Patient-Perceived Vocal Effort Inmediately Following Voice
Tasks in Adductor Laryngeal Dystonia (ADLD)

“Cara L. Sauder, "“*Katherine L. Marks, *Tanya K. Meyer, ‘John Paul Giliberto, ‘Madeline Knutson,
*Emily Wilson, "ICara E. Stepp, and ““'Tanya L. Eadie, *§Seattle, Washington, 19|| Boston, Massachusetts, and } Atlanta,

Georgia

Summary: Purpose. This study examined the relationship between patient-perceived vocal effort (VE) using a
100-mm visual analog scale (VE-VAS) and the OMNI Vocal Effort Scale (OMNI-VES) when measures were
obtained after a vocal activity. A second purpose was to evaluate how VE related to other voice assessment
measures.

Method. Fifty-three speakers with adductor laryngeal dystonia (ADLD) provided speech recordings. Directly
after this vocal activity, speakers rated VE using the VE-VAS and the OMNI-VES. Speakers provided ratings of
their own voice quality severity using a 100-mm VAS (ADLD-0OS) and completed the Voice-Related Quality of
Life (V-RQOL) scale. Ten experienced speech-language pathologists rated a subset of available speech samples
(n = 39) for overall voice severity using a 100-mm VAS (SLP-OS).

Results. There was a strong, significant correlation (r = 0.78, P < 0.001) between the VE-VAS and the OMNI-
VES. Both VE measures were strongly and significantly correlated with speakers’ ratings of their voice: VE-VAS
vs ADLD-OS, r = 0.75, P < 0.001; OMNI-VES vs ADLD-OS, r = 0.85, P < 0.001. In contrast, mostly weak
correlations were found between perceived VE and V-RQOL total and physical domains, respectively (VE-VAS
vs V-RQOL: r = —=0.21 to —0.19, P > 0.05; OMNI-VES vs V-RQOL: r = —0.37 to —0.44, P < 0.01). Finally,
VE measures were moderately and significantly related to SLPs’ auditory-perceptual measures of voice severity:
VE-VAS vs SLP-0OS, r = 0.50, P < 0.001; OMNI-VES vs SLP-OS, r = 0.57, P < 0.001.

Conclusions. ADLD speakers’ perceptions of VE are strongly related when measures are obtained directly
after a vocal activity, regardless of the VE scale. VE is strongly related to speaker-rated voice quality severity,
but weakly related to V-RQOL. Measures of VE obtained directly after a vocal activity are moderately related
to clinicians’ perceptions of overall voice quality severity.
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INTRODUCTION
Adductor laryngeal dystonia (ADLD) is a rare, neurologic
movement disorder that is characterized by involuntary
and intermittently forceful adduction of the intrinsic ad-
ductor laryngeal muscles during purposeful speech.'~
Speakers with ADLD are often perceived by listeners as
having poor voice quality, frequently characterized by
vocal strain as well as intermittent pitch and voice
breaks.” © Speakers with ADLD often report difficulty
communicating with others, due in part to their altered
voice quality and the undependability of their voices.
However, perhaps the most prominent physical symptom
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reported by speakers with ADLD relates to their percep-
tion of increased vocal effort (VE),” defined as the per-
ceived work or exertion an individual feels during
phonation during speech tasks.'” ' Among other factors,
both poor voice quality and increased VE contribute to the
negative physical, functional, and social-emotional con-
sequences commonly experienced by speakers with ADLD,
as measured using patient-reported outcome measures.™'”

The current “gold standard” and most common treatment
for ADLD is botulinum toxin (BTX).'* For many speakers
with ADLD, BTX temporarily improves voice quality and
reduces VE, resulting in improved Voice-Related Quality of
Life (V-RQOL)"’ scores and increased communicative par-
ticipation.”'*'*!®!" Clinicians also consider multiple fac-
tors, such as improved voice quality and reduced VE, as well
as patient preferences, such as tolerance of side effects (eg,
common breathy period), when they make decisions about
the optimal dosage and frequency of BTX injections in pa-
tients with ADLD.'*'*"” However, BTX is not effective for
all speakers, and although BTX can provide symptomatic
relief, speakers with ADLD must manage living with ADLD
for the rest of their lives.”'*'*'%!” As a result, it is important
that clinicians are able to validly assess and track symptoms
that are meaningful to speakers with ADLD, such as per-
ceived VE, and understand how this symptom might relate
to other measures that are commonly obtained as part of a
multidimensional voice assessment protocol.” #1120
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Yet, a recent systematic review'® of treatment studies in
laryngeal dystonia reported that among the 34 studies
(n = 34/125, 27%) that used patient self-evaluation methods,
over half of these did not provide adequate detail about the
measures used and/or did not use a reproducible standar-
dized measure. Of the remaining 16 different studies, there
were 15 different types of scales used by patients to rate their
own voice quality and VE."” This methodological hetero-
geneity makes it difficult to compare results or make re-
commendations for standardizing clinical methods for
measuring VE in ADLD.”

