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Abstract

Purpose: There is a diversity in treatment approaches for voice therapy in which
aerodynamic treatment effects between the approaches are lacking. The evidence of
voice treatments on the maximum phonation time (MPT) was quantified using the
statistical approach of a network meta-analysis (NMA).

Data Sources: Three databases and manual search from inception to November
2021 were evaluated.

Study Selection: Studies were considered which were reports of randomised
controlled/clinical trials (RCT) evaluating the efficacy of a specific voice therapy
treatment using MPT as an outcome measure in adult participants with voice
disorders. Studies were excluded if participants had been diagnosed with neurological-
motor-speech disorders or who were vocally healthy. Furthermore, no medical,
pharmacological, or technical instrumental treatments were used.

Data Extraction and Synthesis: Preferred Reporting Items for systematic reviews and
meta-analyses extension statement guidelines were followed. Two reviewers inde-
pendently screened citations, extracted data, and assessed risk of bias using PEDro
scale. Random effects model was used for meta-analysis.

Results: We identified finally 12 RCT studies (treatment groups n = 285, and control
group without an intervention n = 62). Eight interventions were evaluated. The only
effective intervention with a significant effect was vocal function exercises (VFE)
(mean pre-post difference 6.16 s, 95% confidence interval, 1.18-11.13 s).
Conclusions and Relevance: VFE effectively improved MPT from pre- to post-
treatment in comparison with other voice interventions which were identified in the
present NMA. Further high-quality intervention studies with large samples sizes,
multidimensional measures, and homogeneous groups of dysphonia are needed to

support evidence-based practice in laryngology.
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1 | INTRODUCTION

A comprehensive clinical voice assessment examines the processes
involved in phonation, including laryngeal imaging analysis, auditory-
perceptual judgement, aerodynamic analysis, acoustic analysis, and

t.22 These multidimensional measures are also acquired

self-assessmen
to assess pre-to-post treatment changes. The clinical application of
aerodynamic measures such as mean airflow, estimates of subglottal
pressure, and temporal phonation measures (e.g., maximum phonation
time, or MPT) are supported by a strong evidence base. Aerodynamic
parameters provide valuable information about the interaction between
respiratory and phonatory mechanisms of speech with a detailed view
of the underlying physiology of phonation, the degree of effort required
for voicing, and compensatory behaviours used by patients with voice
disorders.®

MPT is considered an aerodynamic assessment which measures
glottal efficiency by estimating the ability to control the pulmonary
aerodynamic forces and the myoelastic forces of the larynx.* For MPT
performance, the patient must sustain a vowel (e.g., /a/) after maxi-
mum inhalation for as long as possible, in which the total sound dura-
tion is measured in seconds. To be able to phonate a steady tone for a
long time, healthy lung function along with adequate lung capacity
and flow velocity of the air is a pre-requisite.* The alignment of
subglottic pressure and glottal resistance is also crucial for sustained
phonation over time. If the MPT duration is low, it is assumed that the
dosage of breathing is difficult or that the glottal resistance, depend-
ing on the laryngeal pathology, is too low, which might have conse-
quences in voice quality (e.g., a breathy voice).” Further influencing
factors on MPT score include the number of trials,®"® gender,®’ and
body mass index.”

MPT is a measure which is often used in voice assessments due to
its non-invasiveness, fast feasibility, and low cost.” In addition, MPT has
been used to objectify the degree of severity of dysphonia,’® and to
determine the effects of voice treatments.! Voice treatment is consid-
ered effective using MPT if the duration post-treatment is at least
1.41 s longer than the pre-treatment score.'? With regard to a test-
retest procedure in vocally-healthy participants, an extension of the
MPT duration can also be expected at 1.01 5.2

