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Summary: Background. The prevalence of voice disorders for people aged > 65 years is four times higher 
than for the population at large. The most common cause of dysphonia in this group is presbyphonia, the 
preferred first-line treatment for which is voice therapy with a speech-language pathologist. This systematic 
review seeks to identify how voice therapy affects multidimensional voice outcomes in people with presby
phonia.  
Methods. A systematic search of CINAHL, Embase, Emcare, MEDLINE, and Google Scholar was con
ducted in March 2023. Comparative and noncomparative studies of voice therapy in participants aged 
> 50 years with presbyphonia were considered for inclusion. No limitations were placed on date or language of 
publication. Study quality and risk of bias were assessed with the Cochrane Risk of Bias 2 tool and the 
Methodological Index for Non-Randomized Studies. Subgroup analysis was used to compare studies based on 
participant sex, intervention duration, study design, and intervention content. Interventions were specified using 
the Rehabilitation Treatment Specification System (RTSS) employing a consensus methodology among re
viewers. The results were synthesized utilizing meta-analysis when outcomes were adequately specified and 
narrative analysis when they were not. 
Results. Twenty-three studies were included with 1050 subjects (mean age: 72.5  ±  8.6 years; 51% female). The 
most reported intervention was vocal function exercises. Per the RTSS, 14 interventions employed a pre
dominantly Organ Functions approach, and the 14 remaining interventions employed a Skills & Habits ap
proach. Meta-analysis confirmed posttherapy improvement in patient-related outcome measures of 0.93 
standard mean difference (P  <  0.00001, 95% confidence interval [CI]: 0.70–1.17); studies with predominantly 
males and with longer treatment periods were associated with larger improvements, while randomized con
trolled trials reported more modest improvements. Meta-analysis also identified a mean posttherapy increase in 
maximum phonation time (MPT) of 5.37 seconds (P  <  0.00001, 95% CI: 3.52–7.22). Treatments with an Organ 
Functions focus resulted in greater gains in MPT than those with a Skills & Habits focus (7.52 seconds versus 2. 
90 seconds). Finally, meta-analysis identified reductions in acoustic perturbation measures (jitter: 0.62%, P  <  0. 
001, 95% CI: 0.26%–0.97%; shimmer 1.05%, P  <  0.00001, 95% CI: 0.67%–1.44%). Narrative synthesis further 
identified improvement in auditory-perceptual voice quality in all active treatment groups as well as improved 
glottal function in most studies that reported this. 
Conclusions. Despite the uncertainty around internal validity introduced by the inclusion of a wide range of 
study designs, there is convincing evidence that voice therapy for presbyphonia results in significant im
provement in patient-reported, aerodynamic, acoustic, and expert-rated voice outcomes. Treatments with an 
Organ Functions focus may better address the underlying physiological deficits of presbyphonia, although future 
comparative studies with multidimensional voice assessment are warranted. 
Key Words: Presbyphonia–Aging voice–Vocal fold atrophy–Voice therapy–Speech-language pathology–Speech 
and language therapy.   

INTRODUCTION 

The prevalence of voice disorders for adults aged > 65 years is 
20%–30%, approximately four times higher than for the po
pulation at large and representing over 20% of all dysphonia 
diagnoses across all ages.1–3 For those living in care homes, 
prevalence is even higher at 40%.4 The proportion of over- 
65 seconds in the general population will not reach 20% until 
20305; however, they already outpace this percentage in re
ferrals to voice centers, placing an increasing strain on health 
services.6 Voice disorders in older adults can arise from a 
variety of etiologies, but dysphonia caused by age-related 
changes to the larynx and lower respiratory system, termed 
presbyphonia, is the most commonly reported6,7 and is on the 
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rise.8 The mainstay first-line treatment for presbyphonia is 
voice therapy with a speech-language pathologist.9 It seeks to 
reduce atrophy of the vocal folds, coordinate airflow with 
phonation, optimize resonance, pitch, loudness, and undo 
maladaptive patterns of laryngeal constriction.10,11 Although 
little aside from small case studies were published up until 
2008,11 evidence for the role of voice therapy in this popu
lation has been accumulating over the intervening period. 

A number of overview articles on the pathophysiology of 
presbyphonia and its treatment, including voice therapy, 
are available but have not employed an explicitly sys
tematic methodology.11,12 In contrast, Marchand and Bo
namigo published a systematic exploratory review of the 
broad application of speech-language therapy in the area of 
elderly voice,13 but their search was not confined to pres
byphonia nor to voice therapy rehabilitation. Galluzzi and 
Garavello, and more recently Bhatt et al, have published 
systematic reviews of surgical and behavioral treatment 
options for presbyphonia/age-related vocal fold atrophy. In 
the former,14 10 papers involving voice therapy were de
scribed in a narrative synthesis; however, no detail was 
given of eligibility criteria for including studies, and the 
authors were unable to offer conclusions on the effective
ness of particular approaches. In the latter paper,15 Bhatt 
et al used a well-specified systematic methodology to review 
the quality of the evidence and compare the relative efficacy 
of surgical and voice therapy interventions. Opting to 
forego quantitative data synthesis owing to heterogeneity 
among the studies, the authors called for future studies to 
use a common, multidimensional voice assessment to en
able comparison between interventions. They concluded 
that both surgical and voice therapy interventions appeared 
to be superior to control groups but were unable to con
clude on the relative superiority of one over the other. Fi
nally, Leão et al published the only systematic review to 
date focusing solely on voice therapy in an elderly voice 
population.16 This narrative synthesis was ostensibly of 
voice therapy interventions with a respiratory approach. 
Unfortunately, the authors did not make clear why the 
included studies were considered to have such a respiratory 
focus (beyond the fact that they broadly addressed some 
aspect of breathing during phonation). Their inclusion 
criteria also allowed for subjects with neurological disease 
(Parkinson’s disease), thereby introducing heterogeneity to 
the sample. 

Although systematic reviews and meta-analyses are 
considered gold standard evidence that a treatment works 
for a particular population, they offer limited practical 
information for clinicians in practice.17 It would be more 
useful to understand the active treatment ingredients and 
therapeutic targets, in other words, how a therapeutic ap
proach works and on what aspects of functioning, so that 
an intervention can be tailored to a specific patient, with 
specific needs, in a specific context. Systematic reviews are 
not typically designed to uncover such elements; however, 
utilizing a framework to specify the treatment components 
of an intervention can highlight similarities in therapy 

ingredients and targets and enable useful comparisons be
tween studies with similar approaches. In this way, simi
larities or differences between groups of treatments can be 
evaluated considering outcome measures of interest. 

We employed the Rehabilitation Treatment Specification 
System (RTSS)18 to describe the interventions utilized by 
the included studies. The RTSS conceptualizes a tripartite 
treatment component structure (Figure 1) to predict ther
apeutic change. One or more clinician-delivered ingredients 
are theorized to directly affect an element of patient func
tioning, a therapeutic target, via a proposed mechanism of 
action.19 

There are three mutually exclusive groups of treatment 
components specified by the RTSS: Organ Functions, tar
geting the function/structure of an organ; Skills & Habits, 
targeting the ability to perform a task/habit; and 
Representations, targeting modified knowledge/attitudes or 
probability of behaviors. Whereas the number of possible 
Representations targets and ingredients is possibly infinite, 
the RTSS developers envision finite expert curated sets in 
respect of Organ Functions and Skills & Habits treatments, 
from which clinicians might select as if from a menu.19 

Such a consensus list for voice therapy has recently been 
produced by Van Stan et al, the RTSS-Voice;20 it forms the 
basis of presbyphonia treatment specification for this 
review. 

Our primary objective was to identify how voice therapy 
affects multidimensional voice outcomes for people diag
nosed with presbyphonia through a broad synthesis of the 
relevant literature utilizing meta-analysis where possible. A 
secondary objective was to use subgroup analysis to make 
tentative comparisons between studies based on participant 
sex, intervention duration, study design, and intervention 
content (RTSS treatment groups). 

METHODS 
We report our methods and findings according to the Page 
et al’s guidelines in the Preferred Reporting Items for 
Systematic reviews and Meta-Analyses (PRISMA 2020 
statement).21 Please see Supplemental Information for the 
completed PRISMA 2020 checklist. 

Eligibility criteria 
Studies were eligible if they met the inclusion and exclusion 
criteria summarized in Table 1. Presbyphonia is often de
scribed as a diagnosis of exclusion,22 with a symptomatic 

FIGURE 1. RTSS tripartite treatment component (taken from 
the Manual of Rehabilitation Treatment Specification19). 
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course known to exhibit considerable variation between 
individuals.23 The presence of laryngeal aging (presby
larynx), alone, does not guarantee symptomatic presby
phonia,24 necessitating a wider consideration of other age- 
related changes to the physiology of voice production.12 

Despite chronological age being a poor predictor for bio
logical aging,10 a threshold age of 50 years was selected, as 
this is the age after which noticeable changes to respiratory 
structure and function occur,25 affecting the main power 
source of the voice. 

Information sources 
The search was conducted in March 2023 of four data
bases: CINAHL, Embase, Emcare, and MEDLINE. 
Google Scholar (scholar.google.com) was also searched to 
identify eligible gray literature or papers missed in the da
tabase search. Bibliographic searching was utilized 
throughout the identification process, and papers were 
considered for inclusion based on study title, abstract, and 
full text review. 

Search strategy 
Our search strategy was based upon subject heading and 
free text terms representative of the concepts of voice + 
aging + voice therapy (refer to Appendix A for the full 
search strategies utilized). No publication date or publica
tion language restrictions were imposed. 

Selection process 
Eligible citations were imported into Covidence (www.co
vidence.org), wherein screening decisions, critical appraisal, 
and data collection were undertaken. Initial title and ab
stract screening were undertaken by B.S.K. to identify 
studies to progress to full text eligibility screening. Full 
texts were retrieved and screened independently by B.S.K. 
and F.G. against eligibility criteria. Disagreements over 
eligibility were resolved at a meeting between reviewers. 
For papers published in a language other than English, full 
texts were machine translated semiautomatically using 
translate.google.com, and resultant texts checked for 
clarity. 