Measures of vocal effort

Various methods have been proposed to measure VE in
speakers with voice disorders, including ADLD, in clinical
and research settings. These methods include electro-
glottography,” aerodynamic,” acoustic,” and several pa-
tient-reported  measures.''****  Although VE has
commonly been used to describe physiological conditions
in voice production, VE is in fact a perceptual phenomenon
that refers to perceived physical exertion of the speaker
during vocal tasks.'” In other words, VE is by its very
nature a patient-perceived construct, which should there-
fore be measured using self-report.'”

In addition to differences in terminology used to describe
VE, there is also substantial variability in the methods and
scale types used to obtain patient-perceived VE measures
across settings.”” Although no standardized clinical scale
for measuring VE has been established,”””" studies have
included interval and Likert-type scales, direct magnitude
estimation scales,”””’ the BORG CR10 scale,””® and vi-
sual analog scale (VAS)s'"*” ** for measuring VE across
populations. This variability in scale types also makes it
difficult to compare results across studies.

Many researchers have used VASs to measure self-rated
VE in various patient populations, including
ADLD.'"*” %> A VAS is a continuous line with two defined
endpoints, commonly labeled as either “no effort” or
“minimum effort” versus “extreme effort” or “maximum
effort” when used to measure VE.”* A VAS provides high
resolution and might be more sensitive to changes fol-
lowing treatment compared with scales that have fewer
scale points or ranked categories.”” The psychometric
properties of VASs also may allow for measuring linear
and nonlinear perceptual phenomena, although this prop-
erty has not been established for VE.

Previously, Eadie et al'” included VASs for ratings of VE
and overall severity of voice in 20 speakers with ADLD.
Speakers read the first paragraph of the Rainbow Passage™
and then immediately provided self-ratings of voice quality
and VE after reviewing their speech recordings. In-
experienced listeners and experienced speech-language pa-
thologists (SLPs) also made auditory-perceptual judgments
of overall severity of voice and perceived effort of the
speakers’ voice production using similar scales for com-
parison. The results showed that patient-perceived mea-
sures of voice quality and VE moderately correlated with

other listeners’ perceptions of similar dimensions (ranging
from r = 0.45 to 0.58). The speakers’ perceptions of their
own VE also were more strongly correlated (» = 0.61) with
Voice Handicap Index (VHI)* scores than other listener
ratings (ranging from » = 0.30 to 0.32), consistent with the
notion that other listeners’ ratings of voice quality or VE
are measuring different constructs than patient-reported V-
RQOL. In addition, the results suggested that patient-
perceived VE was a meaningful symptom in speakers with
ADLD that may not be captured entirely by patient-re-
ported quality of life measures like the VHI.

More recently, researchers have sought to adapt and
validate the OMNI scales for measuring VE in individuals
with voice disorders.’" The OMNI (originating from the
term, omnibus) scales are a series of validated scales ori-
ginally developed to measure perceived exertion for dif-
ferent types of physical resistance exercises.”” The OMNI
uses the following operational definition of perceived ex-
ertion: “The perception of physical exertion is defined as
the subjective intensity of effort, strain, discomfort, and/or
fatigue” (p. 336).”” The OMNI includes a 11-point equal-
appearing interval rating scale ranging from 0 to 10
(0 = extremely easy, 2 = easy, 4 = somewhat easy,
6 = somewhat hard, 8 = hard, 10 = extremely hard). It is
administered immediately following a physical task/set.
The OMNI scale was adapted and validated for measuring
VE in patients with ADLD.”” The OMNI Vocal Effort
Scale (OMNI-VES) includes the same operational defini-
tion of voice-related perceived exertion as the OMNI, al-
though speakers are instructed to rate perceived VE “when
using your voice TODAY” (Figure 1)."

In the validation study by Shoffel-Havakuk et al, 178
patients with ADLD completed several voice assessment
measures directly before receiving regular BTX injec-
tions.'" Specifically, patients completed the V-RQOL'” and
the OMNI-VES before Consensus Auditory Perceptual
Evaluation-Voice (CAPE-V) ratings were obtained from
two SLPs based on speech recordings that included a
variety of tasks. A subset of 17 speakers with ADLD
completed the protocol in the same order, 1 month fol-
lowing BTX (ie, when voice is typically improved).'' Fi-
nally, the OMNI-VES was administered to 48 control
speakers without voice disorders.

The results of the study showed that OMNI-VES scores
obtained from speakers with ADLD were significantly
higher, on average, than controls."' There also were sta-
tistically significant changes in perceived VE following
BTX, demonstrating sensitivity of the scale to treatment.'’
However, OMNI-VES scores from speakers with ADLD
were significantly, but only weakly related to V-RQOL
scores (t —b=-0.25)."" Finally, OMNI-VES scores from
speakers were unrelated to clinicians’ auditory-perceptual
measures of dysphonia severity (t — b =0.08)."" The results
led the authors to conclude that the OMNI-VES was
measuring a different, but complementary, construct than
other patient-reported as well as clinician-rated voice
measures.
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Based on the scale below, CIRCLE the number (0-10) that indicates how much effort,
strain, discomfort and/or fatigue you perceive when using your voice TODAY?

FIGURE 1. The OMNI Vocal Effort Scale.