Dysphonia arises from many aetiologies.'®>'* These determine
the primary treatment approach, which may include behavioural voice

treatment,***>~'” phonosurgery,*®*’

and/or pharmacological ther-
apy.2® Successful behavioural voice treatment depends on various
factors. The underlying aetiology (e.g., neuropathologic, emotional,
improper vocal habits, and structural pathology), the maintaining fac-
tors, patient motivation, the treatment approach, and the skill of the
clinician are all factors that can influence treatment outcomes. There
are many behavioural voice treatment approaches available to a voice
clinician. To compare more than two treatments in a single analysis a
statistical approach of a network meta-analysis (NMA) can be utilised.
NMA is an extension of pairwise meta-analysis to compare three or
more treatments for a given medical or healthcare condition, based on
combining information from multiple existing comparisons among

subsets of the treatments.?* This statistical method of a meta-analysis

Key points

e Various voice treatments were compared using maximum
phonation time as marker for voice treatment efficacy.

e This is the second network meta-analysis on the treat-
ment efficacy of dysphonia next to the evaluation of the
voice-related handicap.

e One from eight voice treatments resulted in a significant
improvement of maximum phonation time.

e Vocal function exercises have been identified in the pre-
sent network meta-analysis as the only effective
intervention.

e Vocal function exercises were evaluated in two network
meta-analyses as effective in eliciting clinically significant
treatment changes in voice handicap index and maximum

phonation time.

can effectively compare the efficacy of voice treatments using the
same outcome parameters and study designs.

A prior NMA for voice treatments investigated the outcome mea-
sure of voice-related handicap based on the voice handicap index
(VHI).Y” That study was able to combine data from 13 randomised
controlled and clinical trials (RCT) which collectively studied the effect
of nine different treatment approaches on self-perceived VHI mea-
sures. Of those nine interventions, four were found to effectively
improve VHI measures (e.g., at greater than chance levels based on
meta-analysis statistics) from pre-to-post therapy. The analysis of
pooled data via the NMA design provided high-quality evidence.

The purpose of this meta-analysis was to apply a NMA focused
on RCTs evaluating the efficacy of voice treatment approaches on
measures of MPT. As with our prior study, we also sought to establish
an effectiveness ranking for different voice treatment approaches.
By extending knowledge of the response of MPT to treatment
approaches through a NMA design, clinicians may be better informed
of the potential differential effectiveness of varied treatment
approaches for a given voice disorder. This information may also help
to interpret future clinical studies which include MPT as an outcome
variable. As with our previous NMA investigating treatment effects on
VHI, MPT is also a common outcome measures in clinical practice and
clinical research, and justification for its use through investigation
using high-quality research designs such as NMA is needed.

2 | METHODS

2.1 | Datasources and searches

The preferred reporting items for systematic reviews and meta-
analyses (PRISMA) extension statements for reporting of systematic
reviews incorporating NMA of healthcare treatments was used to

perform a systematic literature search in electronic databases.?? The
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MEDLINE, CENTRAL, and Speechbite electronic databases were
searched from inception to November 19, 2021. Meaningful papers
were identified by title and abstract. In addition, references were also
reviewed in potential articles. The following search terms were used
to identify the potential studies: voice disorders, dysphonia, voice

therapy, voice treatment, and maximum phonation time.

2.2 | Study selection

Potential studies were included which evaluated in a RCT design a
specific voice treatment approach with (a) comparisons between
types of treatments or (b) control group without an intervention.
Additionally, treatment efficacy was measured with the outcome
parameter of MPT in adults who had voice disorders in a pre-post
treatment design. MPT as a clinically significant outcome parame-
ter for treatment efficacy has been benchmarked at 1.01-1.41s
for pre-to-post treatment comparisons.®*? Meaningful studies
had to report the number of participants in the groups, pre- and
post-treatment results of the mean and standard deviation (SD) or
p-values. Finally, English and German languages were considered
for the papers.

Papers that examining the efficacy of voice treatments in partici-
pants with a neurological motor speech disorders or in vocally healthy
participants were excluded. The use of medical or pharmacological
treatments were also excluded. In addition, studies were excluded if

they did not provide proper explanations of the voice treatment
approaches or if the voice therapy procedure did not include a pri-
mary single approach. Lastly, interventions that included technical
instruments in the application of voice treatment were excluded

as well.

