Effects of Vocal Function Exercises:

A Systematic Review

Vrushali Angadi, Daniel Croake, and Joseph Stemple, Lexington, Kentucky

Summary: Objectives. The purpose of the present review was to systematically analyze the evidence for the ef-
fectiveness of vocal function exercises (VFEs) in improving voice production.

Methods. A systematic literature search was performed by two independent reviewers using PubMed and EBSCOHost
to access relevant databases and to locate outcome studies that used VFEs as an intervention. Articles that met inclu-
sion criteria were appraised based on the American Speech-Language and Hearing Association’s levels of evidence.
Effect sizes for outcomes were calculated using Hedge’s g. Voice outcomes were categorized according to the five domains
of voice assessment: visual perceptual analysis, acoustic analysis, aerodynamic analysis, auditory-perceptual analysis,
and patient self-report measures.

Results. Twenty-one articles were included for the final appraisal. All studies demonstrated positive effects of VFEs
as demonstrated by effect sizes across selected voice parameters. Effect sizes across parameters ranged from —0.59 to
1.55. None of the included studies reported adverse voice outcomes as a result of VFEs.

Conclusions. Outcome studies demonstrate that VFEs are efficacious in enhancing vocal function in individuals with
normal and disordered voices, presbylaryngeus, and professional voice users. The available research suggests moder-

ate to strong evidence to support the use of VFEs for a variety of voice disorders.
Key Words: Vocal function exercises—Systematic review—Effect sizes—PICO-Voice therapy.

INTRODUCTION

The number of peer-reviewed studies using vocal function ex-
ercises (VFEs) as a primary treatment for voice disorders has
significantly increased over the past few years. VFEs were de-
veloped as a physiologic approach for treating voice disorders
via direct manipulation of the underlying anatomy and physi-
ology important for healthy voice production. Clinically, these
exercises are thought to promote a relative physiologic balance
among the subsystem triad of respiration, phonation, and reso-
nance by strengthening the intrinsic laryngeal and auxiliary
musculature, and also by enhancing vocal tract resonance
characteristics.' To date, 27 peer-reviewed papers have demon-
strated outcomes using the VFE program.”* Data suggest that
VFEs improve or remediate voice problems in both young and
agil’lg adults,z,s.fy,&().IZ,13.15—17,19.22—24,26—28 enhance normal VOiCC
production,™'® provide preventative protection to persons with
high-dose vocal demands,'"* and enhance vocal function in
graduate-level operatic singers.”*!

As with any medical treatment, it is important to critically ap-
praise the available evidence to make informed decisions about
patient care. Sackett et al” defined evidence-based practice as
“the conscientious, explicit, and judicious use of current best ev-
idence in making decisions about the care of individual patients
[by] integrating individual clinical expertise with the best avail-
able external clinical evidence from systematic research.” Evidence
for voice therapy in general has been systematically reviewed;
however, it was concluded that direct comparisons across voice
therapy types made attempts to interpret and generalize the
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information difficult. A solution to this problem would be to isolate
and analyze the evidence for one particular voice therapy
method.* Because a relatively large number of studies have used
VFEs as a primary intervention, a comprehensive systematic
review is warranted to determine the current state of evidence
for this particular therapy program, and to provide information
to clinicians on appropriate use of VFEs with their patients. The
purpose of this paper was to determine the current state of ev-
idence for the VFE program for the treatment of voice disorders
and to determine their effectiveness as measured by one or more
of the five domains of voice assessment encompassing audio-
perceptual, client perceived, acoustic, aerodynamic, and laryngeal
imaging techniques.

Epidemiology

The prevalence of voice disorders in the United States is 29%."'
This number is markedly increased for professional voice users,
reaching nearly 50%.7 Voice disorders have been shown to
affect social, psychological, emotional, physical, and function-
al aspects of communication and health®® as well as job
satisfaction, performance, and attendance.™ > A study pub-
lished in 2001 stated that the societal cost of voice problems for
teachers alone was roughly 2.5 billion dollars (3.48 billion when
adjusted for inflation in 2016) in health care and absentee com-
pensation annually.”® Voice disorder claims account for about
$3400 in disability payments and as many as 40 lost workdays
per claim.”” These losses are comparable with other chronic health
conditions such as heart disease, asthma, and depression.’” Voice
impairments are critical functional limitations in the current com-
munication age and are a significant public health concern.

Physiologic voice therapy

Physiologic voice therapy is a holistic approach to remediate voice
disorders by directly manipulating the underlying physical com-
ponents of voice production.*® This is in contrast to hygienic
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therapy that seeks to reduce phonotraumatic behaviors and in-
crease systemic hydration, and symptomatic voice therapy that
is based on the modification of observed vocal symptoms.

Physiologic voice therapy currently has the strongest evi-
dence base. A review by Thomas and Stemple found that
physiologic approaches to voice therapy were superior to both
symptomatic and vocal hygiene therapies when used as stand-
alone approaches.” VFEs in particular were developed to
simultaneously target the disrupted physiologic components in
the vocalization subsystems of respiration, phonation, and res-
onance to restore their physiologic balance.'®

Determining the evidence for voice therapy in general has
proven difficult because of the multidimensional nature of voice
production, the broad scope of therapeutic approaches, differ-
ences in outcomes measures, differences in instrumentation, and
due to heterogeneous populations and types of disorders. To
strengthen the ability to generalize results, we have limited the
scope of this review to only VFEs because it is delivered in a
systematic and universal manner.

The five domains of voice assessment

Because voice production is the product of the interactions of
respiration, phonation, and resonance, it is a multidimensional
event and may be measured qualitatively and quantitatively by
various means. The five common domains of voice assessment
are patient perceived self-rating scales, auditory-perceptual scales,
acoustic, aerodynamic, and visual perceptual assessments. Hirano®
stated, “Voice is multidimensional in nature, so we need a set
of tests to evaluate function in its entirety.” This has been reit-
erated by Titze (Titze, 1991 in Bless and Hicks*') who stated,
“Diagnostic hypotheses should not be made on basis of one test
or measure because one cannot look at an isolated phenome-
non without running the risk of misinterpreting the results”.*!
Multidimensional assessment of voice helps overcome the limi-
tations of any one assessment type.”*!

Meaningful voice assessments are predicated by their valid-
ity and reliability and should have precedence in the literature
with a strong evidence base in and of themselves. To strength-
en interpretation of our findings, we have calculated effect sizes
for measures that were common across studies where avail-
able. A thorough review of these assessment measures is beyond
the scope of this paper; however, it is prudent to provide a brief
summary of the validity and reliability of some common mea-
sures used to strengthen the interpretation of our findings.

Auditory perceptual measures

Consensus Auditory Perceptual Evaluation of Voice
The Consensus Auditory Perceptual Evaluation of Voice (CAPE-
V) was developed in 2002 at the American Speech-Language
and Hearing Association consensus meeting.** This tool was de-
veloped to describe the severity of auditory-perceptual attributes
of a voice problem in a way that can be communicated among
clinicians, and to contribute to hypotheses regarding the ana-
tomic and physiological bases of voice problems and to evaluate
the need for additional testing. This evaluation has demon-
strated criterion validity and both intra- and inter-rater
reliability.*#

GRBAS scale

The GRBAS scale® was developed to rate vocal quality within
five perceptual categories: overall grade (G), roughness (R),
breathiness (B), asthenia (A), and strain (S). Validity and relia-
bility data have been established in multiple studies (eg, references
44,46-49).

