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Summary: Objectives. To examine the effect of a vocal loading task on measures of vocal structure and func-
tion in females with benign vocal fold lesions (BVFLs) and determine if change is observed in voice and lesion
characteristics.

Study Design. Prospective cohort study.

Methods. Twenty-eight (n = 28) female subjects with phonotraumatic BVFLs completed a vocal loading task of
30 minutes of reading aloud at 75-85 dBA. Multidimensional voice evaluation was completed pre- and post-load,
including audio and videostroboscopy recordings and images for expert perceptual ratings and acoustic and aero-
dynamic evaluation. Subjects also scored themselves using a 10 cm visual analogue scale for Perceived Phonatory
Effort, and completed the Evaluation of Ability to Voice Easily, a 12 item self-report scale of current perceived
speaking voice function. An exploratory rather than confirmatory approach to data analysis was adopted. The
direction and magnitude of the change scores (pre- to post-load) for each individual, across a wide variety of
instrumental and self-report measures, were assessed against a Minimal Clinically Important Difference criteria.
Results. Observations of change and the direction of change in vocal response of individuals with BVFLs to 30
minutes of loud vocal load was variable. Minimal to no change was noted for participants pre- to post-load as
rated perceptually, for auditory and videostroboscopy samples. For most instrumental measures, change was
shown for many participants including an overall improvement in aerodynamic and acoustic measures of func-
tion and efficiency post-load for 20 participants (77%) and decline in function for 4 participants (15%). Self-
reported effort and vocal function post-load was multidirectional with similar numbers of participants reporting
no change, improved function or a decline.

Conclusion. Subjects with BVFLs demonstrate change in vocal function following 30 minutes of vocal load.
While this change can be variable and multidirectional, overall improvement was observed in instrumental meas-
ures of function and efficiency for most participants. Some participants perceived this change to be an increase in
effort, some a reduction in effort and some perceived no change. Improved vocal function despite relative lesion

stability can seemingly occur after loading in some pathological voices.
Key Words: Benign vocal fold lesion—Phonotrauma—Vocal load—Vocal loading task—Voice disorders.

INTRODUCTION

Vocal load is a term used to quantify voice use and is
derived from characteristics such as duration of phona-
tion time, loudness, pitch, quality and efficiency of voice
production,' and is also referred to as vocal demand.’
Vocal loading tasks (VLTs) have been designed and
implemented to study how the larynx responds to a con-
trolled high demand task, with similar loading tasks
used in sports medicine’ and other medical fields.* These
tasks vary in nature, provide insight regarding range of
function and can have diagnostic value. VLTs are used
to study how the larynx responds to stress, to challenge
the laryngeal mechanism, and in many studies are con-
sidered a negative stressor aimed to compromise laryn-
geal function and to result in observable fatigue.’
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Manipulation of extrinsic and intrinsic factors in an effort
to load the larynx and observe evidence of change in vocal
function has been explored in previous research.” Extrinsic
factors include background noise, room acoustics and caf-
feine consumption. Examples of intrinsic manipulation
include elevated intensity, altering vocal quality, or pro-
longed periods of reading or sustained vowels.”” Many
studies track potential vocal demand response using multi-
dimensional assessment, commonly including videostrobo-
scopic, aerodynamic, acoustic, and auditory-perceptual
evaluation in addition to a patient reported phonatory effort
scale or subjective self-rating on specific parameters.®''?

Benign vocal fold lesions (BVFLs) are laryngeal patholo-
gies that result in impaired voice production due to incom-
plete glottic closure, disturbed vibratory characteristics and
increased vocal fold mass."” They have commonly been
attributed to acute or repeated episodes of phonotrauma in
individuals with laryngeal structure potentially predisposed
to cumulative damage.'*'® While the genesis of these lesions
is not yet fully established, phonotraumatic BVFLs gener-
ally include nodules, polyps, pseudocysts and reactive
lesions.'® Typical symptoms include impaired vocal quality,
reduced pitch range, reduced vocal stamina, increased vocal
effort and throat discomfort.'” It is unknown whether
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patients with BVFLs present with stability in vocal function,
or if variability in the nature and degree of these associated
vocal symptoms across time and voicing contexts is experi-
enced. Such fluctuations would support a hypothesis that
the lesions themselves may vary in size and/or impact on
voice production. Vocal load has been suggested to be a
major influence on such potential fluctuations whereby an
increased vocal load can lead to increased phonotrauma
and lesion expression.'* It therefore follows that a reduction
in vocal load may reduce phonotrauma and minimise the
impact of a BVFL on vocal impairment symptoms. Indeed,
some voice therapy protocols call for varying degrees of
vocal conservation from complete voice rest to conservative
voice use.'*"”