2.3 | Data extraction and risk of bias assessment
Two researchers (BBvL and KS) independently screened titles and
abstracts. Full-text articles were then reviewed in duplicate and dis-
agreements resolved by discussion together. We extracted data
about: details of study design, types of voice disorder, description of
voice treatment intervention, description of comparison group, com-
pleteness of outcome data, outcome measure of maximum phonation
time, and statistics. If not reported, study authors were contacted. We
assessed the risk of bias of the included studies using the PEDro scale.
The PEDro scale is an 10-item scale for assessing the methodological
quality of RCT studies. The total score of the PEDro scale ranges from
0 to 10 points.2® A score of 9-10 corresponds to excellent methodo-
logical quality, a score of six to eight to good quality, and a score of
four to 5 to low quality. To assess the quality of studies, the PEDro
scale considers the following factors: inclusion and exclusion criteria,
randomised and concealed assignment of groups, association of all
study participants and investigators, key outcome parameters, and
statistical group comparisons.?®

.§ Records identified through Additional records identified
3 database searching through other sources
-?-é (n= 322) (n=8)
3
\ ) A 4 \ 4
p— Records after duplicates removed
(n=66)
g
o
E y
3 Records screened | Records excluded
(n=66) i (n=47)
| —
YN v
Full-text articles assessed Full-text articles excluded,
z for eligibility with reasons of
3 (n=16) \ inappropriate statistics,
% and MPT inaccurate
l described in the results
(n=3)
—_ Studies included in
qualitative synthesis
) (n=13) e
Investigation of treatment
approaches which had no
E connection to the network
-g Studies included in of other approaches
= quantitative synthesis (n=1)
(meta-analysis)
L (n=12) FIGURE 1 Course of study selection
for the meta-analysis
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TABLE 1

Study ID Participants

Bassiouny?’ 42 voice-disordered participants
with heterogeneous voice

disorder

Pasa et al.?® 37 teachers with a beginning to
develop voice disorders
related to voice symptoms and
vocal misuse behaviours

1.2

Tayeta 22 participants with

presbyphonia

Kaneko et al.*° 22 participants with
presbyphonia and vocal

athropy

Watts et al.>? 20 participants with non-organic

voice disorders

Tsai et al.®2 29 medical professionals with
self-perceived voice disorders
Kao et al.®® 19 participants with unilateral

adductor vocal fold paralysis
within 6 months of initial
diagnosis

La Mantia et al.>* 19 subjects with primary
laryngeal cancer treated with
curatively intended

radiotherapy

Angadi et al.® 19 subjects with primary
laryngeal cancer treated with
curatively intended
radiotherapy

Tang et al.%® 52 participants with unilateral

vocal fold paralysis within
6 months of initial diagnosis

Liu et al.%” 34 teachers with self-perceived

voice disorders

Christmann et al.>® 41 teachers with heterogeneous
voice disorders

Characteristics of RCTs included in the NMA

Primary single interventions
(number of participants of each
group; duration of treatment in
weeks)

1. AM(21; 10)
2. VH (21; 2)

1. VFE (10; 6)
. VH (13; 6)
3. No intervention (14; 6)

N

1. VFE(11;5)
2. No intervention (11; 5)

1. VFE (16; 8)
2. No intervention (6; 8)

1. SFP(10; 6)
2. VH (10; 6)

1. ABS (15; 5)
2. No intervention (14; 5)

1. VFE (10; 12.4)
2. VH (9; 12.4)

1. VFE (10; 6)
2. VH (10; 6)

1. VFE (6; 6)
2. VH (4; 6)

1. LQG (26;2)
2. ABS (26; 2)

1. RV(16; 5)
2. VH (18; 2)

1. FK(24;3)
2. No intervention (17; 3)

Outcome measures

[N

=B WN

NE WONEFE O ONE DONMNE WODN

NEL, OO~ WONR

abhwOWNEFE, UMW

NE AONPE AWNPRE

. Perceptual Judgement (GRBAS)

. Laryngeal stroboscopic findings

. Aerodynamic (MPT, PQ, MFR, PSub)

. Acoustic (pitch, intensity, Jit, Shim, HNR)

. Self-evaluation (demographic, voice knowledge,

vocal misuse behaviour, vocal symptoms)