Patient-perceived rating scales

Voice Handicap Index

The Voice Handicap Index (VHI), developed by Jacobson et al,*
is a 30-item questionnaire designed to assess the patient-
perceived impact of a voice disorder in three domains: physical,
emotional, and social. Validity and reliability of this tool are re-
ported in the study of Jacobson et al.

Voice-Related Quality of Life

The Voice-Related Quality of Life (V-RQOL)’' is a 10-item ques-
tionnaire that also probes patient perceived difficulty with their
voice in physical and socio-emotional domains. Validity and re-
liability of this instrument have been established (eg, references
51,52).

Acoustic measures

Because there are many acoustic measures available, we will
review three common measures used across studies included in
this review. Each measure provides change scores demonstrat-
ing post-therapeutic voice changes.

Jitter and shimmer

Jitter is the short-term cycle-to-cycle variation in frequency in
a voice sample, whereas shimmer is the short-term cycle-to-
cycle variation in amplitude. Both of these measures have failed
to demonstrate strong test-retest reliability because of differ-
ences in extraction methods across systems and because highly
dysphonic voice signals decrease the reliability of these
measures.”** Validity of these measures has been demon-
strated by attempting to correlate these measures with perceptually
rated measures of voice quality.**>

Harmonic-to-noise ratio

Harmonic-to-noise ratio (HNR) is based on the premise that vocal
production consists of a strong harmonic component with a
smaller degree of aperiodic noise.” Voices that carry a stron-
ger harmonic component compared with the noise component
should yield better voice quality. Validity and reliability data for
this measure have been determined and have been demon-
strated to be more robust than jitter and shimmer (eg, references
57-59).

Aerodynamic measures

Aerodynamic measures track the pressures and flows in the larynx
that occur during voicing. Because the vocal folds act as a valve,
pressure is created under the closed glottis and airflow is re-
leased through the vibrating folds. Aerodynamic measures are
thus able to provide indirect information about the respiratory
and laryngeal systems.® Validity and reliability for acrodynamic
measures is common in the literature (eg, references 61-64).
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Subglottic pressure

Estimated subglottic pressure is taken from a pressure-sensing
tube placed in the mouth during production of a pressure con-
sonant, typically /p/. Because the pressure in the lungs rapidly
is transmitted to the lips, a useful estimate of the subglottic pres-
sure can be obtained.”” Subglottic pressure has established criterion
validity compared with tracheal puncture, and direct measures
of subglottic pressure and indirect estimated subglottic pres-
sure at the lips have been demonstrated to have comparable
results.®>3%

Mean airflow rate

The mean airflow rate during voicing refers to the average rate
of airflow in liters per second during a given production.®” This
measure is commonly taken using an anesthesia-type mask placed
over the nose and mouth so that oral airflow during vowel pro-
duction is passed through a pneumotachometer, which senses
pressure changes and mathematically converts these into airflow
rates.

Visual perceptual measures

Laryngeal videostroboscopy and high-speed digital
imaging

These imaging tools are commonly used methods to view vocal
fold vibration. These tools permit direct visualization of the vi-
brating vocal folds, allowing detailed assessment of laryngeal
structure and function.”” Because of the large number of vocal
fold vibration parameters and somewhat subjective nature of in-
terpreting visual examinations, these measures do hold some
reliability concerns. Some of these concerns are examiner bias,
clinician training, and lack of standardization in rating param-
eters. Quantification of imaging parameters has not gained
universal acceptance clinically because of its cumbersome
nature.®® There are, however, many rating scales that may be
used to guide interpretation of imaging parameters.®’’*”’> There
are some reliability data in interpretation of imaging param-
eters, which supports its use. Intrajudge reliability for overall
ratings has been demonstrated to range from 73% to 100%, and
interjudge reliability was also demonstrated to be strong. More
detailed information can be found in the literature (eg, refer-
ences 70-72).

METHODS

An electronic database search was carried out using PubMed and
EBSCOHost. The search was performed between December 1,
2015 and June 1, 2017. The inclusion criteria consisted of papers
in English that were related to any type of voice rehabilitation
program that employed VFEs in human subjects. There were no
limits set on the time period for the literature search. Papers in
other languages and those without peer-review evaluations, ab-
stracts, or incomplete texts were excluded. Search terms used
included vocal function exercises, voice therapy, voice manage-
ment, voice treatment, voice rehabilitation, and voice disorders.
There were no restrictions set on types of study designs included.
Two reviewers, the first and second author, assessed each ab-
stract for potential inclusion and reached a consensus for the final
articles to be included in the review.

Eligibility

Peer-reviewed studies that fulfilled specific PICO (Patient, In-
tervention, Comparison, Outcomes) requirements were included
in the review. Specific PICO requirements are listed as follows:

Patient/Population: Non—treatment-seeking subjects with normal
voice and no identifiable vocal fold pathology, professional voice
users, treatment-seeking patient populations, all age groups
included

Intervention: Vocal function exercises (VFEs)

Comparison: Voice therapy interventions other than VFEs
Outcomes: Physiologic voice parameters (acoustics and aero-
dynamics), V-RQOL, auditory-perceptual voice characteristics,
laryngeal imaging findings

Limits used: Studies published in English, human subject studies
Search string: Search string details are included in Table 1
Appraisal: STROBE (Strengthening the reporting of observa-
tional studies in epidemiology)” checklist items were utilized
to appraise study rigor. STROBE checklists were chosen as they
include appraisal information for varying study designs. PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines were utilized to guide the reporting of the
present systematic review.

RESULTS AND DISCUSSION

The search strategy yielded 83 hits across all databases. Of these,
56 articles were rejected after the specific inclusion criteria of
VFEs being an intervention method was applied. Of the 27 ar-
ticles left, one article was excluded as it focused on the utilization
of VFEs for the sole purpose of pitch modification in the
transgender population.* As the study did not focus on enhance-
ment of voice parameters, the study was excluded. Two single
case studies by Radhakrishnan et al'“** were excluded because
the authors used a modified VFE protocol and not the conven-
tional VFE protocol. Case studies by Kumar et al were excluded
because VFEs were not implemented as a primary treatment.
VFEs were administered in conjunction with Lessac-Madsen Res-
onant Voice Therapy and specifics of the therapy protocol were
not described in the article.”” The last study to be excluded was
an original research study by Sayles. However, this was a Ma-
ster’s thesis available online and not a peer-reviewed paper.’
Sayles investigated the efficacy of VFEs on aerodynamic pa-
rameters in children receiving voice lessons. Based on inclusion
or exclusion criteria, 21 studies were included in the final review
(Figure 1).

Evidence levels for included studies

The levels of evidence for each of the 21 studies included in the
review were appraised using the standards set by the American
Speech-Language and Hearing Association.” The levels of ev-
idence for each study are listed in Table 2. The majority of the
studies included were level I studies, followed by levels III and
II. Study designs that were well-designed randomized clinical
trials were classified as level Ib studies. Well-designed
nonrandomized studies that included control groups were clas-
sified as level Ila. Participant numbers ranged from a minimum
of 1'*'7 to a maximum of 134 participants.”® The ages of
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TABLE 1.