Recently, the OMNI-VES was used in two different
studies to establish normative data in control speakers,”” as
well as the effects of BTX in 26 patients with ADLD."
Like the initial validation study,'' Dwyer et al found sta-
tistically significant reduction in OMNI-VES scores fol-
lowing BTX for patients with ADLD.” They also found
that changes in OMNI-VES scores were most strongly re-
lated to changes in other patient-perceived measures of VE
or self-rated severity of voice breaks, using VASs (rs >
0.68). Consistent with the OMNI-VES validation study
and prior results by Shoffel-Havakuk et al,'' relatively
weak, nonsignificant relationships were found between
changes in perceived VE and changes in V-RQOL and
communicative participation from pre BTX to post BTX.
However, like the original OMNI-VES validation study,
Dwyer et al also reported weak relationships between
changes in OMNI-VES scores and changes in clinician-
rated overall severity of voice and strain (rs < 0.25).”

One other notable difference among these studies was the
order in which perceived VE was measured as part of the
voice assessment protocol. The order and timing for rating
perceived VE are important when attempting to control
factors that have previously been shown to affect a
speaker’s VE ratings, such as mood, attention, and
memory.”” In fact, authors of a consensus paper on VE
recommended that because perceived VE is an in-the-mo-
ment phenomenon, such ratings “should be made im-
mediately following a vocal activity” (p. 517)."” In the
original OMNI-VES validation study, patient-perceived
measures were obtained before the standardized speech
tasks.'' In the study by Robertson et al,’’ patient-reported
measures were completed after the speech tasks within a 72-
hour window, although some participants did not complete
all measures. In contrast, ADLD speakers in the study by
Eadie et al'’ rated perceived VE immediately after

reviewing their own speech recordings, anchoring VE rat-
ings to the voice task. As such, the current study’s main
purpose was to examine the relationship between perceived
VE rated on a VAS and the OMNI-VES when these
measures were obtained directly after a vocal activity in
speakers with ADLD. A second purpose was to evaluate
relationships between both measures of perceived VE with
other patient- and clinician-rated voice assessment mea-
sures in this population.

METHODS
All procedures were approved by the institutional review
boards at Boston University and the University of
Washington.

Speakers

Fifty-three individuals diagnosed with ADLD (8 M, 45F)
with or without tremor participated. All participants iden-
tified as cisgender. The mean age of speakers with ADLD
was 61 years (standard deviations [SD] = 13.40 years). Forty-
nine (92%) participants self-identified as White, 3 (6%) as
Asian and multiple races, and 1 (2%) preferred not to an-
swer. Forty-seven (89%) participants did not identify as
Hispanic or Latino, 2 (4%) identified as Hispanic or Latino,
and 4 (7%) preferred not to answer.

Fifty individuals (94%) received regular BTX injections,
with the majority (n = 40, 80%) of those receiving ongoing
treatment at the University of Washington Medical Center
(UWMUOQ). Individuals who received regular BTX injections
at UWMC reported receiving their injections for
11.68 years on average (SD =9.48 years) and reported re-
sponding favorably to at least two previous BTX injections.
Three speakers with ADLD were not receiving current
BTX treatment; of these, two reported receiving BTX
previously, but had since opted to discontinue treatment.
No speakers were receiving voice therapy for the reduction
of symptoms associated with accompanying muscle tension
dysphonia. All speakers received their ADLD diagnosis by
a fellowship-trained laryngologist and experienced speech-
language pathologist team based on case history, auditory-
perceptual evaluation of voice, and videolaryngostrobo-
scopic evaluation. All individuals were symptomatic, via
clinician- and self-report, at the time they participated in
the study. Exclusion criteria included patients < 18 years,
patients who could not complete patient-reported measures
in English, and patients who had been diagnosed with
other speech or voice disorders.

Listeners

Ten speech-language pathologists (one M, eight F, eight
cisgender, and one nonbinary) with clinical experience in
voice assessment and treatment participated as listeners.
Listeners were, on average, 36years of age
(SD =8.10 years), with 9 (90%) self-identifying as White, 1
(10%) as Asian, and none identifying as Hispanic or
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Latino. Listeners reported 10.45 years of clinical experience
with voice disorders, on average (SD = 7.64 years, range 3-
24 years). All reported experience using auditory-percep-
tual scales, including VAS, for regular voice assessment,
and none reported difficulties with hearing.

Data collection in speakers with ADLD

Speakers with ADLD completed a variety of tasks in this
study, in the following order: 1) the V-RQOL scale; 2) voice
recordings; 3) patient-perceived VE using a VAS (VE-VAS)
and a self-rated measure of overall severity of voice quality
using a VAS (OS-VAS); and 4) patient-perceived VE using
the OMNI-VES. Speakers with ADLD completed patient-
reported measures using either REDCap™”*' electronic
data capture tools hosted at the University of Washington,
or paper for data collection. Forty-five out of 50 (90%)
participants who were receiving regular BTX injections
were recorded at the end of their BTX treatment cycle,
before their next injection (ie, same day). Five individuals
who were receiving regular BTX injections provided as-
sessment measures as part of a larger research protocol at
Boston University and were symptomatic at the time of
participation, with planned BTX injections within less than
a month of their participation date.