Data collection process 
Data were extracted independently from the eligible studies 
by B.S.K. and F.G. utilizing a custom data extraction 
template on Covidence. Any disagreements or incon
sistencies were resolved at a subsequent meeting between 
reviewers. In the event of unclear or inadequately specified 
data in the source studies, B.S.K. contacted authors to 
obtain clarification. 

Data items 
Data were extracted for voice-related outcomes to speech- 
language pathology interventions for presbyphonia. These 
were broadly categorized as patient-related outcome mea
sures (PROMs), objective measures of voice production 
(aerodynamics, respiratory function, acoustics, objective 
measures of laryngeal/glottal function), and subjective/ex
pert-rated outcome measures (auditory-perceptual voice 
quality and subjective measures of laryngeal/glottal func
tion). Data pertaining to intervention characteristics 
(dosing and duration of treatment and number of clinic 
visits) and participant characteristics (age and sex) were 
also extracted. 

Study risk of bias assessment 
Studies were assessed independently by B.S.K. and F.G. 
using a custom critical appraisal template on Covidence. 
For randomized controlled trials (RCTs), the Cochrane 
Risk of Bias 2 (RoB) tool was employed.26 For all other 
study designs, the Methodological Index for Non-Rando
mized Studies (MINORS) was used.27 The RoB 2 tool 
utilizes an algorithm to report three levels of risk of bias 
(low, high, and some concerns) across five domains for 
RCTs: randomization process, deviations from intended 
intervention, missing outcome data, measurement of the 
outcome, and the selection of the reported result. The al
gorithm outputs an overall risk of bias. For MINORS, 
studies are scored against 12 items (or a subset of 8 for 
noncomparative studies). The scoring system awards 2 
points if the item is reported and adequate, 1 point if it is 
reported and inadequate, and 0 points if it is not reported. 
This leads to a maximum score of 24 points for a com
parative study and 16 points for a noncomparative study. 

TABLE 1.  
Study Eligibility Criteria    

Inclusion criteria  
Population Adults aged ≥50 years with a diagnosis of presbyphonia/age-related dysphonia/vocal fold atrophy 
Intervention Behavioral voice therapy interventions delivered by/within scope of a speech-language pathologist 
Outcomes Patient-reported voice outcomes, objective/subjective measures of voice quality, and function 
Design Randomized and nonrandomized studies with and without a control group 

Exclusion criteria 
Population Adults aged  < 50 years, concurrent additional laryngeal pathology, or neurological/progressive 

degenerative disease 
Intervention Neuromuscular electrical stimulation/functional electrical stimulation 
Design Case series/reports where n ≤ 5 
Publication type Conference posters and conference abstracts   

Brian Saccente-Kennedy, et al Speech-Language Pathology Interventions for Presbyphonia 3   



Any disagreements in risk of bias assessment between re
viewers were resolved by discussion. 

Effect measures 
Outcome data were summarized and tabulated. For studies 
that adequately reported the spread of data (see next sec
tion), bias-corrected Hedge’s g (an effect size suited to 
smaller studies as sample size is considered in the calcula
tion) was determined using the following formula: 

= × ×g
M M
SD

N
N

N
N

3
2.25

2

pooled

1 2

In studies for which an effect size could not be de
termined, the direction of change and level of significance 
have been reported instead. When appropriate, outcomes 
were synthesized in meta-analysis. As these outcomes re
presented continuous data, mean difference/standard mean 
difference (SMD) were utilized to report effect measures 
using a randomized effect model. 

Synthesis methods 
Participant characteristics and details of the intervention(s) 
(approaches/therapies, dosing of home practice, duration 
of intervention) were tabulated from data extraction tem
plates, as were the pre- and post-intervention outcomes. 
For data that were insufficiently specified for meta-analysis 
(ie, no measure of the spread of the data in the form of a 
standard deviation [SD] or interquartile range [IQR]), 
B.S.K. contacted authors to request these data. For data 
that reported median/IQR and which were to be included 
in meta-analysis, the mean/SD were approximated as per 
the methods proposed by Wan et al.28 Where the data for 
two or more study subgroups needed to be combined, 
means/SD were combined using the Cochrane method.29 

Only in the case of approximating age distribution for all 
participants across all studies, the range rule30 was applied 
to approximate SD in studies that only reported mean and 
range. 

A first-stage result synthesis involved specifying the ex
tracted intervention detail as per the RTSS,18 guided by the 
consensus list of voice targets and ingredients provided by 
RTSS Voice.20 B.S.K. and F.G. independently reviewed the 
extracted data and proposed a number of intervention 
components (each having a singular target and one or more 
ingredients) for each intervention reported in the included 
studies. A consensus was arrived at for each treatment 
component and its corresponding target and ingredient(s) 
in discussion between the reviewers and J.V.S. The re
sulting RTSS specification for the interventions included 
within the studies allowed for the identification of inter
vention targets and their predominant treatment group 
(Organ Functions or Skills & Habits, no studies were 
characterized by a predominant Representations focus) al
lowing for meaningful subgroup analyses. The pre
dominant treatment group was determined in discussion 

between B.S.K. and F.G. and reflected the treatment 
theory (implicit or explicit) of the study authors for the 
given intervention. 

Other subgroup categories that were identified by the 
reviewers from study and participant characteristics were 
treatment duration (< 12 weeks versus ≥12 weeks), number 
of clinician-led sessions (< 6 versus ≥6), study design (RCT 
versus non-RCT), and sex composition (predominantly 
males [ > 65%] versus mixed sex [ < 65% males]). For 
duration, session number, and sex, thresholds were prag
matically set with the aim of producing groups of sufficient 
size to enable tentative subgroup comparison. Treatment 
duration was differentiated from number of sessions to 
discern the possible influence of home practice dose 
(treatment duration) as well as clinician input dose 
(number of sessions). 

Our principal research question is to identify how 
speech-language pathology interventions affect voice out
comes; it is broad and aims to capture a wide snapshot of 
practices. We have been heuristic in our inclusion of a 
variety of study designs, despite the challenge to internal 
validity presented by noncomparative designs. Meta-ana
lysis was conducted only for the most represented, con
tinuous outcomes. This enabled a more robust assessment 
of dispersion of outcomes and enabled subgroup analysis 
to identify possible sources of heterogeneity. 

The outcomes undergoing metanalysis were PROMs 
(adequately reported in 17 studies), maximum phonation 
time (MPT; adequately reported in 13 studies), and jitter/ 
shimmer (adequately reported in nine studies). We used a 
random-effects model in all cases, reporting mean differ
ence for all but PROMs, which required reporting the 
SMD owing to the different scales reported (Voice 
Handicap Index [VHI]-10, VHI-30, Voice-Related Quality 
of Life [VRQoL]). Reporting bias was assessed through 
visual inspection of funnel plots for each meta-analysis. 
For all other outcomes, a descriptive, narrative synthesis 
was undertaken. 

RESULTS 
Study selection 
Figure 2 shows the flow of study inclusion and exclusion, as 
detailed in the PRISMA 2020 statement.21 Of the 48 full 
texts retrieved, 23 were included in the present review. 
Most exclusions were due to not meeting population in
clusion criteria; six studies31–36 included only normophonic 
subjects, three37–39 included subjects without a diagnosis of 
presbyphonia, and two40,41 included subjects aged 
< 50 years. Seven papers were excluded because of their 
design; four42–45 included only five or fewer participants, 
and three46–48 were not interventional. Five papers49–53 

included patients with additional laryngeal or neurological 
pathology. Finally, two papers54,55 involved neuromus
cular/functional electronic stimulation, which were set out 
in exclusion criteria as not representing a behavioral 
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speech-language pathologist–led intervention. On full text 
review, B.S.K. and F.G. demonstrated excellent intrarater 
reliability (Cohen’s κ: 0.81). 

Study characteristics 
Table 2 presents the included studies and their character
istics, including country of origin, publication language, 
study design, level of evidence (as per the National Health 
and Medical Research Council’s guidelines),56 and popu
lation characteristics (sample size, percentage female, and 
age distribution). 

There were 1050 participants across the studies. 
Sufficient detail was available for 994 participants ap
proximating a mean age of 72.5 (SD: 8.16) years. All but 
one study57 reported proportions of male and female par
ticipants. We calculated the total group was approximately 
51% female. Per-study female percentages ranged from 0% 
to 85%, with a median percentage of 48.5% (IQR: 17.75). 

Risk of bias in studies 
Risk of bias, as identified using the RoB 2 and MINORS 
tools, is presented in Tables 3 and 4, respectively. For 

FIGURE 2. PRISMA flowchart for study inclusion.  
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RCTs, 25% were identified to have a low risk of bias, while 
the remainder (n = 6) were identified to carry “Some Con
cerns” for overall bias. This arose in most cases (n = 4) 
from the “Deviations from intended interventions” domain 
and tended to reflect a lack of intention-to-treat analysis in 
the face of loss to follow-up. In all cases, the reviewers 
judged this posed little potential for a substantial impact on 
the result. The overall finding of “Some Concerns” for the 
remaining two studies arose from the “Randomization 
process” domain, as neither study documented whether 
their allocation sequence was concealed until all partici
pants were enrolled. The reviewers did not consider that 
baseline group differences suggested problematic rando
mization. Initial agreement between the reviewers for RoB 
2 domains was substantial (Cohen’s κ: 0.8–1.0) for all do
mains except for “Deviations from intended interventions” 
(κ: 0.3). Disagreements between reviewers were resolved by 
discussion. 

The remaining papers (n = 15) were assessed with 
MINORS. There were comparative studies and eligible for 
a maximum score of 24. The rest were noncomparative and 
eligible for a maximum score of 16. Scores ranged from 8 
(Iwaki et al) to 20 (Berg et al). The comparative studies, as 
expected, attained higher scores (15–20). The most 
common concern regarding the nonrandomized studies was 
a failure to report on prospectively calculated study sizes. A 
majority (n = 11) were inadequate in terms of loss to 
follow-up, either not reporting it (n = 4) or reporting levels 
higher than 5% (n = 7). A majority (n = 9) were problematic 
in terms of blinded assessment of outcomes, either not re
porting on blinding (n = 4) or otherwise reporting un
blinded assessment (n = 5). Eight of the studies received an 
inadequate rating for retrospective data collection. Initial 
interreviewer agreement for MINORS items was slight for 
items 3, 5, 6, and 7 (Cohen’s κ: 0–0.2), moderate for items 
1, 2, and 4 (κ: 0.5), and substantial for items 8–12 (κ: 
0.7–0.9). As above, disagreements between reviewers were 
resolved by discussion. 

