR cross over OR cross-overOR factorial OR allocat* OR
volunteer*

#8 #5 OR #6 OR #7

#9 #4 AND #8

Appendix 8. Search strategy for PsycINFO through OvidSP (2010)

1. exp dysphonia/

2. limit 1 to (human and yr="2006 -Current")

3. (dysphoni* or hoarseness or phonastheni* or trachyphoni* or functional voice disorder* or psychogenic voice disorder* or ventricular
phonation or conversion voice disorder* or functional aphonia or conversion aphonia or conversion dysphonia or phonation break or
functional falsetto or mutational falsetto or puberphonia or juvenile voice or laryngeal myasthenia).mp. [mp=title, abstract, heading word,
table of contents, key concepts]

4. limit 3 to (all journals and human and yr="2006 -Current")

5. (Phonation adj6 (disease* or disorder*)).mp. [mp=title, abstract, heading word, table of contents, key concepts]

6. limit 5 to (all journals and human and yr="2006 -Current")

7. ((voice or vocal or phonation) adj6 (problem* or symptom* or complaints or hygiene or disturbance* or tremor* orimpair* or handicap*
or tension* or strain* or abuse* or fatigue* or misuse* or reduct*)).mp. [mp=title, abstract, heading word, table of contents, key concepts]
8. limit 7 to (all journals and human and yr="2006 -Current")

9.80or6o0r4or2

10. (randomized controlled trial* or controlled clinical trial or random allocation or double-blind method or single-blind method or clinical
trials or clinical trial or ((singl* or doubl* or trebl* or tripl*) and (mask* or blind*)) or latin square or placebo* or random* or research design
or comparative study or evaluation studies or follow-up studies or prospective studies or cross-over studies or control* or prospectiv* or
volunteer*).mp. [mp=title, abstract, heading word, table of contents, key concepts]

11. limit 10 to (all journals and human and yr="2006 -Current")

12. (effect* or control* or evaluation* or protect*).mp. [mp=title, abstract, heading word, table of contents, key concepts]

13. limit 12 to (all journals and human and yr="2006 -Current")

14.110r13

15.9and 14

16. from 15 keep 1-108

Appendix 9. Search strategy for OSH Update (all databases) (2010)

* 1

#1 GW{dysphoni* OR hoarseness OR phonastheni* OR trachyphoni* OR "functional voice disorder*" OR "psychogenic voice disorder*" OR
"ventricular phonation" OR "conversion voice disorder*" OR "functional aphonia" OR "conversion aphonia" OR "conversion dysphonia"
OR "phonation break" OR "functional falsetto" OR "mutational falsetto" OR puberphonia OR "juvenile voice" OR "laryngeal myasthenia"}
#2 GW{Phonation AND (disease* OR disorder*)}

#3 GW{(voice OR vocal OR phonation) AND (problem* OR symptom* OR complaints OR hygiene OR disturbance* OR tremor* OR impair*
OR handicap* OR tension* OR strain* OR abuse* OR fatigue* OR misuse* OR reduct*)}

#4 #1 OR#2 OR#3

#5 GW{(effect* OR control* OR evaluation* OR program*)}

#6 GW{(random* OR placebo OR drug therapy OR trial OR groups)}

#7 GW{(singl* OR doubl* OR trebl* OR tripl*) AND (mask* OR blind*) OR "comparative stud*" OR "evaluation stud*" OR "follow up" OR
"follow-up" OR prospectiv* OR crossover OR "cross over" OR "cross-over" OR factorial OR allocat* OR volunteer*}

#8 #5 OR #6 OR #7

#9 #4 AND #8

#10 PY{2006 OR 2007 OR 2008 OR 2009 OR 2010}

#11 #9 AND #10

WHAT'S NEW
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Date Event Description

19 March 2010 New search has been performed New searches run. We identified and included four new studies.
They did not, however, affect the conclusions of the review. We
also adopted the Cochrane 'Risk of bias' method for quality as-
sessment of studies.

HISTORY

Protocol first published: Issue 1, 2007
Review first published: Issue 4, 2007

Date Event Description

23 October 2008 Amended Converted to new review format.

CONTRIBUTIONS OF AUTHORS

Jani Ruotsalainen conceptualised the review jointly with JV and took the lead in writing the review and in managing the team of authors.
He performed study selection and data extraction and performed the analyses.

Jos Verbeek conceptualised the review jointly with JR, wrote the methods section of the protocol and commented extensively on all
versions of the review.

Leena Isotalo designed and conducted the updated systematic search strategies with additional help from Gemma Sandberg.

Jaana Sellman and Laura Lehto performed study selection and data extraction and commented extensively on all versions of the review.
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SOURCES OF SUPPORT

Internal sources

« Finnish Institute of Occupational Health, Finland.
« Ministry of Social Affairs and Health, Finland.
« Cochrane Occupational Health Field, Finland.

External sources
« Pension Fund Loyalis, Netherlands.

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

This first update of this review differs in many ways from the original review. The systematic search was conducted in more databases.
The studies' risk of bias was assessed more broadly than with just a brief mention of whether allocation was concealed or not. We also
extracted more data from the new as well as the existing two studies.

INDEX TERMS

Medical Subject Headings (MeSH)

*Voice Training; Occupational Diseases [*prevention & control]; Teaching; Voice Disorders [*prevention & control]; Voice Quality

MeSH check words

Adult; Humans
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