. Aerodynamic (MPT)
. Acoustic (frequency range)

. Perceptual Judgement (PVP)

. Aerodynamic (MPT)

. Acoustic (frequency range, Jit, Shim, NHR)
. Self-evaluation (self-report questionnaire)

. Perceptual Judgement (GRBAS)

. Laryngeal stroboscopic findings

. Aerodynamic (MFR, MPT)

. Acoustic (frequency range, intensity, Jit, Shim, NHR)
. Self-evaluation (VHI)

. Self-evaluation (VHI)
. Acoustic (CPP)
. Aerodynamic (MPT, S/Z Ratio)

. Self-evaluation (self-awareness of vocal symptoms)
. Aerodynamics (MPT, S/Z Ratio, MEP, pulmonary

function test)

. Self-evaluation (VHI)

. Laryngeal stroboscopic findings
. Perceptual judgement (CAPE-V)
. Acoustic (Jit, Shim, NHR)

. Aerodynamic (MPT, PQ, PTP)

. Self-evaluation (VHI, EORTC QLQ-H&N35)
. Laryngeal stroboscopic findings with high-speed

parameters

. Perceptual judgement (GRBAS)
. Acoustic (Jit, Shim)
. Aerodynamic (MPT, MFR)

. Self-evaluation (VHI)

. Perceptual judgement (CAPE-V)

. Aerodynamic (MPT, PSub)

. Acoustic (frequency range)

. Laryngeal stroboscopic findings with high-speed

parameters
Aerodynamic (MPT)

. Acoustic (Jit, Shim, NNE)
. Perceptual judgement (GRBAS)
. Self-evaluation (VHI, HADS)

. Aerodynamic (MPT)

. Acoustic (Jit, Shim, HNR, SCR, NEDR, VTC)
. Perceptual judgement (GRBAS)

. Self-evaluation (VHI)

. Aerodynamic (MPT, S/Z Ratio)
. Acoustic (intensity range, modal intensity)

Abbreviations: ABS, abdominal breathing support; AM, accent method, CAPE-V, consensus auditory-perceptual evaluation of voice; CPP, cepstral peak
prominence; EORTC QLQ-H&NS35, health-related quality of life questionnaire head and neck module; FK, finger kazoo; GRBAS, grade-roughness-
breathiness-asthenia-strain scale; HADS, hospital anxiety and depression scale; HNR, harmonics to noise ratio; Jit, jitter; LQG, liuzijue gigong; MEP,
maximal expiratory pressure; MFR, mean flow rate; MPT, maximum phonation time; NNE, normalised noise energy; NEDR, nonlinear energy difference
ratio; NHR, noise to harmonics ratio; PTP, phonation threshold pressure; PQ, phonation quotient; PSub, subglottal pressure; PVP, perceptual voice profile;
RV, resonant voice; SCR, spectrum convergence ratio; SFP, stretch-and-flow phonation; Shim, shimmer; S/Z ratio, ratio of the durations for which a person
can sustain the sounds ‘s’ and ‘z’; VFE, vocal function exercises; VH, vocal hygiene; VHI, voice handicap index; VTC, voice type component.
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TABLE 2

PEDro assessment of methodologic quality of included studies

Bassiouny Pasa et al. Tay et al. Kaneko et al. Watts et al. Tsai et al. Kao et al. La Mantia et al. Angadi et al. Tang et al. Liu et al. et al.

Score (1998) (2007) (2012) (2014) (2015) (2016)
1 0 1 1 0 1 1
2 1 1 1 0 1 1
3 0 0 0 0 0 0
4 1 0 1 1 1 1
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0
8 1 1 1 1 1 1
9 1 1 1 1 1 0
10 1 1 1 1 1 1
Result 50f10 50f10 60f10 40f 10 6 of 10 50f 10