Our protocol did not specify an a priori level of bias/total 
MINORS score that would disqualify a study from this 
review. We felt it was beneficial to utilize bias tool scores to 
inform discussions between the reviewers over quality 
concerns and the final inclusion/exclusion decision. 
Following discussion, no papers were excluded due to risk 
of bias assessment. As this review aimed to capture a wide 
representation of presbyphonia voice therapy, we con
sidered it more useful to retain the papers included for data 
extraction and explore quality/study design in subgroup 
sensitivity analysis whenever possible. Sensitivity analysis 
of heterogeneity was also used to explore the confidence 
and certainty of the evidence for outcomes. 

Interventions 
Study intervention details, including any comparators/ 
control groups, dosing of home practice, number of ses
sions with the speech-language pathologist, and duration of 
treatment/time to follow-up, are presented in Table 5. The 
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study durations ranged from a single session to several 
months. Longitudinal postintervention follow-up was in
cluded in only two studies (Godoy et al and Iwaki et al), 
comprising a 1-month and 12-month follow-up, respec
tively. The number of therapy sessions received by parti
cipants ranged from one session (Guzman et al) to 16 
(Godoy et al). Home practice regimes differed by therapy 
task, requiring practice from one to five times per day from 
5 to 7 days per week. Tracking adherence to home practice 
was mentioned in eight studies57,58,61,63,64,69,78,80; however, 
only Ziegler et al reported the outcome of adherence 
tracking (∼89% compliance). For the remaining seven 
studies, Belsky et al were unable to report due to missing 
data, and Godoy et al reported only that no participant 
was fully compliant with home practice. The remaining five 
studies mentioned adherence tracking but reported 
no data. 

The most frequently utilized intervention was vocal 
function exercises (VFE),81 reported by more than half 
(n = 14) of the included studies.57,59–61,64,66,67,69,72–74,76,78,80 

Seven studies employed semi-occluded vocal tract exercises 

(SOVTEs) either as a primary or adjunctive therapy 
approach.60,63,65,72,74,76,77 Phonatory resistance therapy ex
ercises (PhoRTE) were used in two studies,58,80 while a 
qualitatively similar approach (“vocal resistance training”) 
was used by Kaneko et al in their electromyographic (EMG) 
outcomes study.70 Other approaches such as resonant voice 
and abdominal breath work were also used as adjunctive 
therapy in four59,60,69,74 and two studies,60,76 respectively. 

As detailed in section Synthesis methods, interventions 
were summarized and specified as per the RTSS. In all 
cases, the reviewers confined themselves to what was re
ported for intervention content in each paper, avoiding 
speculation based on clinical judgment/experience of deli
vering presbyphonia therapy. Wherever possible, they used 
the treatment theory espoused by the authors when speci
fying their intervention. Table 6 details the intervention 
component targets and the treatment groups to which they 
belong (Organ Functions, Skills & Habits, Representations). 
A full articulation of the RTSS treatment component 
specification for each paper, including therapy ingredients 
and dosing, is in the Supplemental Information. 

TABLE 4.  
Quality Assessment—Methodological Index for Non-Randomized Studies (MINORS)   
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TOTAL

Berg et al. (2008) 2 2 1 2 2 2 1 0 2 2 2 2 20

Bick et al. (2021) 2 2 1 2 1 2 1 0 1 2 1 2 17

Kaneko et al. (2015) 2 0 1 2 0 2 0 0 2 2 2 2 15

Gorman et al. (2008) 2 2 2 2 2 2 2 0 14

Inoue et al. (2013) 2 2 2 2 2 2 1 0 13

Iwaki et al. (2017) 2 0 2 1 0 2 1 0 8

Kaneko et al. (2021) 2 1 2 2 2 2 0 0 11

Kim et al. (2010) 2 2 2 2 1 2 0 0 11

Kondo et al. (2022) 2 2 1 2 1 2 0 0 10

Mato et al. (2018) 2 2 2 2 0 2 1 0 11

Mau et al. (2010) 2 2 1 2 1 1 2 1 12

Motohashi et al. (2022) 2 2 1 2 2 2 2 0 13

Nambu et al. (2019) 2 2 1 2 0 2 1 0 10

Sauder et al. (2010) 2 2 2 2 2 2 1 0 13

Zhu et al. (2018) 2 2 1 2 1 2 2 0 12

2: Reported and adequate, 1: Reported and inadequate, 0: Not reported
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Only compara ve studies eligible
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TABLE 5.  
Study Interventions, Dosing, and Duration          

Study 
Groups and 
Interventions 

Home Practice Clinician Input 

Tasks × Reps 

Times 
Per 
Day 

Days 
Per 
Week 

Number of 
Sessions Duration 

Postintervention 
Follow-Up  

Belsky et al PhoRTE (G1, G2) 4 × 10 1 6 4 4 weeks None 
1 × 0.5−2 min 

EMST (G1) 1 × 5 5 5 4 4 weeks None 
Berg et al VFE (G1) 4 × 2 2 7 4.1 (mean) 5.1 months 

(mean) 
None 

Resonant voice (G1) NI 
Bick et al VFE (G1) 4 × 2 2 7 6−10 “Several 

months” 
None 

AB, resonant voice, 
SOVT (G1) 

NI 

Desjardins 
et al 

VFE (G1) 4 × 4 2 7 4 4 weeks None 
VFE (G2, G3) 4 × 2 2 7 
EMST (G2)/IMST (G3) 1 × 5 5 7 

Fujimaki 
et al 

Pulling-phonation (G1) 1 × 2 2 7 3 6 months None 

Godoy et al Intensive VTE (G1) 5 × 4 min 2 7 16 4 weeks 1 month 
1 × 2 min 

Conventional VTE (G2) 5 × 4 min 2 7 16 8 weeks 1 month 
1 × 2 min 

Gorman 
et al 

VFE 4 × 2 2 7 12 12 weeks None 

Guzman 
et al 

WRT (G1) 6 × 5 min N/A N/A 1 N/A None 

Inoue et al High-load VFE 4 × 3 2 7 NI 4−12 weeks None 
Iwaki et al VFE (base phase) 4 × 2 2 7 4 8 weeks 1 year 

VFE (maintenance 
phase) 

4 × 2→1 2→1 7→3→1 3−4 7 weeks 

Kaneko 
et al 

VFE (G1) 4 × 2 2 7 NI ∼8 weeks None 
Resonant voice (G1) NI 

Kaneko 
et al 

Vocal resistance training NI 5-6 12 weeks None 

Kim et al SKLCT NI 4-12 
(mean:7.3) 

4−12 weeks 
(mean:7.3) 

None 

Kim et al SKLCT (G1) 2 × 1 2 7 8 8 weeks None 
VFE (G2) 4 × 2 2 7 

Kondo et al WRT NI “daily” 7 6 (n = 10) 12−24+ weeks None 
7+ (n = 11) VFE 4 × 2 “daily” 7 

Mato et al VFE 4 × 2 2 7 3 8 weeks None 
Mau et al LSVT/ VFE/resonant 

voice/WRT 
NI 1−7 

(mean: 2.6) 
NI None 

Motohashi 
et al 

Breath-holding + pulling 1 × 10 3 7 2 4 weeks None 

Nambu 
et al 

VFE 4 × NI NI NI 5−12 
(mean:8.1) 

NI None 
AB/SOVT/deconstriction NI 

Santos et al WRT (G1) NI 8 8 weeks None 
Vocal hygiene (G2) NI 

Sauder et al VFE 4 × 2 2 7 6 6 weeks None 
Zhu et al Breath-holding + hard 

onset 
1 × 10 min 2 7 6 12 weeks None 

Ziegler et al VFE (G1) 4 × 2 2 7 4 6 weeks None 
PhoRTE (G2) 5 × 2 2 7 

Abbreviations: AB, abdominal breathing; EMST/IMST, expiratory muscle strength training/inspiratory muscle strength training; G1, G2, G3, groups 1, 2, 3, etc; 
LSVT, Lee Silverman Voice Therapy; NI, no information; PhoRTE, phonatory resistance training exercises; SOVT, semi-occluded vocal tract exercises; VFE, 
vocal function exercises; WRT, water resistance therapy.    
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TABLE 6.  
RTSS Intervention Targets and Treatment Categories   

RTSS Treatment Group → ORGAN FUNCTIONS SKILLS & HABITS REPRESENTATIONS
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↓ Groups and Interven�ons
(Treatment Group)

Belsky et al.
(2021)

G1: PhoRTE + EMST (OF) ● ● ● ●
G2: PhoRTE (OF) ● ● ● ●

Berg et al.
(2008)

G1: VFE/RV (S&H) ● ● ● ●
G2: No therapy (C)

Bick et al.
(2021)

G1: VFE/AB/SOVTs (S&H) ● ● ● ● ● ● ● ●
G2: No therapy (C)

Desjardins et al. 
(2022)

G1: VFE (S&H) ● ● ●
G2: VFE + EMST (OF) ● ● ● ●
G3: VFE + IMST (OF) ● ● ● ●

Fujimaki et al. 
(2017)

G1: Pulling-Phona�on (OF) ● ● ●
G2: Vocal educa�on (R) ●

Godoy et al. 
(2019)

G1: Intensive VTE (OF) ● ● ● ● ● ● ● ● ●
G2: Conven�onal VTE (OF) ● ● ● ● ● ● ● ● ●

Gorman et al. 
(2008) VFE (S&H) ● ● ●

Guzman et al. 
(2018)

G1: WRT (OF) ● ●
G2: Open vowels (C)

Inoue et al. 
(2013) High-load VFE (OF) ● ● ●

Iwaki et al. 
(2017) VFE (S&H) ● ●

Kaneko et al.
(2015)

G1: VFE/RV (S&H) ● ● ● ● ● ●
G2: No therapy (C)