Voice-related quality of life

Speakers with ADLD first completed the V-RQOL.'” The
V-RQOL is a 10-item, validated V-RQOL assessment tool
commonly used in clinical and research settings. It includes
four social-emotional domain items and six physical func-
tioning domain items. The instructions ask patients to
consider how severe and how frequent their voice problems
have been during the most recent 2-week period. A 5-point
Likert scale is used for measurement. Raw scores are
converted to standardized totals, with 0 indicating a very
poor V-RQOL, and 100 an excellent V-RQOL. For this
study’s purpose, both the total and physical functioning
domain scores were calculated, as it was hypothesized that
the physical domain items would be more strongly related
to perceived VE than social-emotional items.

Voice recordings

After completing the V-RQOL, voice samples were col-
lected from speakers with ADLD using a headset con-
denser microphone (AKG C420 or Shure omnidirectional
MX153) routed to a Zoom H6 audio recorder or the Kay
Pentax Computerized Speech Lab Model 4300 (Pine
Brook, NJ), with a constant mouth-to-mic distance and
microphone placed 45 degrees from midline. All recordings
were obtained at a 44.1-kHz sampling rate and 16-bit re-
solution. All speakers performed sentence reading (eg,
CAPE-V sentences, sentences loaded with voiced and voi-
celess phonemes), whispering, sustained phonation,
counting, laryngeal diadochokinetic tasks, soft sustained
voice production, and a 30-second conversational speech

sample as part of a larger ongoing research protocol.
Finally, speakers were asked to read the first paragraph of
the Rainbow Passage.”

Perceived VE and self-rated overall severity of voice
quality using 100-mm VAS

Before reading the Rainbow Passage and making voice
recordings, speakers with ADLD were instructed that they
would rate their perceived VE following the reading task,
with perceived VE defined as the physical exertion in pro-
ducing voice. Specifically, when using the VAS, speakers
were asked to anchor their ratings to the vocal activity (ie,
the standard reading passage). Upon completing the voice
recording, speakers with ADLD rated their perceived VE
using a 100-mm VAS (VE-VAS) (Figure 2).

Speakers also were provided an operational definition of
overall severity of voice quality as “a measure of how
‘good’ or ‘poor’ the voice quality is (how clear your voice
is).” They self-rated their own overall severity of voice
quality using a horizontally oriented 100-mm VAS
(ADLD-OS). Endpoints on the VAS were labeled
0 =normal/typical for age and gender at the extreme left
and 100 = severe at the extreme right (Figure 2).

Perceived VE using the OMNI-VES

Finally, speakers with ADLD read the standard instruc-
tions and definitions of perceived VE using the OMNI-
VES.'" As found in the current validated version of the
OMNI-VES, they were instructed to rate their perception
of VE “when using your voice TODAY” (Figure 1).

Speech stimuli preparation and listener procedures
At the time the listening procedure was conducted, data
were available for a subset of participants (39/53, or 74% of
the speech samples). ADLD and vocal tremor were re-
ported in 8/39 (21%) of these speakers and verified as part
of their medical record. The second sentence of the
Rainbow Passage was extracted from the available subset
of voice recordings. Speakers performed the same speech
tasks, and were either at the end of their BTX cycles (or did
not undergo regular BTX injections). The samples were
peak-normalized for the listening experiment using sound-
editing software. Samples were then entered into a custom
software program that randomly generates speaker order,
presents perceptual rating scales, and records responses.
Ten experienced SLP listeners were then asked to per-
form auditory-perceptual ratings of the speech samples.
Listeners were first oriented to the rating task and provided
an operational definition of overall severity, a measure of
how good or poor the voice sample is judged to be for its
voice quality. Listeners were then presented four speech
samples (two male and two female speakers with ADLD)
that represented a range of voice severities, from normal/
typical to severe, for familiarization purposes. None of
these speakers were included in the subsequent rating task.
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Self-Ratings of Voice and Speech

Vocal effort is defined as the perceived physical exertion in producing voice. Please
rate how much vocal effort you think it took for you to read the passage using the rating

scale provided.

Please draw a tick mark on the scale to show how much vocal effort you think it took for
you to read the passage. If it took a lot of effort, draw a tick mark on the line at the right
end of the scale. If you think it took no effort (e.g., very easy), draw a tick mark on the

line on the left end of the scale.

You may mark a line anywhere on the scale if you believe it applies.

No Effort

Extreme Effort

Overall voice quality severity is a measure of how "good" or "poor" the voice quality is

(how clear your voice is).

Please rate your voice quality while reading the passage in terms of overall voice
severity. In making your rating, please compare your voice to others that are the same

age and gender as you.

Please draw a tick mark on the scale to show how severe it is. For example, if it sounded
really severe, draw a tick mark on the line on the right end of the scale. If you think it
sounded really good (typical for your age/gender), then draw a tick mark on the line on

the left end of the scale.

You may mark a line anywhere on the scale if you believe it applies.

Normal / Typical for my age/gender

Severe

FIGURE 2. The Vocal Effort Visual Analog Scales and Voice Quality Severity Scales used for self-ratings.