2.4 | Statistical analysis

The mean differences of the pre-post treatment (MD) and SD results
of the MPT values for each treatment arm were extracted from each
study. When standard deviations were lacking, the p values of the
pre-post MD were used to calculate them. For random-effects NMA,
the R package netmeta from the open statistical programming envi-
ronment R was used.?*2> Results were demonstrated as MD between
pre-post outcomes with 95% confidence intervals (Cl). In addition,
the ranking of interventions was related on the p score variable. This
is a critical ranking score that can be viewed as a frequentist analogue
to the area under the Bayesian cumulative ranking curve, without the
need for resampling methods.?® It is an easy analytic method based
on frequentist point estimates and their standard errors. p-scores
result in a ranking on a scale from O to 1, with O being the worst and
1 being the best. This p-score can be interpreted as a measure of the
mean level of confidence that a treatment is better than a comparable
treatment. Results for the comparison with the control group are
shown in the forest plot. This was created with the R package meta-
for. The mean difference is presented with the 95% confidence inter-

val, as well as the p-score.

3 | RESULTS

3.1 | Study characteristics

The selection of papers for this meta-analysis is presented in the
PRISMA chart (Figure 1). The study characteristics of the included
RCT's are presented in Table 1. Finally, 12 studies were included in
which 285 participants were in treatment groups and 62 participants
were in control groups. The intervention groups ranged from 4 to
26 participants and the control groups from 6 to 14 participants. The
statistical approach of the NMA collapses all control participants into

one group and compares that data set to treatment group data from

Christmann
(2017) (2018) (2019) (2019) (2020) (2021)
1 1 1 1 1 1
1 1 1 1 1 1
0 0 1 0 0 1
1 1 0 1 1 1
0 0 1 0 0 1
0 0 0 0 0 0
1 1 1 0 1 0
1 1 1 1 1 0
1 1 1 1 1 1
1 1 1 1 1 1
70f10 7o0f 10 8 of 10 6 of 10 70f10 70of 10

ABS
CON
LQG
FK
AM
VFE
RV
SFP
VH
FIGURE 2 Network graph with focus on the comparison of the

control group and different voice treatments (seven interventions
compared with the control group by direct estimates and eight
interventions compared with the control group by indirect
estimates) from a multiple pairwise meta-analysis. Coloured
polygons represent multi- arm studies (dark blue = three-arm
study). ABS, abdominal breathing support; AM, accent method;
CON, control group; FK, finger kazoo; LQG, liuzijue gigong; RV,
resonant voice; SFP, stretch-and-flow phonation; VFE, vocal
function exercises; VH, vocal hygiene

the individual studies. The control group considered participants with
dysphonia without any intervention. Totally, eight voice treatment
approaches were considered: abdominal breathing support (ABS),
accent method (AM), finger kazoo (FK), liuzijue gigong (LQG), resonant
voice (RV), stretch-and-flow phonation (SFP), vocal hygiene (VH), and
vocal function exercises (VFE). The risk of bias showed for the 12
included studies that eight had a good quality and four revealed a fair
quality (see Table 2).

85U8017 SUOWILLIOD @A 11810 3ol [dde 8Ly Aq peusenob e Sapoie YO ‘8sn JO Sa|n 10} ARIq1T8UIUO AB]IM UO (SUONIPUOD-PUR-SWBI LD AB 1WA Reql Ul [UO//:SdNL) SUORIPUOD pUe Swia | 8u1 88 *[£202/0T/6T] Uo AriqiTauliuo A8|im ‘No L AisieAlun uensuyo sexs | Aq 6T0YT200/TTTT OT/I0P/L00 A3 (1M AIq U1 |UO//SdNY WOy pepeolumoa ‘Z ‘S20Z ‘9862 T



BARSTIES V. LATOSZEK ET AL.