Kaneko et al. 
(2021) Vocal resistance training (OF) ● ● ●

Kim et al. 
(2010) SKLCT (S&H) ● ● ● ● ● ●

Kim et al. 
(2015)

G1: SKLCT (S&H) ● ● ● ● ● ● ● ●
G2: VFE (S&H) ● ● ●
G3: No therapy (C)

Kondo et al.
(2022) WRT/VFE (S&H) ● ● ● ● ●

Mato et al.
(2018) VFE (S&H) ● ● ● ●

Mau et al.
(2010) LSVT/ VFE/RV/WRT (OF) ● ● ● ● ●

Motohashi et al. 
(2022) Breath-holding + pulling (OF) ●

Nambu et al. 
(2019)

VFE/AB/SOVT/Deconstric�on
(S&H) ● ● ● ● ● ●

Santos et al.
(2014)

G1: WRT (OF) ●
G2: Vocal educa�on (R) ● ●

Sauder et al. 
(2010) VFE (S&H) ● ● ●

Zhu et al. 
(2018)

Breath-holding + hard onset 
(OF) ● ● ● ● ● ●

Ziegler et al.
(2014)

G1: VFE (S&H) ● ● ●
G2: PhoRTE (OF) ● ● ● ●
G3: No Therapy (C)

Notes: Predominant treatment categories: OF, Organ Functions; S&H, Skills & Habits; R, Representations; C, Control (no treatment). 
Abbreviations: AB, abdominal breathing; EMST/IMST, expiratory muscle strength training/inspiratory muscle strength training; LSVT, Lee Silverman Voice 
Treatment; PhoRTE, Phonation Resistance Training Exercises; RTSS, Rehabilitation Treatment Specification System; RV, resonant voice; SKLCT, Seong Kim 
Laryngeal Calibration Technique; SOVT, semi-occluded vocal tract exercises; VFE, vocal function exercises; VTE, vocal therapy for the elderly; WRT, water 
resistance therapy.    
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RTSS-based specification uncovers the overlapping 
treatment targets of otherwise disparately described 
therapy approaches. Twenty studies included a Skills & 
Habits treatment target, while only 12 employed an Organ 
Functions target. Eighteen studies explicitly mentioned a 
treatment component with a Representations target. 

Skills & Habits targets for the treatments described in the 
included studies involve volitional action by the patient to 
improve their ability to perform a task, and the mechanism 
of action for such treatment components is understood to 
be “learning by doing.”19 Typically, the treatment in
gredients for these targets involve an opportunity to re
peatedly practice a target behavior in the presence of 
clinician-supplied instruction, cues, and feedback. Table 6 
includes target skills related to respiration (increased ab
dominal movement, improved phonatory-respiratory co
ordination), phonation (reduced irregularities in voicing, 
improved voice quality, increased pitch range, increased 
loudness/loudness range), resonance (improved forward 
placement), muscle activation (reduced muscle activation 
during phonation, improved closure [hard onset]), and 
perceptual abilities (improved discrimination of voice 
quality). VFEs, as specified according to RTSS by Van 
Stan and Stemple (in review), require the patient to produce 
a resonant voice quality, as softly as possible for as long as 
possible and is therefore an example of a predominantly 
Skills & Habits intervention. The changes that VFE are 
thought to induce occur through volitional activity in 
learning a skill by doing. 

Organ Functions targets, by contrast, may or may not 
involve volitional action to effect the intended change, but 
the change, itself, is not due to learning.19 The majority of 
the treatment components with an Organ Functions target 
involve increasing strength or muscular activation through 
the application of a load of resistance. Examples of pre
dominantly Organ Functions interventions are PhoRTE, 
breath-holding with pulling, hard onset therapy, and re
spiratory muscle strength training, which seek to reverse 
laryngeal/respiratory muscle wasting through high-in
tensity phonation or by directly loading the respiratory 
and/or adductory musculature. 

Finally, Representation targets involve a change in 
knowledge or attitude, as well as choices and decisions that 
might be linked to an action. This could be the pre
dominant treatment group for an intervention, for ex
ample, seeking to reduce vocal misuse (as used in the vocal 
hygiene control group in Santos et al). The Representations 
domain is also where “volitional targets/ingredients” sit in 
the RTSS; these are targets that aim at accurate/adherent 
practice of a treatment. When present, these ingredients 
might include therapist-delivered feedback on task perfor
mance. When the therapist is not present, carrying out the 
volitional behavior (the therapeutic task) can become a 
separate target of its own. The RTSS requires that any 
intervention involving home practice, away from clinician 
feedback, must include a specified Representations target to 
ensure accurate home practice. Table 6 details 

Representations targets of this type (improved accuracy of 
home practice, improved adherence to home practice 
schedule) as well as improved knowledge around the di
agnosis of presbyphonia, coping strategies, and vocal hy
giene. Every included study likely had a Representations 
target/ingredient, such as online clinician feedback or 
written instructions for home practice, but only those that 
made explicit reference to this have been included in  
Table 6. 

The reader will notice that “reducing muscle activation” 
is listed as both an Organ Functions target and a Skills & 
Habits target. This is because the desired change was 
achieved via different mechanisms of action across studies. 
Godoy et al and Zhu et al achieved this in a nonvolitional 
manner; the former used lip trills to achieve “normotensive 
vocal folds,” while the latter utilized acupuncture and neck 
massage. The reduction in muscle activation was nonvoli
tional for the patient receiving the therapy; it “just hap
pened” as a direct result of the activity itself, and no 
training occurred to further improve, generalize, or habi
tuate voice-related changes. In contrast, other studies re
duced muscular activation through the volitional practice 
of a new skill. For example, Kim et al used laughter and 
inspiratory phonation to decrease hyperfunction and gen
eralize this into speech, and Nambu et al used yawn-sigh in 
a similar manner. 

Investigators also used the same therapy tasks but to 
different ends (targets) within different treatment groups, 
meaning the same task represented different therapeutic 
ingredients. Take, for example, SOVTE. Godoy et al used 
WRT in 2 cm of water to normalize laryngeal muscle ac
tivation (Organ Functions). The critical ingredient of the 
SOVTE was that it provided resistance to phonation. 
Kaneko et al used the same technique (WRT in 2 cm of 
water) to improve forward resonance (Skills & Habits). The 
critical ingredient of the SOVTE here was that it provided 
increased kinesthetic awareness during practice from the 
tube vibrating and the water bubbling. Both are valid uses 
of the same technique, but detailing treatment components 
via the RTSS exemplifies that the same task is being utilized 
to deliver different therapy ingredients (eg, phonation 
against resistance versus opportunities to practice voicing 
with amplified kinesthetic sensations). 

As regards categorizing the included interventions into 
predominant treatment groups, the 14 treatments that 
employed an Organ Functions target were determined by 
the authors to represent a predominantly Organ Functions 
treatment, while the remaining 14 active treatments were 
determined to represent predominantly Skills & Habits 
therapies. Although two control group activities were de
termined to reflect a Representations focus, no active 
treatments belonged to this category (see Table 6). 

RESULTS OF INDIVIDUAL STUDIES 
Appendices B1-B6 detail effect sizes (Hedge’s g) calculated 
from the results reported in the included studies for 
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PROMs, aerodynamics, acoustics, respiratory measures, 
laryngeal/glottic function, and subjective/expert-rated 
measures of voice and functioning. These will be sum
marized and synthesized in the following sections. For 
studies that reported multiple time points66/longitudinal 
follow-up,63,68 we include only preintervention and im
mediately postintervention outcomes in tabulated results to 
simplify comparison. 

Results of syntheses 
Patient-related outcome measures 
As demonstrated in Appendix B1, 17 studies reported on a 
patient-reported outcome measure, 13 using either the 
VHI-1082 or VHI-30.83 All studies reporting on PROMs 
reported an improvement in at least one group undergoing 
voice therapy for presbyphonia. Effect sizes ranged from 
0.26 (small) to 2.82 (very large), with the majority reporting 
a large effect in at least one measure and for one subgroup. 
For those studies including a “no therapy” control 
group,57,60,69 no significant change in PROMs were seen. 

VHI-10, VHI-30, and VRQoL,84 reported by 17 studies, 
were analyzed in a meta-analysis. This was judged appro
priate, as VHI-10 has been found to be highly correlated to 
VHI-3082 and to VRQoL.85 As VRQoL scales are in the 
opposite direction to VHI-10/VHI-30 (higher numbers re
present less handicap), VRQoL scores were transformed by 
subtracting from 0. Also, for the purposes of meta-analysis, 
comparative cohorts in studies receiving an active behavioral 
treatment have been combined (unless subgroup sensitivity 
analysis was being undertaken and the cohorts represented 
different categories, in which case they were considered se
parately, ie, sex composition or RTSS treatment group). 

The results of the meta-analysis are seen in Figure 3. 
Analysis confirms a posttherapy SMD for included studies 
of 0.93 (P  <  0.00001; 95% confidence interval [CI]: 
0.70–1.17), indicating a large treatment effect. Hetero
geneity (I2) was found to be mildly raised at 51%; it appears 
that Belsky et al might be an outlier in reporting a very 
large effect size. When this study is removed, the I2 drops to 
17%, and the results continue to suggest a large treatment 

effect (SMD: 0.84; P  <  0.00001; 95% CI:0.66–1.03). Visual 
inspection of a funnel plot for this metanalysis (Appendix 
C1) identified no significant evidence of reporting bias. 

Subgroup analysis was carried out according to RTSS 
treatment group, duration of treatment, number of ses
sions, sex, and study design. With Belsky et al removed as 
an outlier, greater treatment effects were reported for stu
dies with predominantly male participants (1.25 versus 
0.81; P = 0.05) and studies with a longer treatment period 
(> 12 weeks; SMD 1.18 versus 0.74; P = 0.03); however, the 
same relationship did not hold for number of therapist-led 
sessions (P = 0.80). Study design analysis identified that 
RCTs were more homogenous in PROMs results and 
tended to report more modest improvements than non- 
RCTs (SMD 0.57 versus 0.96; P = 0.04). RTSS treatment 
group was not found to affect PROMs outcomes. 