Free Text Words or Search Terms and MeSH String (PubMed)

Literature
Database

Type of Search
Terms

Search Terms

Number of
Abstracts

Limits Identified

Free text words PubMed

(vocal function exercises) AND (voice therapy)

Humans 83

AND (voice treatment) AND (voice
rehabilitation) AND (voice disorders)

MeSH or
thesaurus
terms

PubMed search
details

Search details: (vocal[All Fields] AND
(“physiology”[Subheading] OR “physiology”[All
Fields] OR “function”[All Fields] OR

“physiology”[MeSH Terms] OR “function”[All
Fields]) AND (“exercise”[MeSH Terms] OR
“exercise”[All Fields] OR “exercises”[All Fields]
OR “exercise therapy”[MeSH Terms] OR
(“exercise”[All Fields] AND “therapy”[All
Fields]) OR “exercise therapy”[All Fields])) AND
((“voice”[MeSH Terms] OR “voice”[All Fields])
AND (“therapy”[Subheading] OR “therapy”[All
Fields] OR “therapeutics”[MeSH Terms] OR
“therapeutics”[All Fields])) AND ((“voice”[MeSH
Terms] OR “voice”[All Fields]) AND
(“therapy”[Subheading] OR “therapy”[All
Fields] OR “treatment”[All Fields] OR
“therapeutics”[MeSH Terms] OR
“therapeutics”[All Fields])) AND ((“voice”[MeSH
Terms] OR “voice”[All Fields]) AND
(“rehabilitation”[Subheading] OR
“rehabilitation”[All Fields] OR
“rehabilitation”[MeSH Terms])) AND (“voice
disorders”[MeSH Terms] OR (“voice”[All Fields]
AND “disorders”[All Fields]) OR “voice
disorders”[All Fields])

Free text words EBSCOhost

(voice disorders)

participants across studies ranged from 22 to 90 years. Studies
focused on varying populations, including non—treatment-
seeking subjects under the age of 60 years with normal voice,*'**'
the aging population (ages over 60),2%16:1922 gchool
teachers,'*'"'32 singers,”*' and professional voice users."

At least one group of participants across all studies received
VFEs. Comparison therapy methods included vocal hygiene (VH),
flow resistant tube exercises (FRT), vocal amplification (VA),
phonation resistance training exercise (PhoRTE), control (no treat-
ment), and a partial VFE program. Patients received therapy across
a range of periods ranging from 1 day to 12 weeks of direct
contact sessions. The longest duration of voice therapy was 3
months;*'” however, the specific direct therapy contact time was
not specified. On average, participants attended 4-6 weeks of
voice therapy involving VFEs. Voice outcomes included fell into
at least one of the five domains of voice assessment described
earlier. Effect sizes were calculated across common voice
outcomes over two or more studies. Effect sizes were calcu-
lated using Hedge’s g correction, which is a less biased effect-
size calculation that is more useful for smaller sample sizes. Effect
sizes are listed in Table 3. Figure 2 contains a Forest plot with

(vocal function exercises) OR (voice therapy) OR
(voice treatment) OR (voice rehabilitation) AND

English, 28
abstracts
available

effect sizes classified by outcomes. The Forest plot contains effect
sizes for the most commonly used measures across studies.

Patient self-report measures

Six studies included in the review utilized the VHL®*'*'%% four
studies utilized the V-RQOL questionnaire,”*'*** one study uti-
lized the Voice Activity Participation Profile (VAPP),” one study
utilized the Voice Symptom Scale (VoiSS),” and three studies
utilized nonstandardized scales to assess self-perception related
to severity of one’s voice problem'®!** and the participants’ per-
ceptions on effectiveness of the VFE program in improving their
voice quality. Improvement in voice-related self-report mea-
sures was reported across all participant groups that performed
VFEs. A worsening of voice-related self-report measures was
not reported across any study.

On further evaluation of the included studies, Berg et al,’
Kaneko et al,® Gillivan-Murphy et al,’ and Roy et al'® showed
a statistically significant improvement in self-report measures
compared with no treatment groups. Studies by Berg et al and
Kaneko et al were both retrospective case-control studies and
included participants over the age of 60 years.*® Participants in
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FIGURE 1. Flowchart for inclusion or exclusion of articles.

the prospective randomized trial by Roy et al® were school-
teachers and the study included a vocal hygiene group in addition
to a no treatment group. Gillivan-Murphy et al,” who also per-
formed a prospective randomized clinical trial, reported a greater
improvement in V-RQOL scores in the VFE+ hygiene group com-
pared with a no treatment group; however, these changes were
not statistically significant. The study of Gillivan-Murphy et al,
however, did show a greater statistically significant improve-
ment in VoiSS scores compared with the no treatment group.

Comparison voice therapy methods were used by Pedrosa et al
(comprehensive voice rehabilitation program)," Roy et al (vocal
hygiene, no treatment),'> Kapsner-Smith et al (flow resistant
tubes),” Nguyen and Kenny (partial VFE program),'* Teixeira
et al (VA),” and Ziegler et al (phonation resistance training).*
Participants across all of these studies were recruited prospec-
tively and therapeutic group assignment was randomized, elevating
the level of evidence for this group of studies. The study results
from Roy et al'® and Teixeira and Behlau®™ showed statistically
significant improvement in self-report measures. Significant dif-
ferences in self-report scores were not noted in results reported
by Pedrosa, Nguyen, Ziegler and Kapsner-Smith*'*'*** Pedrosa,
Ziegler, and Kapsner-Smith®'*** utilized standardized tools for
patient self-report, whereas the study by Nguyen and Kenny'”
used a nonstandardized self-report scale. Results from Teixeira
and Behlau® showed an improvement in self-report measures
across all domains in the VFE group compared with the VA group.
The VA group showed an improvement in scores in some domains
of the VAPP; however, it did not show an improvement in daily
and social communication scores.*

Effect sizes (Table 3) for patient self-report measures on the
VHI and V-RQOL ranged from —1.35 to —0.42 for the V-RQOL
and 0.54 to 0.89 for the VHI. The smallest effect was seen in
the study by Pedrosa et al'* at —0.42 (medium effect) and the
largest effect was seen in the study by Gillivan-Murphy et al’
at 0.89.

Auditory-perceptual voice measures

Of the 20 studies included, 5 studies utilized auditory-perceptual
analysis as part of the voice assessment protocol.**'*** Kapsner-
Smith et al,” Patel et al,'”> and Teixeira and Behlau® utilized the
CAPE-V.* Kaneko et al® and Jafari et al*® utilized the GRBAS
scale to perform a perceptual analysis of voice. Both the
CAPE-V* and GRBAS® are validated tools for perceptual as-
sessment of voice. It is not clear whether the tools used by Pedrosa
et al for perceptual analysis were validated."® Perceptual anal-
yses across all studies were performed by experienced blinded
listeners who were experts in the field of voice disorders. A sta-
tistically significant improvement was noted in perceptual
characteristics of voice across all studies®*'**** except Pedrosa
et al."”® A worsening of voice quality was not reported in any of
the studies included in the review. In the study by Kapsner-
Smith et al,” a significant reduction of roughness was noted in
the FRT group compared with the VFE group. In the study by
Texeira and Behlau,” a significant reduction in overall severity
of dysphonia was noted in the VFE group compared with the
control group and VA group.