WILEY_|

Comparison: other versus 'CON’

Treatment p-score (Random Effects Model) MD 95%-Cl

VFE 0.78 6.16 [1.18;11.13]
SFP 0.64 4.96 [-5.41; 15.33]
LQG 0.61 4.58 [-7.11; 16.27]
RV 0.61 4.45 [-5.97; 14.88]
ABS 0.48 2.65 [-5.76; 11.06]
AM 0.46 2.33 [-8.13; 12.80]
VH 0.36 — 1.36 [-4.81; 7.54]
FK 0.32 — 0.53 [-5.36; 6.41]
CON 025 l[l . oo
-15-10 -5 0 5 10 15
FIGURE 3 Forest plot representing the treatment effect sizes of

the maximum phonation time by specific interventions in comparison
with the control group sorted at the order of treatment rankings of
the p-score. The grey area between the two blue lines represents the
equivalence region for the MPT score at 1.01 -1.41 s. ABS, abdominal
breathing support; AM, accent method; Cl, confidence interval; CON,
control group; FK, finger kazoo; MD, mean differences; LQG, liuzijue
gigong; RV, resonant voice; SFP, stretch-and-flow phonation; VFE,
vocal function exercises; VH, vocal hygiene

The comparisons of pairs from the eight interventions and control
groups are illustrated in Figure 2. The red circles in the network graph
mark voice treatments which were investigated in the included RCTs.
The line connection represents the different voice treatments with
each other which were in a direct examination comparison. The num-

bers reflect the number of included studies for these comparisons.

3.2 | Efficacy of voice treatment methods

There is a high heterogeneity in the results of NMA (12 = 81.8%) and
Figure 3 shows the forest plot. VFE manifested as the only intervention
with significant outcome effects on measures of MPT as evidenced by
Cl which did not cross the null line in the forest plot (see Figure 3). VFE
also demonstrated mean differences of the pre-post treatment above
the threshold of clinical relevance (MD = 6.16s, 95% Cl = 1.18-
11.13 s). According to the p-score ranking, VFE resulted in the strongest
outcome (p-score = .78) that markedly exceeded all other values (see

Figure 3).

4 | DISCUSSION

This present NMA is the second of its kind to evaluate the treatment
efficacy of voice treatment approaches in voice-disordered partici-
pants investigated in RCT study designs. Both network meta-analyses
generally reported a low risk of bias for included studies. The prior
NMA investigated the VHI as primary outcome parameter, which is a
common used voice parameter measuring the impact from the view of
the patient.” In that prior study, stretch-and-flow phonation revealed
significant and clinically relevant treatment outcomes. This interven-
tion ranked as the superior voice treatment across all other treat-

ments, but RV, comprehensive voice rehabilitation program, and VFE

approaches demonstrated statistically significant improvements on
VHI score, as well.Y” Three of these four relevant voice treatments
were included in the present NMA with the objective aerodynamic
primary outcome parameter of MPT as well. However, VFE was the
only treatment approach confirmed to yield significant improvement
in MPT compared to other voice treatment interventions. Thus, two
NMA studies have found VFE to be effective in eliciting clinically sig-
nificant pre-to-post treatment changes in measures of VHI and MPT.

VFE as a treatment approach utilises four core exercises that were
designed to strengthen and balance the laryngeal musculature and to
calibrate airflow with muscular effort.3’ The treatment stimuli consist
of multiple repetitions of a nasal vowel /i/ (exercise #1) or modified
vowel /o/ phonation—called lip buzz (exercise #2 to 4), in which maxi-
mal sustained phonation is trained in exercises #1 and #4.40 As such,
VFE can be characterised as adhering to the specify principle for motor
learning when relating these exercises to measures of MPT. That is,
two of the four VFE exercises require maximum sustained phonation.
VFE is a physiologic vocal treatment concept that strive to improve the
strength, balance, and stamina of laryngeal muscles under consideration
of improving the balance among laryngeal muscle effort, respiratory
effort and control, and the supraglottic placement of the tone.3’

A previous meta-analysis of VFE!® showed comparable results to
the present NMA in MPT mean improvements. In this previous meta-
analysis seven studies with different study designs were included for
the effect size calculation.?® These two meta-analyses indicated high
treatment efficacy when considering the outcome parameter of MPT,
where treatment success can be expected in patients with heteroge-
neous voice disorders.