MPT and aerodynamics 
The next most reported outcome was MPT, reported by 15 
studies (Appendix B2). All but one of these studies reported 
an improvement in MPT for participants receiving voice 
therapy, with effect sizes from 0.34 (small) to 1.74 (very large). 
Although MPT is not, itself, an aerodynamic measure, as it is 
an indirect correlate of mean laryngeal flow rate and affected 
by laryngeal airway resistance,86,87 we include it in this sec
tion. As for other aerodynamic outcomes, 11 studies directly 
reported mean flow rate, with most (n = 6) reporting no 
change. Subglottic pressure was reported by five studies, with 
three reporting an increase and another, Desjardins, reporting 
equivocal results. Finally, Guzman et al also reported an in
crease in glottal resistance following WRT. 

A meta-analysis of MPT was undertaken for the 13 
studies that reported their results with adequate detail 
(means/SD). The results confirm a mean increase in MPT 
of 5.37 seconds (P  <  0.00001; 95% CI: 3.52–7.22). 
Although visual inspection of a funnel plot for these results 
(Appendix C2) did not reveal evidence of reporting bias, 
heterogeneity for the included studies was unacceptably 
high at I2 = 79%. Gorman et al, the only study whose 

FIGURE 3. PROMs meta-analysis.  
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cohort was 100% males, appears to be an outlier. The 
pretherapy mean MPT for their cohort was 22.0 seconds 
(SD: 6.86), which is significantly higher than the pretherapy 
MPT calculated for the participants across the studies, 
12.7 seconds (SD: 6.73, n = 487). However, removing this 
study only modestly reduces heterogeneity (I2 =77%). 

Subgroup analysis proved more telling. With Gorman et al 
removed, clustering the studies along RTSS treatment group 
(Figure 4) resulted in significantly different subgroups 
(P  <  0.00001) with much lower heterogeneity (Organ Func
tions: I 2 =18%, Skills & Habits: I2 =0%). The mean increase 
to MPT for studies with an Organ Functions treatment focus 
was 7.52 seconds (P  <  0.00001; 95% CI: 6.39–8.65) compared 
to an increase of only 2.90 seconds (P  <  0.0001; 95% CI: 
1.56–4.23) for studies with a Skills & Habits focus. Analysis 
per number of sessions was also significant. MPT improved 
more in studies with fewer (< 6) therapist-led sessions (3.26 
versus 6.61 seconds; P = 0.01). Although this seems counter
intuitive, this effect may be in part because all but one Organ 
Functions study featured fewer than six therapy sessions. 
Subgroup analysis along other categories (duration, sex, and 
study design) did not yield significant differences. 

Acoustic measures 
Appendix B3 summarizes the outcomes from the included 
studies for acoustic outcomes. Measures included shimmer/ 
amplitude perturbation quotient (13 studies), jitter (12 stu
dies), noise-to-harmonics ratio (nine studies), loudness (SPL) 
or loudness range (seven studies), speaking fundamental fre
quency (SF0; seven studies), fundamental frequency (f0) range 
(six studies), and cepstral measures (two studies). Of the 16 
studies reporting acoustic outcomes, only two failed to iden
tify an improvement posttherapy, although effect sizes varied 
considerably from small (0.32) to extremely large (3.34). 

The measures with the least convincing pattern of change 
were SF0 and loudness. Seven studies investigated SF0, and 
only two reported a change. Both Bick et al and Zhu et al 

reported an increase in pitch (females only in the former case). 
In the six studies reporting SPL, only two demonstrated an 
improvement (increase). SPL and Fo range, however, showed 
more convincing change. F0 range improved in five of the six 
studies that investigated it. SPL range, investigated in one 
study, improved with small-medium effect size. 

The outcomes for jitter and shimmer were synthesized in a 
meta-analysis. Figure 5A demonstrates that jitter decreased 
by a mean of 0.62% (P = 0.0007; 95% CI: 0.26%–0.97%), but 
heterogeneity was high with I2 = 80%. The results for 
shimmer (Figure 5B) were more consistent across the studies, 
with a mean decrease of 1.05% (P  <  0.00001; 95% CI: 
0.67%–1.44%) and an I2 of 27%. Inspection of funnel plots 
(Appendix C3 and 4) revealed a qualitatively less symmetrical 
distribution of results and leaves open the possibility of 
publication bias. Acoustic measure subgroup analysis, per
haps hampered by fewer eligible studies, did not prove to be 
significant in any category. 

Expert-rated outcomes, glottic/laryngeal behavior, 
and respiratory measures 
Appendices B4-B6 summarize the outcomes and effect sizes 
for expert-rated perceptual voice outcomes, glottic/lar
yngeal behavior, and respiratory measures, respectively. 

Twelve studies reported on a measure of perceptual voice 
quality (Appendix B4), with posttherapy improvement 
noted in at least one auditory-perceptual domain for at 
least one group receiving active voice therapy treatment for 
all studies. Most studies (n = 9) used the GRBAS (grade, 
roughness, breathiness, asthenia, strain) rating scale (0–3). 
Two used a visual analog scale (VAS; 0–100) for overall 
severity or perceptual subcategories. One study used the 
categories “improved/worsened/the same” listening to 
paired recordings. Owing to the mix of categorical, con
tinuous (VAS), and ordinal data (despite many studies 
treating the GRBAS scale as continuous), we did not feel 

FIGURE 4. RTSS subgroup meta-analysis for maximum phonation time (MPT).  
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such data were appropriate for meta-analysis and reported 
these findings in narrative synthesis. 

Dysphonia severity (variously reported as “overall se
verity” from CAPE-V, “G (grade)” from GRBAS, or the 
“GRBAS total” sum of subscales) was the most reported 
category (12 studies). All but one paper reported an im
provement following voice therapy with large to extremely 
large effect sizes. Breathiness was the next most reported 
metric (seven studies), with six reporting improvement (re
duction). Roughness, asthenia, and strain were reported in six 
studies; roughness improved in all six studies, asthenia im
proved in four, and strain improved in three. Finally, im
provement was also found in vocal instability (two studies) 
and perceptual loudness (one study). Although not a per
ceptual voice assessment, Mau et al reported on expert (ie, 
clinician) rating of patient functioning and participation using 
the National Outcome Measures Scales, finding significant 
(P  <  0.001) improvement posttherapy. 

Ten papers reported glottal characteristics/laryngeal func
tion (Appendix B5), although methods and measures varied 
widely. Metrics included electroglottography (CQ),65 lar
yngeal EMG,70 measures derived from videos
trobosopy,57,61,63,69,71,73,78 and aerodynamic assessment.64 

Videostroboscopic measures included structured perceptual 
assessment tools, such as the Voice-Vibratory Assessment 
with Laryngeal Imaging,61 semistructured and ad-hoc expert- 
rated scales,57,63,71,78 as well as calculated parameters such as 
vibratory dynamics,78 bowing index (a measure of the degree 
of vocal fold bowing at rest),88 normalized mucosal wave 
amplitude, and normalized glottic gap.70 

The most reported glottal behavior outcome was glottic 
closure. Eight studies reported this, including six that re
ported increased closure after therapy. The results for vocal 

fold bowing were more equivocal—fewer studies reported 
on it (four), and only half of these found a posttherapy 
improvement. Godoy et al only found such an improve
ment in the intensive therapy group (four sessions instead 
of two sessions per week). Kaneko et al identified increased 
muscle activation (via laryngeal EMG) and improved vi
bratory characteristics following high-intensity “vocal re
sistance training” despite no change to bowing. Three other 
studies investigated mucosal wave characteristics, and two 
of these also identified posttherapy improvements in am
plitude, symmetry, or regularity. Compensatory hy
perfunction was assessed in five studies and found to 
improve in three. 

Finally, Appendix B6 reports on respiratory measures, 
the least-reported outcome category. Two papers in
vestigated respiratory muscle strength, Belsky et al and 
Desjardins et al, as both studies investigated the impact of 
this form of strength training on presbyphonia. Those in
terventions targeting improved expiratory muscle strength 
resulted in greater improvement to maximum expiratory 
pressure. Those that targeted inspiratory muscle strength 
resulted in larger improvements to maximum inspiratory 
pressure, in line with current evidence for respiratory 
muscle strength training interventions.89 Three papers in
vestigated pulmonary function, but only one, Santos et al, 
identified an improvement to vital capacity following voice 
therapy. No papers reported on speech-breathing kine
matics. 

DISCUSSION 
This paper reviewed voice therapy literature to understand 
how clinician-delivered behavioral interventions affect 

FIGURE 5. A (top) and B (bottom): Meta-analysis for Jitter (top) and Shimmer (bottom).  
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outcomes in presbyphonia. A detailed systematic search 
was undertaken, and the relevant studies appraised by two 
reviewers. The resultant 23 studies, the largest body of 
presbyphonia voice therapy research synthesized to date, 
represented a variety of designs and a range of quality. 
Rather than exclude nonrandomized studies, or disregard 
papers of comparatively lower quality, we decided to ex
plore issues of heterogeneity and potential bias through 
holistic appraisal and sensitivity analysis. To facilitate 
meaningful comparison of the therapeutic approaches, a 
consensus-based specification methodology was im
plemented, applying the RTSS, to understand the ther
apeutic targets and ingredients involved. This detailed 
specification enabled theory-based subgrouping alongside 
analysis based on intervention duration, number of ses
sions, participant demographics, and study design. 