Listeners then provided auditory-perceptual ratings of 39
speakers with ADLD for overall severity of voice (SLP-OS)
using a horizontally oriented 100-mm VAS, similar to the
CAPE-V.” Endpoints on the VAS were labeled 0 = typical
at the extreme left and 100 =severe at the extreme right.
Stimuli were presented in random order via a custom-made
computer program over Sony MDR7506 headphones.
Listeners could listen to each sample as many times as they
wished. All 39 voice samples were repeated in random
order and rated at least 7 days after the initial rating task to
assess intrarater reliability.

Statistical analyses

A power analysis was conducted to calculate the sample
sizes needed to detect a relevant simple correlation (r = 0.4)
using a 5% significance level (@ =0.05) with 80% power
(B =10.20) using a two-sided test. The required sample size
was approximately 47 (N =47). The strength of the re-
lationship between the two patient-perceived VE measures,
VE-VAS and the OMNI-VES, was evaluated using
Spearman’s correlation coefficient, a nonparametric sta-
tistic, because data were not normally distributed.
Correlational analyses were also calculated to evaluate the

strength of relationships between both measures of VE and
other patient-rated voice assessment measures, including
self-rated overall voice quality (ADLD-OS) and the V-
RQOL total and physical functioning domain scores.
Correlational analyses were also calculated to determine
the strength of relationships between both measures of VE
and clinician auditory-perceptual ratings of overall voice
severity (SLP-OS). Finally, simple linear regression was
conducted to determine the proportion of variance in VE
ratings that could be explained by patient-rated and clin-
ician-rated measures.

Reliability for clinician-rated overall severity of voice
(SLP-0S)

To calculate intrarater reliability, listeners repeated the
auditory-perceptual task in a second rating session held at
least 7 days after the first session (mean time between ses-
sions 1 and 2 =17.4 days). Intrarater reliability was calcu-
lated using an individual listener’s first and second ratings
of all repeated stimuli using Spearman’s correlation coef-
ficient because data were not normally distributed.
Interrater reliability for listeners’ judgments was calculated
using intraclass correlations (ICCs) based on a single rating
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TABLE 1.
Means, Standard Deviations, and Ranges of Scores for Patient- and Clinician-Rated Outcome Measures
Patient- or

Construct Measured Clinician-Rated Scale Name (Abbr) N Mean (SD) Range

Perceived VE Patient VE-VAS 52 60.27 mm (22.18) 12-99 mm

Perceived VE Patient OMNI-VES 52 6.77 (1.54) 4-10

Overall severity of voice quality Patient ADLD-0OS 52 68.65 mm (21.38) 15-100 mm

Voice-related quality of life Patient V-RQOL total 52 51.60 (17.33) 13-88

Voice-related quality of life Patient V-RQOL—physical 50 45.76 (21.10) 2-88

functioning domain

Overall severity of voice quality Clinician SLP-0S 39 47.91 mm (27.51) 4-94 mm
(k=1), absolute-agreement, two-way random-effects 100 - .
model for ratings from session 1. = 9 . 1

The average intrarater reliability of overall severity of S 0 . . 1
voice quality ratings across all 10 listeners (OS-SLP) from < . ? 1 1
session 1 to session 2 was good: mean r = 0.88.*” Interrater B : $ .
reliability was also good: ICC(2, 1)=0.85, 95% CI [0.78, - 4 O
0.91]. As a result, listener ratings were deemed adequate for g 5 T
interpretation and further statistical analyses. ? 40 . .
5 2 ! 9
RESULTS & g . .

Descriptive statistics 0
The means, SD, and range of scores for patient-rated o 1t 2 3 (m: ] \rbc’x?l’[‘[‘nrl Smlc 78 9 10

measures of VE, overall severity of voice quality (ADLD-
0S), and V-RQOL total and physical functioning domain
scores obtained from speakers with ADLD are presented in
Table 1. Means, standard deviation, and ranges also are
presented for 10 experienced listeners’ ratings of overall
severity of voice for 39 speakers with ADLD.

The mean VE-VAS rated by speakers with ADLD
(n=52) was 60.27 mm (SD =22.18 mm), consistent with a
moderate-to-severe perceived VE. The mean OMNI-VES
scores for speakers with ADLD (n=52) were 6.77
(SD=1.54), consistent with a perception of “somewhat
hard” VE. Ratings of overall severity of voice quality also
were obtained from 52 speakers with ADLD (ADLD-OS).
The mean ADLD-OS rating was  68.65mm
(SD =21.38 mm), consistent with the perception of severe
dysphonia.”® Speakers with ADLD also reported mean
standardized total scores of 51.60 (SD =17.33) and mean
physical functioning domain scores of 45.76 (SD =21.10)
on the V-RQOL, demonstrating moderate V-RQOL."
Finally, SLP listeners rated the subset of 39 speakers with
ADLD as having a mean overall voice quality severity
rating of 47.91 mm (SD =27.51 mm).

Relationship between measures of VE

There was a strong,” statistically significant correlation
(r=0.78, P < 0.001) between patient-perceived VE rated
on the VAS (VE-VAS) and scores on the OMNI-VES. The
line of best fit and the predicted variance score (+* = 0.67)
also demonstrate the strong linear relationship between the
two measures of VE (Figure 3).

FIGURE 3. Correlation between ratings of vocal effort using a
100-mm visual analog scale and the OMNI Vocal Effort Scale.