Acoustic analysis

Eight studies utilized acoustic analysis as part of their voice as-
sessment battery.*”!%'>2 Commonly used measures included
jitter,*'*122% shimmer,*'*'>?° noise to harmonics ratio,*'*'*** and
maximum phonation frequency range.*''?' Lesser utilized mea-
sures such as long-term average spectrum measures were used
in a study by Guzman et al.” Improvement in acoustic param-
eters was noted in all studies except for one. The study by Patel
et al,'” which was a case study, showed normal acoustic param-
eters before and after VFEs. The study participant had a contact
granuloma and not a vocal fold cover pathology which would
explain the obtained normative values on the pre- and post-
therapy assessment. Study findings from Kaneko et al,® Tay et al,
Texeira et al,”** and Nguyen and Kenny,'"® showed an improve-
ment in perturbation and noise to harmonics parameters as a result
of VFEs application. Findings from Ellis and Beltyukova® showed
an improvement in maximum phonation frequency range in the
monitored VFE group. However, Pasa et al'' and Wrycza Sabol
et al*' did not show any differences in frequency range across
the three comparison groups, one of which was VFEs. Two studies
calculated noise in the voice signal. One study calculated har-
monics to noise,'” whereas the other study calculated noise to
harmonics® precluding direct comparison.

The effect sizes (Table 3) for jitter percentage ranged from
small to medium. The smallest effect size (0.05) was seen in the
study by Sauder et al,'® and the largest effect was seen in the
study by Kaneko et al® at —0.74. Effect sizes for Shimmer ranged
from small to medium. The smallest effect size was seen in the



TABLE 2.
Levels of Evidencet
Study Comparison Power

Author Design and Group/ Level of Analysis Treatment Adherence Outcome SDs, Means, and

and Year Population Treatment Evidence Included Duration Monitored Measures P-Values

Berg et al, 2008 Case-control study 1l Patient self- Controls: Pre-V-RQOL: 68
n =25, Historical No Control: Mean No report: V-RQOL (18.5), Post-V-RQOL: 69 (23.6)
Patients > 60 y of controls, no duration: Control group (CG), mean
age were chosen. treatment 3.3 mo, Cases: improvement score: 0.42,
Age range: 62— Mean P=0.96
83y duration: Cases: Pre-V-RQOL: 58 (24.1),

5.1 mo Post-V-RQOL: 77 (18.9)

Cases (VFE) = 19, Cases, mean improvement
control = 6 score: 19.21, P< 0.001*

Ellis et al, 2011 Quasi- Unmonitored Ilb No 28d Yes, for the Aerodynamic Intervention was the same. One
experimental VFE groups (approximately monitored measures: was monitored, one was not.
design, n = 20. 4 wk) group only Maximum (1) Monitored-MPT (pre): 21.85
Mean age of phonation time (5.8), post: 36.26 (8.6) ,
participants = 22 Acoustic P=0.014*
years, Group: measures: MPFR (pre) 652.1 (188.8), post:
monitored VFE Maximum 834.5 (192.7), P=0.004*
group. phonational PQ (pre) 160.7 (79.5), post: 92.9
Unmonitored =10, frequency (27.63), P=0.226
monitored =10 range (2) Unmonitored-MPT (pre):

Phonation 20.15 (5.84), post:
quotient 26.35(6.85), P = MPFR (pre)

632.89(192.7), post: 680.74
(171.32) PQ (pre) 170.16
(32.9), post: 129 (26.94)

(Continued)
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TABLE 2.
(Continued)
Study Comparison Power

Author Design and Group/ Level of Analysis Treatment Adherence Outcome SDs, Means, and

and Year Population Treatment Evidence Included Duration Monitored Measures P-Values

Gillivan- Quasi- Vocal hygiene Ilb No 6 wk No Patient self- (1) Control: V-RQOL—social

Murphy experimental report (pre): 67 (27), post:

et al, 2006 design. Study measures: 76.1(20.3), mean change: 9.1
performed with V-RQOL (13.8),p = 0.057
teachers. n = 20. Voice care V-RQOL—physical: pre 51.5
Mean age of 38 knowledge (23.7), post: 56.4 (24.7),
years. scale: Voice mean change 4.9 (13),
Control = 11, questionnaire P=0.241
Treatment developed for V-RQOL—total: pre: 57.7 (22.7),
(VFE) =9 the study post: 64.3 (21.6), mean

change: 6.6 (10.4), P=0.065

(2) Treatment: V-RQOL—social:
pre:78.5 (23.6), post: 94.4
(5.8), change 16.0 (19.8),
P=0.046*

V-RQOL—pre:69.0 (16.7), post:
84.3 (8.5), change 15.3
(15.3), P=0.020*

V-RQOL—total: pre: 72.8 (18.9),
post: 88.3 (6.3), change 15.6
(15.8), P=0.021*

(3) Control: VoiSS: impairment:
pre: 33.1 (9.6), post: 31.5
(11.7), change: 1.5, P=0.31

VoiSS Emotional: pre: 6.4 (4.6),
post: 6.9 (5.7), change: 20.5,
P=0.631

VoiSS Physical: pre:11.4 (4.4),
post: 9.8 (4.0), change: 1.5,
P = 0.094 Total: pre: 50.8
(15.7), post: 48.3 (18.5),
change: 2.5, P=0.334

(4) Yes treatment: VoiSS:
Impairment: pre: 23.9 (9.1),
post: 14.8 (6.8), change:9.1,
p = 0.007*

VoiSS Emotional: pre: 4.4 (5.1),
post: 1.7 (3.0), change: 2.8,
P =0.035*%

VoiSS Physical: pre: 8.1 (3.0),
post: 5.3 (3.3), change: 2.5,
P =0.09 Total: pre: 36.6
(15.5), post: 21.8 (10.6),
change: 13.8, P=0.027

(Continued)
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TABLE 2.
(Continued)
Study Comparison Power
Author Design and Group/ Level of Analysis Treatment Adherence Outcome SDs, Means, and
and Year Population Treatment Evidence Included Duration Monitored Measures P-Values
Gorman et al, Cohort study No comparison 1 No 12 wk No Aerodynamic (1) Pre-MPT: Mean —22.02
2008 without CG. Study group measure: (6.86), Post-MPT: 37.22
performed with Maximum (9.95), P<0.001*
the aging phonation time
population. 19
participants. Age
range = 60-78
years. N = 19
Guzman et al, Quasi- CG: Traditional 1 No VFE duration: Yes Acoustic (1) CG alpha ratio (median and
2012 experimental singing warm 15 min. measure: Long- 1QR)
design. n = 38. up exercises Traditional term average Pretreatment = -20.19 (2.94),
Mean age: 34 y. singing warm- spectrum Post-treatment: —18.18
Pop singers. up (alpha ratio, (2.97), P=0.0096*
Experimental duration = 15 min L1:Lo ratio, L1:LO ratio (median and IQR)
(VFE) = 20, singing power Pretreatment = —-0.38 (5.6),
Control = 18 ratio [SPR]) Post-treatment: 0.5 (3.51),

P=0.39

SPR (median and IQR)

Pretreatment: —15.15 (1.91),
Post-treatment: —11.21 (4.13)

2) VFE group alpha ratio
(median and IQR)

Pretreatment = -20.64 (2.27),
Post-treatment: —19.83
(2.17), P =0.0004*

L1:LO ratio (median and IQR)