PROMs were the most reported, and perhaps most 
consistently improved, set of outcomes following voice 
therapy for presbyphonia. Improving perceived vocal 
handicap, or VRQoL, is an important therapy goal in the 
treatment of presbyphonia and may be a more sensitive 
indicator of real-life improvement in activity and partici
pation.78 Difficulty communicating for older people can 
have severe implications on health and social integration,90 

and more than half with a diagnosis of presbyphonia have 
a significantly impaired quality of life.1 All studies re
porting on PROMs in the current review reported im
provement; for those studies comparing an active treatment 
and no-treatment control group, significant improvement 
was only identified in the therapy group. However, as only 
four of the 17 studies reporting on PROMs included a no- 
therapy control group, we must interpret these results 
cautiously. It is uncertain how much the improvements 
were attributable to active therapeutic ingredients and how 
much were due to observer-expectancy or placebo effects, 
to which voice PROMs may be particularly susceptible.91 

MPT was the next most reported outcome and another 
measure that improved following voice therapy for pres
byphonia. MPT is frequently used to assess vocal function 
and phonatory mechanics, as it requires minimal specia
lized equipment. The maximum time a person can sustain 
phonation is directly impacted by flow rate and the valving 
capability of the vocal folds.86,87,92 Although MPT in 
younger populations has not been shown to be correlated 
with lung function derived from spirometry, it has been 
correlated with forced vital capacity (which is related to the 
strength of respiratory musculature, the elasticity of the 
lungs and the rigidity of the ribcage) in older adults re
quiring long-term care.93 As these factors, laryngeal valving 
and vital capacity, are affected by the aging process and 
implicated in the pathogenesis of presbyphonia,9 MPT is a 
frequently used metric to measure voice therapy progress in 
this patient group (with the caveat that an improvement in 
MPT does not differentiate which aspect, respiratory, lar
yngeal, or both, has improved). Metanalysis confirmed that 
for the included studies, voice therapy increased MPT for 
people with presbyphonia by a mean of 5.37 seconds. When 

this increase is considered against the cross-study partici
pants’ pretreatment mean MPT of 12.7 seconds (particu
larly as recent data suggest normative MPTs for adults in 
the seventh to ninth decades is ∼22 seconds),94 it suggests a 
significant improvement in the direction of normality. As 
recent work considers a posttherapy increase of greater 
than 1.41 seconds to be the threshold for treatment suc
cess,95 it is also likely a clinically meaningful one. Caution 
is required, however, as increased MPT may not necessarily 
be associated with improved functional outcomes. Physio
logical improvement still requires generalization of these 
gains to everyday voice use. Furthermore, the use of MPT 
has been found to demonstrate considerable intrasubject 
variability across trials.86 Although adults with the most 
severe presbyphonic symptoms also have respiratory im
pairment,96,97 studies investigating pulmonary correlates 
(outside of MPT) were too few to conclude the impact of 
voice therapy on respiratory function. 

Voice quality, reflected in both acoustic and expert-rated 
auditory-perceptual ratings, improved across the studies that 
reported these measures. Aging is known to affect perceptual 
voice quality (reflected in increased strain and/or breathi
ness)10 as well as the integrity of the acoustic signal (in terms 
of increased perturbation measures and the ratio of noise to 
harmonics).98 As people with presbyphonia report anxiety 
and frustration around voice quality changes and the need to 
repeat themselves,2 voice quality improvement is a valid goal 
for presbyphonia voice therapy. Meta-analysis confirmed 
significant reductions to both jitter (0.62%) and shimmer 
(1.05%) for participants included in this review, two measures 
found to differ significantly between older adults with pres
byphonia versus younger people.98 Furthermore, auditory- 
perceptual outcomes demonstrated consistent improvement 
in listeners’ perceptions of voice quality following voice 
therapy for presbyphonia, meaning evidence for voice quality 
improvements was not confined to acoustic measures. Those 
studies that included assessment of laryngeal appearance and 
glottic function support that voice quality improvement may 
arise from improvements to laryngeal function (closure pat
tern, vibratory characteristics, reduced hyperfunction, in
creased muscle activation) rather than to changes in laryngeal 
structure (reduced vocal fold bowing). Although evidence is 
comparatively sparse, authors suggest that while voice 
therapy appears capable of altering respiratory coordination 
and laryngeal muscle activity, leading to improved function 
and neuromuscular adaptation,99 it is perhaps unable to alter 
the atrophic morphology of aged vocal fold mucosa.61,70 

Investigating heterogeneity was accomplished through 
subgroup sensitivity analysis wherever possible. Factors 
found to significantly contribute to heterogeneity were 
study design (RCT versus non-RCT), RTSS treatment 
group (Organ Functions versus Skills & Habits), treatment 
duration (< 12 weeks versus ≥12 weeks), and sex of the 
participants (predominantly male versus mixed). As men
tioned, the thresholds for duration, number of sessions, 
and sex composition were pragmatically selected by the 
reviewers as the most productive of adequately sized 
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subgroups for comparisons. Subgroup analysis in terms of 
actual home practice dose was not possible, as only one 
study reported on participant adherence to the prescribed 
therapy regimen. Analysis by treatment duration (as a 
proxy for home practice dose) and session number was 
difficult due to sparse descriptions of these elements, or the 
inclusion of multiple durations/session numbers due to 
retrospective study designs. Our subgroup analysis would 
best be interpreted as indicative, rather than conclusive, 
evidence for the reported factors. 

There is a risk to internal validity with nonrandomized 
or noncomparative studies. Subgroup analysis based on 
study design (therefore, quality) identified a significant 
difference between RCTs and non-RCTs only in terms of 
PROMs. The included RCTs reported more modest im
provements to VHI-10, VHI-30, and VRQoL than the 
studies with nonrandomized or noncomparative designs. 
This difference (SMD 0.57 versus 0.96) was significant but 
only of degree (medium versus large effect size) rather than 
direction of change. Subgroup analysis of study design did 
not identify systematic differences in reported outcomes in 
the remaining meta-analyses (MPT or jitter/shimmer). 

Subgroup analysis also identified that RTSS treatment 
group was associated with significant differences to MPT 
improvement. Interventions that used an Organ Functions 
approach reported significantly greater gains to MPT than 
those using a predominantly Skills & Habits approach 
(7.52 seconds vs 2.90 seconds). Organ Functions treatments 
aimed to improve vocal function by taxing or loading the 
phonatory or respiratory musculature: Kaneko et al em
ployed “vocal resistance therapy,” Inoue et al used high-in
tensity VFEs, Zhu et al used breath-holding and hard-onsets, 
Fujimaki et al used pulling forcefully while phonating, and 
Motohashi et al used breath-holding and pulling (see 
Supplemental Information for detail). Studies with Skills & 
Habits interventions all employed VFEs (and in the case of 
Kim et al. (2015), an additional Skills & Habits intervention, 
SKLCT). VFEs include as an ingredient a patient-specific 
amount of phonation related to vital capacity divided by 
80–100 ml/sec of airflow,100 which has some task similarity 
with MPT elicitation. Even though all the Skills & Habits 
treatments employed a sustained phonation ingredient, the 
Organ Functions studies (three of which did not include sus
tained phonation) appeared superior at improving MPT. This 
is even more remarkable considering Motohashiet al’s ap
proach not only did not employ an MPT ingredient, it did not 
involve phonation! Since MPT is affected by laryngeal and 
respiratory pathogenic factors thought to contribute to pres
byphonia, this result tentatively suggests that therapeutic 
approaches with an Organ Functions target, including a dose 
of resistance/maximal adduction in their ingredients, may 
address the physiological basis of presbyphonia better than 
approaches with a Skills & Habits focus. This might operate 
through improved respiratory function or improved laryngeal 
closure and valving, or both. 

Subgroup analysis also suggested that longer interven
tions were associated with greater improvements to reported 

vocal handicap (SMD 1.18 versus 0.74). The same was not 
true for interventions with more therapist input (P = 0.80). It 
is possible that longer interventions, rather than more 
therapy sessions, enabled more home practice and led to 
greater improvements in self-reported measures of vocal 
handicap. Despite the lack of substantial adherence data, 
two of the retrospective studies (Berg et al and Bick et al) 
reported a positive association between improvement and 
adherence to therapy. Inoue et al and Iwaki et al also re
ported a trend for continued improvement during longer 
periods of treatment for not only self-reported VHI but also 
MPT (despite our nonsignificant MPT duration subgroup 
analysis). The relationship between improvement in PROMs 
and adherence to home practice and therapy attendance is 
likely to be a complicated one, however, and there is also 
significant potential for placebo and self-bias in such mea
sures.59,91 There is also the possibility of an observer-ex
pectancy effect, whereby patients engaged in a long therapy 
process may be unintentionally influenced to report con
tinued gains. This was precisely what Iwaki et al, reporting 
in their 2017 study, concluded; despite most physiologically 
based metrics returning to pretherapy levels at 12 months 
posttherapy, all their subjects reported sustained improve
ment to VHI scores. 

Subgroup analysis also identified that studies with pre
dominantly male subjects (> 65%) reported larger im
provements in PROMs than studies with fewer males. On a 
per-study level, Kim et al found that males experienced 
greater improvements in measures of acoustic perturba
tions, and Mato et al found a near-significant (P = 0.06) 
association between improvement from therapy and being 
male. This tentative finding is not surprising when con
sidering the literature on aging, respiration, and the voice. 
Despite males experiencing greater age-related atrophic 
change to the vocal folds,8 greater loss of lung elasticity,101 

and a faster rate of respiratory muscle strength decline,102 

they retain larger raw respiratory values and greater 
strength. Females are 30% more likely than age-matched 
males to experience presbyphonia from presbylarynx and 
to present with shorter MPTs.24 All things being equal, 
males may tap into greater physiological reserve during 
therapy and experience marginally greater reduction in 
handicap from presbyphonia due to sex-based differences 
in physiology and aging. Males, due to their comparatively 
larger impairment, may also have more gains to make, 
whereas females may reach a ceiling effect more quickly. 

Study limitations 
Although our purposefully broad study design and lan
guage of publication inclusion criteria enabled wide access 
to reports of therapy in the literature, this and our use of 
exploratory metanalysis were also limitations. What was 
gained in breadth came at the cost of certainty and internal 
validity. Many of the included cohorts were also small, and 
nearly half of the studies were noncomparative in design. 
Subgroup analysis investigating participant demographic 
categories other than sex was not possible. Age was the 
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other well-reported demographic, but it was too homo
genous to stratify into useful comparative study subgroups. 
A handful of studies reported demographics, such as em
ployment status,72,76 comorbidities,73,74 and duration of 
illness,72,73 but these were too few to enable analysis ac
cording to these demographic categories. Another con
sequence of our broad inclusion criteria was that nearly 
one-third of the included papers were not written in the 
English language and were translated using machine 
translation. The results were consistent and comprehen
sible, but potentially the subtlety of detail was sacrificed in 
translation. 