Relationships between VE and other patient-rated
measures

Ratings of perceived VE on the 100-mm VAS (VE-VAS)
were strongly”” and significantly related to self-rated se-
verity of voice quality (VE-VAS vs ADLD-OS; r=0.75,
P < 0.001). Similarly, patient-reported OMNI-VES scores
were strongly”” and significantly correlated with self-rated
severity of voice quality (r=0.85, P < 0.001). The lines of
best fit and the predicted variance scores for the VE-VAS
(* =0.65) and for the OMNI-VES (+* =0.64) demon-
strated strong linear relationships between self-perception
of voice quality and both measures of VE.

In contrast, a weak correlation’” was found between
patient-perceived VE on the VAS (VE-VAS) and standar-
dized V-RQOL total scores (r =—0.21, P > 0.05). The line
of best fit and the predicted variance score (> = 0.07) also
demonstrated the weak linear relationship between VE-
VAS and V-RQOL. A similarly weak® correlation was
found between the VE-VAS and the physical functioning
domain scale of the V-RQOL (r=-0.19, P > 0.05). A
weak, but significant, correlation was found between the
OMNI-VES and V-RQOL total scores (r=-0.37,
P =0.008). The line of best fit and the predicted variance
score (r* =0.13) demonstrated the weak linear relationship
between patient-perceived VE and V-RQOL. A more
moderate’” and significant correlation between the OMNI-
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VES and the physical functioning domain scale of the V-
RQOL (r=-0.44, P=0.002) was observed.

Relationships between VE and listeners’ perceptions
of overall severity of voice quality

VE scores were moderately’” and significantly related to
listeners’ perceptions of overall severity of voice quality
with both VE measures demonstrating similar relationships
with clinicians’ perceptual judgments (VE-VAS vs SLP-OS;
r=0.50, P < 0.001; OMNI-VES vs SLP-OS, r=0.57,
P < 0.001). That is, increases in perceived VE by speakers
with ADLD were associated with clinicians’ perceptions of
increased voice severity. The lines of best fit and the pre-
dicted variance scores for VE-VAS (+* =0.32) and OMNI-
VES (+* =0.35) also demonstrated weaker linear relation-
ships between these measures compared with speakers’ self-
ratings of voice quality.

DISCUSSION

VE is an important perceptual construct experienced by
individuals with ADLD during speech production.'’'"?%-#
It also is a meaningful treatment outcome measure for in-
dividuals with ADLD who receive regular BTX injections.’
Many different types of scales have been used to measure
perceived VE in ADLD, making it difficult to compare
results across studies. In addition, recent research groups
have recommended that perceived VE be measured directly
following a vocal activity because factors such as attention
and memory may affect perceptions of VE. Consequently,
this study examined the relationship between perceived VE
rated on a VAS and the OMNI-VES when these measures
were obtained directly after a vocal activity. We also
evaluated relationships between both measures of VE with
other patient- and clinician-rated voice measures to permit
comparison with existing literature.

In this study, speakers with ADLD, on average, rated
their VE as moderate to severe, rated their overall voice
quality as poor, and reported a moderate V-RQOL at the
time their data were obtained. Fifty out of 53 (94%) in-
dividuals regularly received BTX injections, and like many
previous studies, their data were collected at the end (or
near the end) of their regular BTX cycles when they were
most symptomatic. The average perceived VE score was 60-
mm, with speakers using a large range of the scale (range
12-99 mm). These VE ratings are similar to those reported
by Dwyer et al’’ for ADLD speakers whose data were also
collected just before their next BTX injections, and who
rated VE for face-to-face and telephone conversations
using 100-mm VAS (M = 54-mm conversation, M = 75-mm
telephone). However, although speakers in the current
study engaged in a vocal activity and were asked to anchor
VE ratings on the VAS to that activity, it is not known how
long it had been since speakers in the study by Dwyer
et al’” had engaged in a conversation face-to-face or on the
telephone at the time of data collection.

The average OMNI-VES score for speakers in this study
was 6.77 (SD=1.54), consistent with a perception of
“somewhat hard” VE (range 4-10). These scores are similar
to OMNI-VES scores (6.7 £ 1.6, range = 4-9) reported by
Dwyer et al.”” Average OMNI-VES scores in the current
study were slightly higher than the average for 178 ADLD
speakers (5.07 £ 2.18) in the original OMNI-VES valida-
tion study by Shoffel-Havakuk et al,'' in which speakers
completed the OMNI-VES before their voice recordings.
Despite methodological differences between studies that
included the OMNI-VES, the average OMNI-VES scores
reported by speakers with ADLD in this study were in-
creased compared with controls without voice disorders in
two previous studies, with no speakers with ADLD rating
VE as <4 in this study.'"*"

Most importantly, when speakers with ADLD in the
present study completed ratings of VE on two scales after a
vocal activity, their ratings of VE were strongly and sig-
nificantly correlated (r = 0.78), despite using different scales
and instructions for rating perceived VE (100-mm VAS
vs OMNI-VES). When using the VAS, speakers were asked
to anchor their ratings to the vocal activity (ie, a standard
reading passage). In contrast, speakers with ADLD in this
study completed the OMNI-VES using standard instruc-
tions to rate their “voice as it is today.” While it is un-
known whether speakers in this study used the same vocal
task as a referent for making OMNI-VES ratings as they
did when they used the VAS, it is noteworthy that ratings
were strongly correlated after speakers performed data
collection in this order. Whether OMNI-VES scores would
change in the same set of speakers before and after a vocal
activity or in response to varied speech tasks that elicit
increased symptoms in speakers with ADLD was not
measured and needs future study.