Pretreatment = 1.17 (4.35),
Post-treatment: 1.48 (2.73),
P=0.4115

SPR (median and IQR)

Pretreatment: —-13.72 (3.16),
Post-treatment: —12.72
(4.47), P< 0.001*

(Continued)
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TABLE 2.
(Continued)
Study Comparison Power
Author Design and Group/ Level of Analysis Treatment Adherence Outcome SDs, Means, and
and Year Population Treatment Evidence Included Duration Monitored Measures P-Values
Kaneko, et al, Retrospective case Historical 1 No Approximately Yes, through Acoustic (1) Control: Pre-MPT: 22.17
2015 control study, controls, no 8 wk home measures: (9.24), Post: 17.67 (9.23),
n =16, 65-81y. treatment practice Jitter, shimmer P=0.053
VFE group = 16, progress Aerodynamic Control: Pre-jitter —1.43(0.58),
Control = 6 sheets measures: Post-jitter 1.43 (0.66),
Maximum P=0.99
Phonation Time Control: Pre-shimmer —3.42
Patient self (1.19), Post-shimmer -3.3
report (0.94), P=0.83
measures: VHI- Control: Pre-VHI —10.67 (5.92),
10 Post-VHI -11.67 (3.08),
Auditory- P=0.68
perceptual Control: Pre-GRBAS -9.08 (2.5),
analysis: 9.58 (2.06), P=0.11 Control:
GRBAS Pre-VHI -10.67 (5.92),
Post-VHI -11.67 (3.08),
P=0.68 2)
VFE: Pre MPT —-14.19(5.86), Post
—22.25(7.86), P< 0.001*
VFE: Pre-jitter 1.41(1), Post-jitter
0.89 (0.72), P=0.014*
VFE Pre-shimmer —-3.8 (2.4),
Post-shimmer -3.01 (2.22),
P=0.1
VFE: Pre-VHI 18.88 (8.49), Post:
7.56 (4.79), P< 0.001*
VFE: Pre-GRBAS, 9.44 (1.74),
Post: 6.94 (1.18), P< 0.001*
VFE: Pre-VHI -10-18.8 (8.49),
7.56 (4.79), P<0.001*
Kapsner-Smith Randomized Immediate flow b No 6 wk, once a Home Patient self- (1) Controls: Pre-VHI: 40 (18.5),
et al, 2015 controlled trial, resistant tube week with practice was report Post VHI: 38 (14.4), P> 0.05
n =21. Age range: (FRT) therapy clinical unmonitored measures: VHI (not specified)
32-72y. VFE = 10, Two CGs: monitoring Auditory (2) FRT Pre-VHI 39.4 (15), Post-
FRT = 11 Delayed FRT perceptual VHI 21.6 (13.5): P< 0.001*
and delayed analysis: (3) VFE Pre-VHI 45.2 (17.9),
VFE group CAPE-V Post-VHI 33.7 (21.2):
served as no P<0.048*
treatment (4) CAPE-V change coefficient
groups scores were not significant

for measures under study
(Continued)
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TABLE 2.
(Continued)
Study Comparison Power
Author Design and Group/ Level of Analysis Treatment Adherence Outcome SDs, Means, and
and Year Population Treatment Evidence Included Duration Monitored Measures P-Values
Pasa et al, 2007 Randomized Vocal hygiene Ib No 10 wk Yes, through Patient (1) VH: Pre-voice knowledge:
clinical trial, CG: No home questionnaire: 24.08 (3.57), Post-voice
n = 37. Age treatment practice voice knowledge: 26.62 (3.43),
range = 23-52 y progress knowledge P=0.002*
Comparison sheets (non- VFE: Pre-voice knowledge: 24.8
group = vocal standardized (2.25), Post-voice
hygiene (VH), no tool), perceived knowledge: 25.8 (2.57),
treatment. School degree of P> 0.05 (not specified) CG:
teachers. Vocal benefit Pre-voice knowledge: 24.43
hygiene = 13, questionnaire (2.77), Post-voice
VFE =10, Aerodynamic knowledge: 24.5 (1.65),
Control = 14 measure: P-value not specified
Maximum (2) VH: Prenormalized MPT:
phonation time —8.6 (4.27), Postnormalized
MPT: -6.9 (3.86), P-value not
specified VFE:
Prenormalized MPT: -6.41
(4.54), Postnormalized MPT:
—5.74 (3.44), P-value not
specified
CG: Prenormalized MPT: -8.3
(4.32), Postnormalized MPT:
-9.06 (6.12), P-value not
specified
Patel et al, 2012 Case report, n = 1. No comparison 1 No 6 wk Yes, through Acoustic N/A
Age: 51y group home measures
practice Aerodynamic
progress measures
sheets Auditory-
perceptual
analysis:
CAPE-V high
speed digital
imaging

(Continued)
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TABLE 2.
(Continued)
Study Comparison Power

Author Design and Group/ Level of Analysis Treatment Adherence Qutcome SDs, Means, and

and Year Population Treatment Evidence Included Duration Monitored Measures P-Values

Pedrosa et al, Randomized Comprehensive Ib Yes 6 wk Yes, graphic Auditory- (1) CVRP: Pre-VHI —-43 (22.4),

2015 clinical trial, voice chart to perceptual Post-VHI-25.4 (20.9)
n = 80, mean age: rehabilitation record measure: (2) VFE: Pre-VHI -32.52 (20.32),
35y (SD = 10.1), program frequency of Nonstandardized Post-VHI —-23.93 (19.09)
study included (CVRP) exercises APE or auditory (3) CVRP: Pre-V-RQOL -64.4
patients with perceptual (20.27), Post-V-RQOL 80.75
functional evaluation (18.98)
dysphonia. Patient self- (4) VFE: Pre-V-RQOL -72 (18.7),
CVRP = 40, report: VHI and Post-V-RQOL —-82 (15.19)
VFE = 40 V-RQOL P-values are not listed

Roy et al, 2001 Randomized Vocal hygiene Ib No 6 wk Yes, through Patient self- (1) No treatment pre- and post-
clinical trial. Mean CG: No four session report VHI changes: P=0.233
age: 42-44 years, treatment over 6 wk measure: VHI (2) Vocal hygiene pre and post
Teachers. VHI changes: P=0.918
VFE =19, (3) VFE group pre- and post-VHI
control = 19, Vocal changes: P< 0.0002*
hygiene = 20