Another limitation is that among the acoustic measures of 
voice quality identified in the included studies, only jitter and 
shimmer were reported by enough studies to synthesize in 
metanalysis. These time-based measures of perturbation are 
far less robust and poorly correlated to auditory-perceptual 
ratings of voice quality than newer metrics such as cepstral 
peak prominence (CPP).103 This is why CPP, rather than jitter 
or shimmer, has been recommended by an American Speech- 
Language-Hearing Association (ASHA) expert panel for in
strumental voice assessment.104 As mentioned, the funnel 
plots hinted at possible publication bias in these metrics for 
the included studies. Although, when considered together 
with auditory-perceptual outcomes, there remains a pattern 
of improvement to voice quality following speech-language 
pathologist–led voice therapy for presbyphonia, this requires 
confirmation when data using more robust metrics are 
available in sufficient number. 

CONCLUSIONS 
This systematic review sought to broadly evaluate the litera
ture on presbyphonia voice therapy. Outcomes included 
PROMs, aerodynamics, acoustics, laryngeal/glottic function, 
auditory-perceptual voice quality, and respiratory measures. 
Notwithstanding varying levels of quality, differing study 
designs, and the limitations mentioned above, meta-analysis 
and narrative synthesis demonstrated that speech-language 
pathologist–delivered behavioral interventions were successful 
at improving patient perceptions of handicap (PROMs), 
physiological function (MPT), and voice quality (acoustic 
perturbations and auditory-perceptual measures). Factors 
that appeared to affect voice outcomes were RTSS treatment 
group (Organ Functions  >  Skills & Habits), duration of input 

(greater than 12 weeks  >  less than 12 weeks), study design 
(RCT  <  non-RCT), and the sex composition of the cohort 
(predominantly male  >  mixed); however, these findings must 
be interpreted cautiously due to the methodological limita
tions of the studies and their small sample sizes. 

Although the present review is not the first to system
atically interrogate the literature on presbyphonia and its 
treatment, it is the first to focus exclusively on the effect of 
speech-language pathologist–led voice therapy and includes 
the largest body of studies on the topic. Furthermore, 
employing the RTSS as a framework to describe the in
cluded interventions enabled us to tease apart the question 
of how such therapy works and on what aspects of vocal 
functioning through subgroup analysis. To the authors’ 
knowledge, the present review is the first time the RTSS has 
been used in a systematic review of voice therapy; it proved 
quite useful in providing a rationale for combining ap
proaches with the same treatment group, uncovering 
otherwise possibly undetected differences in outcomes. 
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This study and its protocol are registered on PROSPERO 
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Appendix A    

MEDLINE Search Strategy  

1. Aging/ or aged/ or "aged, 80 and over"/ or frail elderly/ or middle aged/ or Retirement/ or atrophy/ or muscular atrophy/ or Age 
Factors/ 

2. larynx/ or glottis/ or laryngeal cartilages/ or laryngeal mucosa/ or laryngeal muscles/ or voice disorders/ or aphonia/ or dysphonia/ or 
hoarseness/ or Voice/ or Voice Quality/ or Vocal Cords/ or Phonation/ or Laryngeal Diseases/ 

3. (elderly or geriatric or senescent or age-related or "older adult" or "senior citizen" or "old age").tw. 
4. (dysphon* or "voice disord*" or voice or phonat* or hoarse*).tw.    
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MEDLINE Search Strategy  

5. (presbyphon* or presbylary* or "vocal fold atrophy" or "vocal fold bowing" or "bowed vocal fold*" or "ag* larynx" or “ag* voice” or 
“glott* insufficiency” or “glott* gap”).tw. 

6. speech therapy/ or voice training/ or Speech-Language Pathology/ 
7. (voice therap* or (speech adj1 therap*) or (speech adj1 path*) or voice train* or vocal* train* or (voice adj1 exercis*) or (vocal adj1 

exercis*)).tw. 
8. 1 and 2 
9. 3 and 4 
10. 1 and 4 
11. 2 and 3 
12. 5 or 8 
13. 5 or 9 
14. 5 or 10 
15. 5 or 11 
16. 6 or 7 
17. 12 and 16 
18. 13 and 16 
19. 14 and 16 
20. 15 and 16 
21. 17 or 18 or 19 or 20 

Embase/Emcare search strategy 

1. Aged/ or atrophy/ or aging/ or frail elderly/ or frailty/ or atrophy/ or muscle atrophy/ 
2. Phonation/ or voice/ or vocal cord/ or voice disorder/ or larynx/ or larynx disorder/ or larynx cartilage/ or larynx mucosa/ or larynx 

epithelium/ or voice analysis/ or glottis/ 
3. (elderly or geriatric or senescent or age-related or "older adult" or "senior citizen" or "old age").tw. 
4. (dysphon* or "voice disord*" or voice or phonat* or hoarse*).tw. 
5. (presbyphon* or presbylary* or "vocal fold atrophy" or "vocal fold bowing" or "bowed vocal fold*" or "ag* larynx" or “ag* voice” or 

“glott* insufficiency” or “glott* gap”).tw 
6. Voice training/ or speech therapy/ or speech rehabilitation/ 
7. (voice therap* or (speech adj1 therap*) or (speech adj1 path*) or voice train* or vocal* train* or (voice adj1 exercis*) or (vocal adj1 

exercis*)).tw. 
8. 1 and 2 
9. 3 and 4 
10. 1 and 4 
11. 2 and 3 
12. 5 or 8 
13. 5 or 9 
14. 5 or 10 
15. 5 or 11 
16. 6 or 7 
17. 12 and 16 
18. 13 and 16 
19. 14 and 16 
20. 15 and 16 
21. 17 or 18 or 19 or 20 

CINAHL search strategy 

1. (MH "Aged") OR (MH "Aged, 80 and Over") OR (MH "Health Services for Older Persons") OR (MH "Aging") OR (MH "Middle Age") OR 
(MH "Rehabilitation, Geriatric") OR (MH "Frail Elderly") OR (MH "Retirement") OR (MH "Atrophy") OR (MH "Muscular Atrophy") OR 
(MH "Age Factors") 

2. (MH "Larynx") OR (MH "Laryngeal Muscles") OR (MH "Laryngeal Mucosa") OR (MH "Glottis") OR (MH “Laryngeal Cartilages”) OR 
(MH "Voice") OR (MH "Voice Quality") OR (MH "Voice Disorders") OR (MH "Dysphonia, Muscle Tension") OR (MH "Aphonia") OR (MH 
"Phonation") OR (MH “Hoarseness”) OR (MH “Laryngeal Diseases”) OR (MH “Vocal Cords”) 

3. TI (elderly or geriatric or senescent or age-related or "older adult" or "senior citizen" or "old age") OR AB (elderly or geriatric or 
senescent or age-related or "older adult" or "senior citizen" or "old age") 

4. TI (dysphon* or "voice disord*" or voice or phonat* or hoarse*) OR AB (dysphon* or "voice disord*" or voice or phonat* or hoarse*) 
5. (MH “Presbyphonia”) 
6. TI (presbyphon* or presbylary* or "vocal fold atrophy" or "vocal fold bowing" or "bowed vocal fold*" or "ag* larynx" or “ag* voice” 

or “glott* insufficiency” or “glott* gap”) OR AB (presbyphon* or presbylary* or "vocal fold atrophy" or "vocal fold bowing" or 
"bowed vocal fold*" or "ag* larynx" or “ag* voice” or “glott* insufficiency” or “glott* gap”) 

7. (MH "Speech-Language Pathology") OR (MH "Rehabilitation, Speech and Language") OR (MH "Speech Therapy") OR (MH “Voice 
Therapy”) 

8. TI (voice therap* or (speech N1 therap*) or (speech N1 path*) or voice train* or vocal* train* or (voice N1 exercis*) or (vocal N1 
exercis*)) OR AB (voice therap* or (speech N1 therap*) or (speech N1 path*) or voice train* or vocal* train* or (voice N1 exercis*) or 
(vocal N1 exercis*))   
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MEDLINE Search Strategy  

9. 1 and 2 
10. 3 and 4 
11. 1 and 4 
12. 2 and 3 
13. 5 or 6 
14. 9 or 13 
15. 10 or 13 
16. 11 or 13 
17. 12 or 13 
18. 7 or 8 
19. 14 and 18 
20. 15 and 18 
21. 16 and 18 
22. 17 and 18 
23 19 or 20 or 21 or 22 
Google Scholar 
“presbyphonia OR presbylarynx OR presbylaryngeus OR presbylaryngis OR "vocal fold atrophy" OR "vocal fold bowing" OR "age related 

voice" OR “age related dysphonia” AND "voice therapy"”  

Appendix B1: Patient-Reported Outcome Measure Effect Sizes       

Study Interventions VHI-10 VRQoL Others   
VHI-30     

Belsky (2021) G1: PhoRTE + EMST ↓ 2.82  ↓AVI 2.08  
G2: PhoRTE ↓ 2.72  ↓AVI 2.76  

Berg (2008) G1: VFEs/RV  ↑ 0.88   
G2: No therapy  NS   

Bick (2021) G1: VFEs/AB/SOVTs  ↑* ↑***  
G2: No therapy     

Desjardins (2022) G1: VFEs NC  ↓GFI 0.45‡  
G2: VFEs + EMST NC    
G3: VFEs + IMST ↓ 1.41‡  ↓GFI 0.66‡     

↑CPIB 2.39‡  
Godoy (2019) G1: Intensive VTE  ↑ 1.15   

G2: Conventional VTE  ↑ 0.26   
Inoue (2013) High-load VFEs ↓ 0.99    
Iwaki (2017) VFEs ↓*    

Kaneko (2015) G1: VFEs/Resonant voice ↓ 1.60    
G2: No therapy NC    

Kaneko (2021) Vocal resistance training ↓ 0.98    
Kim (2015) G1: SKLCT NC    

G2: VFEs ↓ 0.48    
G3: No therapy     

Kondo (2022) WRT/VFEs ↓ 1.42    
Mato (2018) VFEs ↓ 0.43    

Motohashi (2022) Breath-holding + pulling ↓ 0.82    
Nambu (2019) VFEs/AB/SOVT/deconstriction ↓ 0.91    
Sauder (2010)† VFEs ↓ 0.73  ↓PPE 0.96  