In patients with voice disorders, increased VE might re-
late to physiological mechanisms (eg, extrinsic laryngeal
tension, subglottal pressure), viscoelastic properties of the
vocal folds, and cognitive-emotional factors.””"** *° For
example, the task-specific involuntary intrinsic laryngeal
adductor contractions and subsequent elevated subglottic
pressure might contribute to increased VE in speakers with
ADLD."**"*° Increased supraglottic compression might
also result from an attempt to compensate for these in-
voluntary movements and contribute to VE.”**"** There is
also some evidence to suggest that laryngeal sensory feed-
back alterations might also be present in speakers with
ADLD." Finally, because factors such as mood, attention,
and memory have been shown to influence perceived VE, it
is important to investigate how order of evaluation tasks
might affect VE. How perceived VE relates to other pa-
tient- and clinician-rated voice measures may help elucidate
the importance of these effects on VE.'*!%¢

Relationship between VE and other patient-rated
measures

In addition to completing two measures of patient-perceived
VE, speakers with ADLD in this study rated their own
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overall severity of voice quality and completed the V-
RQOL. The results first showed that both VE measures were
strongly related to speakers’ ratings of their severity of voice
quality (rs =0.75-0.85), regardless of the scale used to mea-
sure VE. The strength of the relationship between patient-
perceived VE measures and their overall severity of voice
quality in this study was slightly stronger compared with
findings from Eadie et al'’ (r=0.67), who similarly used a
VAS to capture VE. Dwyer et al’” also reported a moderate-
to-strong relationship between ADLD patients’ self-rated
severity of voice breaks, as rated on a VAS, and OMNI-VES
scores (p = 0.58-0.82) pre BTX and post BTX, respectively.
Statistically significant correlations between changes in self-
rated severity of voice breaks and changes in OMNI-VES
scores post BTX were also observed (p = 0.69). The relatively
strong relationships between speakers’ perceptions of VE
and self-rated severity of voice quality are not surprising,
given that speakers with ADLD qualitatively report in-
creased VE with increased severity of dysphonia.” Yet, al-
though related, the bases of these percepts may be somewhat
different, for example, speakers have access to other kines-
thetic and physiologic information for making judgments of
VE that go beyond the acoustic signal.”™

Several patient-reported outcome measures, including the
V-RQOL and the VHI, were designed to measure V-RQOL.:
a multidimensional construct that may include physical,
social, emotional, and functional factors, among others.' ™
For example, the V-RQOL captures the physical functioning
and social-emotional consequences of a voice problem.”
Speakers with ADLD in this study, on average, demon-
strated moderate V-RQOL, with average V-RQOL scores
(51.60 £ 17.33) generally similar to the average scores re-
ported by Shoffel-Havakuk et al'' (46.97 + 29.21) and
Hogikyan et al'® (42.32 + 22.99) when these scores were
obtained just before repeated BTX injection. Further, results
from this study showed that relationships between measures
of VE and V-RQOL, measured on the V-RQOL, were weak
(rs=-0.21 to —0.37), regardless of the scale used to measure
VE. Shoffel-Havakuk et al'' similarly found a weak corre-
lation between OMNI-VES scores and V-RQOL scores
(t—b=-0.25).

In this study, the relationships between the two measures
of VE and V-RQOL were weaker than the relationship
previously reported by Eadie et al (r = 00.61), who used the
30-item VHI" to measure V-RQOL in ADLD speakers.'’
Baldner et al also reported a moderate correlation between
speakers’ perceptions of VE using the Borg category-ratio
10 scale, and V-RQOL using the VHI (r=0.54).”" Their
study included speakers with various types of voice dis-
orders, including laryngeal dystonia. This contrast in
findings might relate, in part, to use of different V-RQOL
tools. For example, the VHI (30-item version) includes
several items in the physical domain that may more closely
relate to VE, including items that are designed to measure a
speaker’s perception of strain as well as their effort to
speak. However, the questions included in the V-RQOL do
not directly address VE; this is one possible reason

somewhat stronger correlations might be expected between
speakers’ perceptions of VE and V-RQOL in studies that
use the VHI (30-item version) versus the V-RQOL."” Still,
others have failed to find consistently strong relationships
between perceived VE and V-RQOL, even when using the
single item on the VHI that targets it, suggesting that other
factors influence ratings on quality of life questionnaires.”’
This is likely because VE measures and V-RQOL instru-
ments measure different constructs. As complementary but
important voice measures, clinicians should continue to
include both types of measures when evaluating speakers
with ADLD.'"***

Relationships between VE and listeners’ perceptions
of overall severity of voice quality

In this study, experienced SLP listeners, on average, rated
speakers with ADLD as being moderately dysphonic™
(M =47.91 mm) using a 100-mm VAS. The ratings in this
study were similar to experienced listeners’ perceptions of
overall severity of voice quality in speakers with ADLD
reported by Eadie et al'’ and Dwyer et al’” (M = 47.2 mm),
before BTX. Interestingly, in this study, both patient-per-
ceived measures of VE were moderately related to clin-
icians’ perceptions of overall severity of voice quality
(rs =0.50-0.57) when both VE measures were obtained
after a vocal activity. These results contrast with those re-
ported in the original OMNI-VES validation study (t —
b=0.08), and those by Dwyer et al, who reported weak
relationships between changes in OMNI-VES scores and
changes in clinician-rated overall severity of voice and
strain (rs < 0.25).”