Wrycza Sabol Quasi- Vocal hygiene lla No 4 wk Yes, by Aerodynamic (1) Control: Pre-jitter —0.25

et al, 1995 experimental maintaining measure: (0.08), Post-jitter —0.18
design, a written log Maximum (0.06), Control: Pre-MPT — 23
randomization was of their VFE phonation time (7), Post-MPT: 25 (5)
not specified, maximum Acoustic (2) VFE: Pre-jitter —0.24 (0.11),
n = 20, singers. phonation measure: Jitter Post-jitter —0.31 (0.11)
Age:21-43Yy, times in VFE: Pre-MPT —-22 (6), Post-
VFE = 10, vocal seconds MPT: 31 (11) P-values are
hygiene = 10 not specified for pre- and

post-changes
(Continued)
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TABLE 2.
(Continued)
Study Comparison Power
Author Design and Group/ Level of Analysis Treatment Adherence Outcome SDs, Means, and
and Year Population Treatment Evidence Included Duration Monitored Measures P-Values
Sauder et al, Cohort study No comparison llb No 6 wk No Patient self- (1) Pre-HNR -0.16 (3.15), Post-
2010 without control, group report HNR 0.14 (2.35), P=0.67
n=9. Aging measures: VHI, (2) Pre-jitter —1.28 (1.23), Post-
population: 67— voice disorder jitter —1.22 (0.862), P=0.77
90y. VFE =9 severity (3) Pre-shimmer —4.98 (2.27),
Phonatory Post-shimmer —3.84 (2.41),
effort P=0.17
acoustic (4) Pre-MPT -17.78 (5.35), Post-
measures: MPT-18.62 (5.81), P=0.68
harmonic to (5) Pre-VHI -39.11 (21.35), Post-
noise ratio, VHI -23.44 (19.54), P=0.01*

jitter, shimmer
Aerodynamic
measure:
Maximum
phonation
Time
Auditory
perceptual
ratings:
Rainbow
passage,
Sustained /a/
Stroboscopic
evaluation:
Phase closure

(6) Pre-Voice disorder severity:
1.7 (0.71), Post-Voice
disorder severity: 1.1 (0.93),
P=0.1+

(7) Pre-phonatory effort: 1.78
(1.09), Post-phonatory
effort: 0.89 (0.6), P= 0.04*

(8) Rainbow Passage—Pre-
overall quality: 32.17
(25.26), Post-over all quality:
22.56 (17.83), P=0.11

Pre-breathiness: 27(22.04),
Post-breathiness: 15.45
(7.6), P=0.09+

Pre-strain: 29.39 (25.43), Post-
strain: 20.97(19.08), P= 0.1+

(9) Sustained /a/—Pre-overall
quality: 39 (14.78), Post-
overall quality: 36 (13.36),
P=0.21

Pre-breathiness: 23.1 (17.68),
Post-breathiness: 24 (14),
P=0.37

Pre-strain: 39.15 (16.14), Post-
strain: 33 (14.29), P=0.11

(Continued)
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TABLE 2.
(Continued)
Study Comparison Power
Author Design and Group/ Level of Analysis Treatment Adherence Outcome SDs, Means, and
and Year Population Treatment Evidence Included Duration Monitored Measures P-Values
Sharma et al, Case report, n =1 No comparison ] No 3 mo No Aerodynamic Pre-therapy MPT: 7.8 s, Post-
2009 group measures: therapy MPT: 19.8 s
Maximum
phonation time
Stemple et al, Randomized No treatment, Ib No 4 wk Yes, subjects Aerodynamic (1) Control: Pre-MPT -20 (5),
1994 clinical trial, Placebo logged home measure: Post-MPT: 20 (5)
age range: 21— practice Maximum Placebo: Pre-MPT: 21 (6), Post-
25y, n =35, phonation phonation time, MPT: 19 (7)
comparison times on the flow rate, flow VFE: Pre-MPT: 24 (6), Post-MPT:
groups = control VFEs volume 27 (7)
and placebo. Acoustic (2) Control: Pre-jitter —0.26
measure: Jitter (0.14), Post-jitter —0.38 (0.19)
Placebo: Pre-jitter —0.35 (0.21),
Post-jitter —0.36 (0.21)
VFE: Pre jitter 0.4 (0.19), Post
jitter —0.59 (0.16)
Tanner et al, Case study, No comparison ] No 4 sessions, No Auditory- n/a Case report
2010 Twin study, group frequency of perceptual
n =2, aging sessions was evaluation:
voice not specified Tool not
population, specified
Age: 79y Acoustic
measures
Aerodynamic
measures
EMG

(Continued)
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TABLE 2.
(Continued)
Study Comparison Power
Author Design and Group/ Level of Analysis Treatment Adherence Outcome SDs, Means, and
and Year Population Treatment Evidence Included Duration Monitored Measures P-Values
Tay et al, 2012 Quasi CG: No lla No 5 weeks No Acoustic (1) Control: Pre-MPT -17.87
experimental treatment measures: (4.38), Post-MPT: 17.93

design, n = 22, age
range: 68-83
years, aging
choral singers.
VFE = 11,

Control = 11

Jitter, shimmer
Aerodynamic
measures:
Maximum
phonation time
Auditory
perceptual
measures:
breathiness,
roughness,
Strain

(4.98)

VFE: Pre-MPT -17.86 (6.78),
21.96 (8.32)

(2) Control: Pre-jitter —1.62 (1.4),
Post-jitter —0.73 (0.39) VFE:
Pre-jitter —1.39 (0.77), Post-
jitter —1.03 (0.55)

3) Control: Pre-shimmer —2.58
(1.18), Post-jitter —2.22 (1.06)

VFE: Pre-shimmer —3.37 (1.43),
Post-jitter —1.92 (1.13)

(4) Control: Pre-NHR -0.115
(0.021), Post-NHR -0.102
(0.020)

VFE: Pre-NHR —0.134 (0.015),
Post-NHR -0.097 (0.022)

(5) Control: Pre-breathiness:
2.09 (0.49), Post-
breathiness: 2.05 (0.57)

VFE: Pre-breathiness: 2.14
(0.87), Post-breathiness:
1.95 (0.72) 6) Control: Pre-
roughness: 2.45 (0.61), Post-
roughness: 2.23 (0.79) VFE:
Pre-roughness: 2.36 (0.45),
Post-roughness: 2.0 (0.39) 7)
Control: Pre-strain: 2.05
(0.35), Post-strain: 1.86
(0.39) VFE: Pre-strain: 2.09
(0.44), Post-strain: 2.14
(0.64) p-values unavailable

(Continued)
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TABLE 2.
(Continued)
Study Comparison Power
Author Design and Group/ Level of Analysis Treatment Adherence Outcome SDs, Means, and
and Year Population Treatment Evidence Included Duration Monitored Measures P-Values
Teixeira et al., Randomized CG: No b No 6 weeks Yes, through Auditory- (1) Control: Pre-total VAPP
2014 clinical trial, treatment, home perceptual —40.71 (47.2), Post-Total
n =162, Age: 18- Voice practice evaluation: VAPP: 49.01 (58.71) VAG:
50 years, amplification progress Consensus Pre-total VAPP —47.38 (48.1),
comparison: voice (VAG) sheets Auditory Post-Total VAPP: 35.42
amplification Perceptual (39.71)
(VAG), CG. Control Evaluation -V VFE: Pre-total VAPP —67.59
(CG) = 54, Voice Laryngeal (63.6), Post-Total VAPP:
amplification = 54, assessment: 37.92 (55.0)
VFE = 54 Stroboscopy (2) Control: Pre-shimmer —5.7
(glottal closure, (2.3), Post-shimmer: 5.22
lesion size, (1.9) VAG: Pre-Shimmer
closure and —4.72 (1.7), Post-shimmer:
tension) Patient 4.24 (1.4) VFE: Pre-shimmer
self-report: —5.09 (2.1), Post-shimmer:

Voice activity
participation
profile
acoustic
measures:
jitter, shimmer

3.86 (1.6) 7)

(3) Control: Pre-jitter —1.07 (0.7),
Post-jitter: 0.83 (0.5) VAG:
Pre-jitter —0.69 (0.3), Post-
jitter: 0.61 (0.3) VFE : Pre-
jitter —0.89 (0.7), Post-jitter:
0.62 (0.4)