An explanation of the weak performance of the other seven voice
treatment approaches analysed in this study could be that, unlike VFE,
they did not specifically target maximum sustained phonation. In the
VFE approach MPT is an essential ingredient, where patients control
their voice production (in exercises # 1 and #4) by eliciting a prolonged
vowel for as long as possible. Particularly, in exercise #4 (‘power’) the
patient is asked to produce up to five different pitches on sustained pho-
nation for as long as possible. Given the typical requirement for ‘home-
work’ productions of two sets repeated twice daily over the course of
treatment, one can see that the dosage of VFE and the specificity for
maximum sustained phonation in exercises #1 and #4 can yield improve-
ment in measures of MPT.** Treatment effects for efficient glottal clo-
sure at low lung volumes in the absence of hyperfunction have been
demonstrated at 3 weeks for VFE intervention, which may help to
explain the physiological strategies patients have used to improve MPT
measures.*?> To summarise, reports suggest that VFE treatment has an
effect on measures of MPT by increasing the power of inspiratory mus-
cles and by increasing muscular coordination, strength, and endurance

during exhalation than other voice treatment methods.

4.1 | Limitations and future directions

The caveats of the present meta-analysis relate to the generalizability

of the results, but also provide direction for future research.
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First, a high heterogeneity of studies in the present NMA was
measured (I? = 81.8%). It could be explained through publication bias
and selection biases across studies regarding (a) types and severity of
dysphonia and (b) differences in responsiveness for different voice
disorders of the MPT. Publication bias was not explicitly tested statis-
tically, but overall a low number of participants were included in the
treatment groups, which could explain the high 95% Cl in the forest
plots. The treatment duration was mostly 6 weeks with extremes of
2 weeks?”2¢37 to 12.4 weeks.3® However, the nearly all evaluated
interventions in the present study required a lower duration for inter-
vention than an unspecified voice treatment which had an average of
9.25 weeks.*3

Second, for the diagnosis of voice disorders as well as the evalua-
tion of treatment outcomes, multidimensional assessments are
required.>? Therefore, a standardised battery of voice measurements
or adherence to already established standards is important both for
the delivery of voice treatments and for high-quality comparative
studies of the outcome of different voice treatments.)” Recom-
mended protocols may consider for voice measurements: (1) laryngeal
imaging, %24 (2) auditory-perceptual judgement of voice quality,™?

1244 (4) aerodynamics,>?>** and (5) self-evaluation.'?

(3) acoustics,

Third, many voice treatment approaches were not considered in
the present study, although they may have been considered in prior
systematic reviews or surveys on voice treatment.l:1215:17:4045
Reasons for exclusion were based primarily on the lack of RCT design,
where studies used other voice treatment outcomes than MPT, or
dropped important statistical data for a NMA.

Fourth, the search strategy for relevant papers for this present
study was conducted in two languages. Other languages such as Asian
languages, Spanish, or French were omitted, which could also contain
potentially relevant publications.

Fifth, further studies are needed to evaluate voice treatments for
homogeneous groups of dysphonia. This meta-analysis has considered
organic and non-organic voice disorders in a fairly balanced propor-
tion. However, there is a high diversity between the numerous types
of voice disorders and severity of dysphonia that may vary consider-
ably the performance of the MPT. Evaluating the treatment effects of
specific approaches for other voice disorders generally encountered
in clinical practice, for example laryngitis, vocal fold nodules, vocal
fold polyps, vocal fold oedema, vocal fold cyst, vocal fold paralysis,
leucoplakia, carcinoma, and muscle tension dysphonia.*>1*

Sixth, the assessment of intensity and frequency of voice treat-
ment approaches should be further explored, as treatment dose issues

are poorly understood in the voice treatment literature.

5 | CONCLUSION

This NMA reported here provides evidence that VFE was effective in
improving MPT. The effect on MPT showed in other voice treatment
approaches no significant or clinically relevant treatment effects. Thus,
the presented NMA reduced the number of effective interventions from

a larger pool of voice treatment approaches based on an aerodynamic

analysis, when MPT is being utilised as a clinical outcome measure. Other-
wise, these findings may be especially useful for clinicians using diverse
therapies to treat dysphonia to better assess method-specific expecta-
tions for improvement in aerodynamic measurements after MPT. Finally,
the present study highlights that further contributions of high-quality
intervention studies are needed to support clinical practice in laryngology.
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