The strength of relationships between patient-perceived
VE and clinician-rated voice quality in the two studies
using the OMNI-VES to measure VE''~” in ADLD was
reduced compared with findings from the study by Eadie
et al'’ that used a VAS to measure VE. As such, variability
in these relationships’ strength might relate to differences in
the scales used for measuring VE (OMNI-VES vs VAS).
One other notable difference among these studies was the
order in which perceived VE was measured as part of the
voice assessment protocol. In the original OMNI-VES va-
lidation study, patient-perceived measures were obtained
before the standardized speech tasks.'' In the study by
Dwyer et al,” patient-reported measures were completed
after the speech tasks. However, some participants did not
complete all measures, and participants were allowed to
complete patient-reported measures within a 72-hour
window. In contrast, ADLD speakers in the study by Eadie
et al'’ rated perceived VE immediately after reviewing their
own speech recordings, and were explicitly instructed to
anchor VE ratings to the voice task.

Likewise, in the present study, speakers with ADLD
completed voice recordings and then were instructed to an-
chor VE ratings on the VAS to voice production during the
voice task. Although speakers in this study completed the
OMNI-VES according to standard instructions, their OMNI-
VES scores were also moderately related to clinician’s
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perceptions of overall severity of voice quality. These results
appear to support the contention that order of evaluation
tasks may impact OMNI-VES scores and/or affect the
strength of the relationship between OMNI-VES and clin-
icians’ perceptions of a speaker’s overall voice severity, par-
ticularly when both the speakers’ and listeners’ ratings may
have a similar referent. Findings from this study add to the
existing literature and strengthen the validity of VE measures
in speakers with ADLD. However, there are additional
sources of variability in VE measures that were not evaluated
in this study that warrant further investigation.

LIMITATIONS AND FUTURE DIRECTIONS

There are several limitations of this study. One of these lim-
itations relates to heterogeneity of the speakers with ADLD.
Due to sample size limitations, we were unable to evaluate the
effect of time since symptom onset, presence of concomitant
dystonic or essential vocal tremor, age, response to BTX, or
other factors on the results. In this study, the OMNI-VES and
VE-VAS were highly correlated and the strength of the re-
lationship between these both VE measures and auditory-per-
ceptual measures was similar. However, we did not control for
a possible order effect. That is, patient-perceived VE ratings on
the VAS were always obtained before the OMNI-VES.
Speakers rated the amount of VE required to produce voice
during the reading passage when using the VAS, whereas the
OMNI-VES instructed speakers to rate their perceived VE
when using their voice today. Hence, it is unknown whether
speakers rated VE as an “in the moment phenomena””” when
using the OMNI-VES rating scale, despite obtaining both VE
measures immediately after the same voice tasks. A second
major limitation relates to the interpretation of the results;
relationships were assessed using correlations, and therefore,
readers should be cautioned not to interpret a change in one
measure as causing a change in another measure.

Clinicians and researchers should be aware of potential
task and order effects when measuring perceived VE in
ADLD, regardless of the scale used to measure perceived
VE. Because factors such as memory, attention, or mood
may affect perceived VE, researchers recently re-
commended that such ratings “be made immediately fol-
lowing a vocal activity” (p. 517)."7 This recommendation
aligns with procedures used in the original OMNI scales
that measure perceived exertion directly following a phy-
sical task/set. Whether instructions on the OMNI-VES, in
particular, need revision should be a subject of further re-
search. In addition, future studies should continue to in-
vestigate whether there are advantages of one type of VE
scale over another (eg, psychometric properties, patient
preference, efficiency of measure, etc) when measuring
patient-perceived VE in ADLD.

CONCLUSION
Speakers with ADLD typically present with increased VE,
increased dysphonia, and moderate V-RQOL at the end of

their regular BTX cycle. However, although improved VE
is one important measure of treatment success, standar-
dized clinical measures of VE are lacking.'*> When pa-
tient-reported measures of VE are performed directly after
a vocal activity, they are moderately and strongly related to
clinicians’ and speakers’ auditory-perceptual voice ratings,
respectively. Measures of VE are weakly related to V-
RQOL measures, similar to results from prior studies.
These findings contribute to our understanding of the
convergent and discriminant validity of measures of VE.
The results are also useful for considering appropriate as-
sessment protocols for speakers with ADLD during their
BTX treatment cycle, as well as tracking the effects of
meaningful ADLD symptoms in individuals who choose
not to undergo BTX treatment.
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