(4) Control: Pre NHR -0.16 (0.7),
Post-jitter: 0.14 (0.5) VAG:
Pre-NHR -0.13 (0.3), Post-
NHR: 0.13 (0.3) VFE: Pre-
NHR -0.13 (0.7), Post-jitter:
0.12 (0.4)

Pre- and post-therapy
intervention CAPE-V scores
are not available

(Continued)
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TABLE 2.
(Continued)
Study Comparison Power
Author Design and Group/ Level of Analysis Treatment Adherence Outcome SDs, Means, and
and Year Population Treatment Evidence Included Duration Monitored Measures P-Values
Ziegler et al, Randomized Phonation Ib No 4 weeks Yes, through Patient self- (1) Control: Pre-V-RQOL: 87.5
2014 clinical trial, resistance home report: V-RQOL, (7.9), Post-V-RQOL: 91.5
n = 20. Age: 60— training practice perceived (5.8), P=0.195
91vy. VFE =6, exercise progress phonatory PhoRTE: Pre-V-RQOL: 88.5
PhoRTE = 6, (PhoRTE), sheets effort (PPE) (10.4), Post-V-RQOL: 95.0
Control =8 Control: No (5.9), P=0.54*%
treatment VFE: PhoRTE: Pre-V-RQOL: 80.8
(12.3), Post-V-RQOL: 87.5
(10.2), P=0.054*
(2) Control: Pre-PPE: 101 (16),
Post-PPE: 103 (13), P=0.374
PhoRTE: Pre-PPE: 144 (51.8),
Post-PPE: 102 (35.6),
P=0.77*
VFE: PhoRTE: Pre-PPE: 142.5
(41.7), Post-PPE: 109.2
(14.3), P=0.121
Nguyen et al, Randomized Partial VFE Ib No 4 wk Yes, through Acoustic (1) Full exercise group: Pre-
2009 clinical trial, protocol home measures: jitter —0.599, Post-jitter

primary school
teachers, n = 40.
Age range = 22—
54 y. Full VFE
protocol = 22,
Partial

protocol = 18

practice
progress
sheets

Jitter, shimmer,
HNR

Auditory-
perceptual
evaluation
Patient self-
report
measures

—-0.356, P< 0.001*

Partial exercise group: Pre-jitter
—0.563, Post-jitter —0.529,
P=0.511

(2) Full exercise group: Pre-
shimmer —-4.343, Post-
shimmer -2.935, P< 0.001*

Partial exercise group: Pre-
shimmer —4.086, Post-
shimmer —-3.942, P=0.748

(3) Full exercise group: Pre-
HNR -18.6, Post-HNR —22.4,
P<0.001*

Partial exercise group: Pre-HNR
-18.9, Post-HNR -19.6,
P=0.206

(4) Full exercise group: Pre-
perceptual scores —2.82,
Post-perceptual scores
-2.41, P=<0.001*

Partial exercise group: Pre-
perceptual score —2.87,
Post-perceptual score —2.72,
P=0.068

(Continued)
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TABLE 2.
(Continued)
Study Comparison Power
Author Design and Group/ Level of Analysis Treatment Adherence Outcome SDs, Means, and
and Year Population Treatment Evidence Included Duration Monitored Measures P-Values
Jafari et al, Cohort study. No comparison b No 6 wk No Patient self- (1) Pre-VHI total: 43.4 (19.2),
2016 Native Persian group assessment: Post-VHI total: 24.4 (18.9),
speakers with VHI P=0.02*
muscle tension Auditory- Pre-VHI Physical: 19.4 (9.2),
dysphonia, n = 15. perceptual Post-VHI Physical: 11.5 (8.1),
Age range: 24— assessment: P =0.006*
62y GRBAS Pre-VHI Functional: 17.8 (8.4),

Post-VHI Functional: 8.6
(6.3), P=0.04%

Pre-VHI Emotional: 6.2 (5.9),
Post-VHI Emotional: 4.3
(4.4), P=0.004*

(2) Pre-overall grade of
dysphonia (G): 2.1 (0.8),
Post-overall grade of
dysphonia (G): 0.5 (0.6),
P =0.006*

Pre-Roughness (R): 1.8 (0.6),
Post-Roughness (R): 0.7
(0.5), P=0.01*

Pre-Breathiness (B): 1.2 (0.3),
Post-Breathiness (B): 0.4
(0.2), P=0.02*

Pre-Asthenia (A): 1.1 (0.5), Post-
Asthenia: 0.3 (0.4), P=0.04*

Pre-Strain (S): 2.3 (0.9), Post-
Strain (S): 0.9 (0.8),

P =0.004%

* Significance level at

P<0.05.

T Significance level at P<0.1.
Abbreviations: CAPE-V, Consensus Auditory Perceptual Evaluation of Voice; GRBAS, grade, roughness, breathiness, asthenia, and strain; HNR, Harmonic-to-noise ratio; IQR, Interquartile Range; MPT,
maximum phonation time; NHR, Noise-Harmonic Ratio; VAPP, Voice Activity Participation Profile; VFE, vocal function exercises; VHI, Voice Handicap Index; VoiSS, Voice Symptom Scale; V-RQOL, Voice-

Related Quality of Life.
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TABLE 3.
Effect Sizes for Domains of Voice Assessment

Parameters Studies Effect Size (Hedge d) Interpretation
Voice Related Quality of Life Berg et al? 0.8 Medium to large
Ziegler et al?? 0.54
Pedrosa et al™ 0.56
Gillivan-Murphy et al® 0.89
Overall V-RQOL 0.66
Voice Handicap Index Jafari et al®® -0.99 Medium to large
Sauder et al'® -0.59
Pedrosa et al' -0.42
Kaneko et al® -1.35
Kapsner-Smith et al® -0.53
Overall VHI —-0.52
Maximum phonation time Sauder et al'® 0.11 Small to large
Pasa et al™’ 0.3
Kaneko et al® 1.00
Teixeira and Behlau® 0.49
Stemple et al™® 0.43
Wrycza Sabol et al? 0.85
Ellis and Beltyukova® 0.87
Gorman et al® 1.55
Overall MPT 0.55
Jitter Sauder et al'® —-0.06 Small to medium
Teixeira and Behlau® -0.46
Wrycza Sabol et al?' -0.61
Kaneko et al® -0.74
Shimmer Wrycza Sabol et al?' -0.77 Small to medium
Teixeira and Behlau® -0.26
Kaneko et al® -0.14
Sauder et al'® -0.49

Abbreviations: VHI, Voice Handicap Index; V-RQOL, Voice-Related Quality of Life.

study by Kaneko et al® at —0.14. The largest effect was seen in
the study by Teixeira and Behlau® at —0.77.