Zhu (2018) Breath-holding + hard onset ↓ 0.87W    

Ziegler (2014)† G1: VFEs  ↑ 0.55   
G2: PhoRTE  ↑ 0.69 ↓PPE 0.85  
G3: No Therapy  NC  

† Alpha < 10. ‡ P not reported. *P  <  0.05,***P  <  0.001. 
Abbreviations: AVI, Aging Voice Index; CPIB, Communicative Participation Item Bank; GFI, Glottal Function Index; NC, no significant change; PPE, Perceived 
phonatory effort; W, Wilcoxon signed rank effect size.    
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Appendix B2: MPT and Aerodynamic Outcome Measure Effect Sizes        

Study Interventions MPT Flow Subglottic Pressure Glottal Resistance  

Belsky (2021) G1: PhoRTE + EMST  NC    
G2: PhoRTE  NC   

Bick (2021) G1: VFEs/AB/SOVTs ↑*** NC    
G2: No therapy     

Desjardins (2022) G1: VFEs  ↑ 0.43‡ ↑ 0.89‡   
G2: VFEs + EMST  NC NC   
G3: VFEs + IMST  ↓ 0.31‡ ↓ 0.70‡  

Fujimaki (2017) G1: Pulling-phonation ↑ 1.62     
G2: Vocal education NC    

Gorman (2008) VFEs ↑ 1.74 ↓CMF 0.21 ↑CMF 0.53  
Guzman (2018) G1: WRT  ↑** ↑*** ↑***  

G2: Open vowels (control)  NC NC NC 
Inoue (2013) High-load VFEs ↑ 0.98    
Iwaki (2017) VFEs ↑* ↓*   
Kaneko (2015) G1: VFEs/resonant voice ↑ 1.13 NC    

G2: No therapy NC NC   
Kaneko (2021) Vocal resistance training ↑1.05 NC ↑ 0.97  
Kim (2010) SKLCT ↑ ♂:0.43      

↑ ♀:0.99    
Kim (2015) G1: SKLCT ↑ 0.74 NC NC   

G2: VFEs NC NC NC   
G3: No therapy     

Kondo (2022) WRT/VFEs ↑ 0.47 NC   
Mato (2018) VFEs ↑ 0.52    
Motohashi (2022) Breath-holding + pulling ↑ 0.75 ↓ 0.48   
Nambu (2019) VFEs/AB/SOVT/deconstriction ↑ 0.34    
Sauder (2010)† VFEs NC    
Zhu (2018) Breath-holding + hard onset ↑ 1.61    

† Alpha < 10. ‡ P not reported. *P  <  0.05, **P  <  0.01, ***P  <  0.001. ♂: males. ♀: females. 
Abbreviations: CMF, comfortable loudness.    

Appendix B3: Acoustic Outcome Measure Effect Sizes            

Study Interventions Jitter Shimmer NHR 
CPP/ 
Cepstral SPL SPL Range 

Speaking 
F0 F0 Range  

Belsky (2021) G1: PhoRTE + EMST    NC NC     
G2: PhoRTE    NC NC    

Bick (2021) G1: VFEs/AB/SOVTs       ↑♀: **   
G2: No therapy         

Desjardins 
(2022) 

G1: VFEs  ↓APQ 1.36‡ ↓ 1.17‡ ↑CPPS 0.68‡ NC     

G2: VFEs + EMST  NC NC ↑CPPS 1.03‡ NC     
G3: VFEs + IMST  NC ↓ 0.87‡ ↑CPPS 0.68‡ NC    

Guzman (2018) G1: WRT     ↑***  NC   
G2: Open vowels (control)     NC  NC  

Inoue (2013) High-load VFEs ↓1.64 ↓1.12 ↓0.88     ↑1.23 
Iwaki (2017) VFEs NC NC NC     ↑** 
Kaneko (2015) G1: VFEs/resonant voice ↓0.58 NC   NC     

G2: No therapy NC NC   NC    
Kaneko (2021) Vocal resistance training ↓1.21 ↓1.10   ↑1.39    
Kim (2010) SKLCT ↓♂:0.80 ↓ ♂:0.74 NC    NC ↑ ♂:0.06    

↓ ♀:1.11      ↑ ♀:3.66 
Kim (2015) G1: SKLCT ↓0.94 ↓0.71 ↓0.56   ↑0.24 NC ↑0.78  

G2: VFEs ↓0.48 NC NC   ↑0.42 NC NC  
G3: No therapy         

Kondo (2022) WRT/VFEs ↓0.92 NC   NC    
Mato (2018) VFEs NC ↓0.60      NC 

Breath-holding + pulling ↓0.56 ↓0.32 NC    NC ↑0.40   
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Study Interventions Jitter Shimmer NHR 
CPP/ 
Cepstral SPL SPL Range 

Speaking 
F0 F0 Range  

Motohashi 
(2022) 

Nambu (2019) VFEs/AB/SOVT/decon
striction 

NC ↓0.74 ↓0.51      

Sauder (2010) † VFEs NC NC NC    NC  
Zhu (2018) Breath-holding + hard onset ↓0.54 ↓3.34 ↑NNE2.28    ↑0.45  

†Alpha < 10. ‡P not reported. **P  <  0.01, ***P  <  0.001. 
APQ, amplitude perturbation quotient; CPSS, smoothed cepstral peak prominence in reading; NC, no change.    

Appendix B4: Expert-Rated Perceptual Voice Outcomes            

Study Interventions 
Overall 
Severity/Grade 

GRBAS 
Total Roughness Breathiness Asthenia Strain Instability Loudness  

Bick (2021) G1: VFEs/AB/SOVTs  ↓***        
G2: No therapy         

Desjardins 
(2022) 

G1: VFEs NC         

G2: VFEs + EMST NC         
G3: VFEs + IMST ↓ 0.89‡        

Godoy 
(2019) 

G1: Intensive VTE ↓***  SV↓** ↓*** NC NC ↓*** SV↑***  

G2: Conventional VTE         
Iwaki (2017) VFEs ↓*       CS↑* 
Kaneko 

(2015) 
G1: VFEs/resonant 
voice  

↓1.64        

G2: No therapy  NC       
Kim (2015) G1: SKLCT ↓1.23  ↓0.83 ↓0.83 NC NC    

G2: VFEs ↓1.16  NC NC NC NC    
G3: No therapy         

Kondo 
(2022) 

WRT/VFEs ↓0.88 ↓2.39 ↓1.16 ↓1.09 ↓* ↓0.58   

Mato (2018) VFEs ↓0.78        
Nambu 

(2019) 
VFEs/AB/SOVT/decon
striction 

↓*  ↓* ↓* ↓* NC   

Santos 
(2014) 

G1: WRT ↓*  ↓** NC ↓* ↓** ↓**   

G2: Vocal education NC  NC NC NC NC NC  
Sauder 

(2010) † 
VFEs NC   CS↓0.67  CS↓ 

0.36   
Zhu (2018) Breath-holding + hard 

onset 
↓3.73W  ↓0.89W ↓0.91W ↓0.90W    

†Alpha < 10. ‡P not reported. 
*P  <  0.05, **P  <  0.01, ***P  <  0.001. 
CS, connected speech; NC, no change; SV, sustained vowel; W, Wilcoxon signed rank effect sixe.    

Appendix B5: Glottal Characteristics/Laryngeal Function          

Study Interventions 
CQ, Closed 
Phase 

Glottic Gap 
(NGG, etc) Bowing Hyperfunction 

Laryngeal 
EMG 

Vibratory 
Characteristics  

Desjardins 
(2022) ‡ 

G1: VFEs   ↓1.00‡ ↓‡    

G2: VFEs + EMST   ↓ 1.01‡ NC    
G3: VFEs + IMST   NC ↓‡   

Godoy (2019) G1: Intensive VTE  NC ↓* NC  NC   
NC NC NC  NC   
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Study Interventions 
CQ, Closed 
Phase 

Glottic Gap 
(NGG, etc) Bowing Hyperfunction 

Laryngeal 
EMG 

Vibratory 
Characteristics  

G2: 
Conventional VTE 

Gorman (2008) VFEs  CMF ↓ 0.56     
Guzman (2018) G1: WRT ↑***       

G2: Open vowels 
(control) 

NC      

Kaneko (2015) G1: VFEs/resonant 
voice  

↓ 0.94 NC   a ↑ 1.72  

G2: No therapy  NC NC   NC 
Kaneko (2021) Vocal resistance 

training   
NC  ↑1.69 a ↑1.26 

Kim (2010) SKLCT  ↓  ↓   
Kim (2015) G1: SKLCT  ↓*  ↓*  abc ↑*  

G2: VFEs  ↓*  NC  NC  
G3: No therapy       

Mato (2018) VFEs  ↓0.78     
Sauder (2010) VFEs NC NC  NC   

‡P not reported. *P  <  0.05. 
CMF, comfortable loudness; NC, no change. Vibratory factors: a) mucosal wave amplitude, b) symmetry, c) regularity.    

Appendix B6: Respiratory Outcome Measure Effect Sizes       

Study Interventions MIP MEP Pulmonary Function  

Belsky (2021) G1: PhoRTE + EMST  ↑ 3.44   
G2: PhoRTE  NC  

Desjardins (2022) G1: VFEs ↑ 0.93‡ ↑ 0.47‡ NC  
G2: VFEs + EMST NC ↑ 0.77‡ NC  
G3: VFEs + IMST ↑ 0.25‡ ↑ 0.17‡ NC 

Iwaki (2017) VFEs   NC 
Santos (2014) G1: WRT   ↑VC 1.38  

G2: Vocal education   ↓VC 0.38 

‡P not reported. 
EMST/IMST, expiratory muscle strength training/inspiratory muscle strength training; NC, no change; PhoRTE, phonation resistance training exercises; VFEs, 
vocal function exercises; VC, vital capacity; WRT, water resistance therapy.    

Appendix C1: Funnel Plot for PROMs Meta-analysis 

. 
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Appendix C2: Funnel Plot for MPT Meta-analysis 

. 

Appendix C3: Funnel Plot for Jitter Meta-analysis 

. 

Appendix C4: Funnel Plot for Shimmer Meta-analysis 

. 
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Appendix A. Supporting information 
Supplementary data associated with this article can be found  
in the online version at doi:10.1016/j.jvoice.2023.12.010.  
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