Aerodynamic measures

Eight studies utilized aerodynamic analysis as part of their voice
assessment battery.®*!>!""1%2! Studies that used maximum pho-
nation time (MPT) as an outcome measure have been included
in this section as well. MPT emerged as the most widely used
outcome measure across studies. Worsening of aerodynamic mea-
sures was not noted in any of the studies. Six out of eight studies
reported an improvement in MPTs and aerodynamic measures
as a result of VFEs.%%!71821 Majority of these study designs in-
cluded control groups;*'®' one study was a cohort study without
controls® and two studies were single case studies.'>!” The only
study that did not show a significant change in MPTs as a result
of VFEs was a twin study by Tanner et al.'” Other aerody-
namic measures included were airflow rates'>'**' and inverse filter
measures.® The study by Gorman et al® showed an improve-
ment in DC flow measures in individuals over the age of 60 years
with a diagnosis of presbylarynx. Before therapy, all partici-
pants showed DC flow measures consistent with glottic
insufficiency observed on their pretherapy stroboscopic exam-
ination. At the end of 12 weeks, a significant improvement in
DC flow and subglottic pressure measures was noted as a result

of VFEs indicative of an improvement in glottic efficiency. De-
crease in airflow rates was also noted by Stemple et al'® and
Wrycza Sabol et al’' as a result of VFEs. Both studies showed
a decrease in airflow rates in the VFE group in comparison to
placebo therapy and vocal hygiene. The case study by Patel et al'?
also showed a decrease in airflow measures; however, the study
participant had normal values on airflow measures during the
pre- and post-therapy assessments.

The effect sizes (Table 3) for MPT ranged from small to large,
0.11 to 1.55. Three out of nine showed a small effect size.'"'*"
The smallest effect size was noted in Sauder et al,'® at 0.11.
However, the study by Tanner et al was a twin study (n = 2). Effect
sizes are often unreliable with a small sample size.”® The largest
effect was seen in the study by Gorman et al,® at 1.55.

Laryngeal imaging

Four studies utilized laryngeal imaging as an outcome measure.
Three studies utilized laryngeal videostroboscopic measures®'*!'¢
and one study utilized high-speed laryngeal imaging.'> No adverse
laryngeal findings were reported in any of the studies as a result
of VFEs. Study findings from Kaneko et al® and Sauder et al'®
showed an improvement in glottic closure as a result of VFEs.
The study by Kaneko et al® investigated three vibratory param-
eters which included normalized wave mucosal amplitude
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FIGURE 2. Forest plot representing effect sizes by specific study and outcome measure.

(NMWA), normalized glottal gap (NGG) and bowing index (BI).
The authors found an improvement in NMWA and NGG fol-
lowing an 8-week VFE program. Participants between the ages
of 65 and 80 years were included in the study, which would
explain the need for a bowing index. Kaneko et al,® however,
did not observe a difference in the bowing index as a result of
VFEs. The study by Pedrosa et al"* showed an improvement in
the comparison group (comprehensive voice rehabilitation
program) over VFEs in terms of laryngeal pattern (LP). LP was
judged by an otolaryngologist who was blinded to the pa-
tient’s history and demographic information. LP was judged on
a 100-mm visual analog scale in terms of the degree of abnor-
mality of glottic closure pattern, presence or absence of a lesion,
and the degree of supraglottic activity. It is unclear as to which
LP parameters showed the greatest degree of improvement based
on the results presented. Patel et al'? utilized both high-speed
laryngeal imaging (HSDI) and laryngeal stroboscopy to judge
improvement in vocal fold vibratory features in a single

participant with a vocal process granuloma. The authors re-
ported changes in several HSDI features including improved voice
onset time, maximum amplitude, speed quotient, open quo-
tient, peak closing velocity, peak-to-average closing velocity and
peak to average opening velocity.'> On both high speed and
stroboscopy, improved closure of the membranous vocal folds
was observed during the post-VFE assessment.

Tracking adherence

Thirteen out of 21 studies documented monitoring adherence to
therapy techniques under study.*”!0-13:13.18.20-2226 A dherence for
VFEs was monitored through home practice progress sheets
wherein study participants were required to log in phonation times
on the VFEs. In the study by Ellis and Beltyukova,® partici-
pants in the monitored VFE group were required to provide video
or audio recordings of the exercises completed on a home prac-
tice basis.
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SUMMARY AND CONCLUSIONS

Since the mid-1990s, there has been a steady interest in the ef-
ficacy of VFEs for improving vocal function; thus, a thorough
review was warranted. The present review did not exclude studies
based on study designs. The majority of studies included in the
review showed a high study rigor with many assessed as level
I or level II. Thirteen studies included some form of a control
or no treatment group and nine studies compared VFEs with
another voice therapy method. Studies that included a control
group or a therapy comparison group utilized randomization for
participant group assignments. Effect sizes for the studies under
review ranged from small to large. However, the majority of the
studies showed medium to large effect sizes. Studies that were
designed as randomized clinical trials were all single blinded,
further increasing their level of evidence. However, even study
designs that are appraised with lower levels of evidence were
still executed with a high level of rigor. The case control and
case studies included in this review also involved some form of
blinding for the auditory perceptual and stroboscopic param-
eters. To observe such a high level of rigor in the field of voice
disorders is impressive and makes one optimistic for the level
of research one can expect for the future.

From the appraised studies, it is apparent that VFEs are ef-
ficacious in enhancing vocal function in individuals with
disordered voices, individuals over the age of 60 years diag-
nosed with presbylaryngeus, and professional voice users. In
individuals with normal voices and elite voice users such as
singers, VFEs were effective in enhancing existent physiologic
voice parameters such as pitch range, airflow rate, MPT, and
dynamic range.

In terms of the voice assessment parameters, patient self-
report was the most widely used assessment parameter influencing
the outcome of this review. It is interesting that patient-
reported measures represented the strongest evidence for the
effectiveness of VFEs according to the effect sizes. Other mea-
sures that are typically considered more “objective” demonstrated
lesser effect. One reason for this may be that the objective mea-
sures only captured portions of the many interacting components
of voice production. Because vocal output is an emergent be-
havior resulting from the nonlinear interactions of multiple
variables within and among the respiratory, phonatory, and res-
onance subsystems, measurement of a single variable is likely
not a strong representation of the total change in vocal output
resulting from VFEs. Self-report measures of vocal output rep-
resent the conglomeration of many variables that result in overall
vocal function. Future studies should consider multimeasurement
methodologies that capture the interactive nature of the subsys-
tem triad, which may better represent the overall changes in vocal
output resulting from the VFE program. From the studies in-
cluded, VFEs appear to influence change in multiple voice
parameters across the five domains of voice assessment.

Compliance also appeared to be a factor in the magnitude of
improvement noted as a result of VFEs. In the study by Ellis
et al, the group that was not monitored for VFEs did poorly com-
pared with the monitored VFE group. In general, the success
of VFE was attributed to the monitoring required as part of the
therapy program.

In summary, there is moderate-to-strong evidence based on
patient self-report and mild-to-moderate evidence based on ob-
jective measures to support the use of VFEs to enhance the normal
voice and the voices of highly trained singers, remediate disor-
dered voice, and improve the aging voice. It is possible that VFEs
have been widely studied because it is a highly prescriptive ex-
ercise program, enhancing documentation of progress and changes
in vocal function. The present systematic review strengthens the
external validity of these exercises as improvements in diverse
populations have been observed. The results of this systematic
review indicate that VFEs demonstrate both efficacy and effec-
tiveness as a tool for the remediation of voice disorders.

LIMITATIONS

The analysis of bias for the present review was limited due to
small sample sizes and multiple outcome variables used across
studies. Funnel plots for three primarily used outcome mea-
sures were constructed; however, they cannot be reliably
interpreted due to the small number of studies that were in-
cluded for each outcome. Therefore, the possibility of publication
bias exists and should be considered.
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