Two previous studies have investigated the impact of a
VLT on voice characteristics in small samples of partici-
pants with one type of BVFL, vocal fold nodules. These
studies included aerodynamic, acoustic and self-report
measures however, to date, laryngeal examination has not
been implemented to assess the impact of VLTs on lesion
characteristics. While a small number differences were
observed in higher subglottic pressures and ratings of sub-
jective effort, in general, the majority of observed changes
in voice characteristics, such as increased sound pressure
level and fundamental frequency, and deterioration in vocal
quality were comparable between participants with nodules
and controls.' ">’ Remacle, Morsomme, Berrue and Finck '
implemented a 2-hour VLT at 70-75 dB with 16 partici-
pants, and their findings of a similar effect on both speakers
with and without BVFLs highlight that additional intrinsic
or extrinsic factors should be considered in the development
of loading tasks with this population. In Niebudek-Bogusz,
Kotylo and Sliwinska-Kowalska’s’’ study of dysphonic
female speakers, including 16 participants with nodules,
participants spoke over 80 dB of background noise for a 30
minute VLT. Their findings are difficult to translate to the
BVFL population given the heterogeneity of their cohort,
however a range of responses were observed in their group -
with deterioration, no change and improvement observa-
tions post load. The impact of VLTs for other groups of
dysphonic speakers have also been investigated in a small
number of studies, such as patients with paralysis and func-
tional dysphonia.”’*” The nature of vocal demand response
in participants with BVFLs and whether there are differen-
ces in response between those with or without BVFLs has
not yet been ascertained. This knowledge would seem criti-
cal to voice care management especially for guidelines
around thresholds of voice use for optimal vocal function —
how much, how loud, how high. This understanding has the
potential to reduce the risk of further phonotraumatic injury
leading to lesion progression and worsening of vocal
impairment symptoms.

Objective
To examine the effect of a VLT on measures of vocal struc-
ture and function in participants with BVFLs.

Research questions

1. Is change observed in measures of vocal function and
lesion characteristics in female speaks with BVFLs
after 30-minutes of a VLT at 75-85dBA?

2. Are observations consistent across the cohort, or is
there variability within the group?

3. Is the direction of change consistent across measures of
vocal function and lesion characteristics?

METHOD
Approval for the conduct of this study and subject recruit-
ment was obtained from the Monash University Human
Ethics Committee (project number 9681).

Subjects

In this prospective cohort study, 28 females with a diagnosis of
a BVFL were recruited via a private multi-disciplinary voice
clinic in Melbourne by convenience sample between October
2017 and May 2019. Patients with a diagnosis of BVFL were
provided a written invitation to participate in the study by their
treating ENT Surgeon or Speech Pathologist and participants
then contacted the researcher to express interest and consent to
participation. Demographic information for participants is pre-
sented in Table 1. Participants who identified themselves as
singers were varied in their main singing genre, and amateur
and professional status. Singers were considered trained if they
had undertaken tertiary education or had received more than
twenty 1:1 singing lessons. Baseline self-report scores for the
voice related quality of life tool, the Voice Symptom Scale
(VoiSS)™ are also presented. The median score of 46 (38.5,
57.5), indicating moderate impact, is consistent with previous
research of participants with BVFLs.”* The range of scores
from 13 to 79 indicates the self-perceived severity and impact
of dysphonia was broad within the cohort. VoiSS score was
evaluated to determine if a difference in self-perception of voice
impairment was evident for trained singers and the remaining
cohort. A Mann-Whitney U test revealed no significant differ-
ence in total scores for trained singers and the rest of the sample
group (U =127,z =144, P =0.159, r = 0.27).

Inclusion criteria

Diagnosis of BVFL via laryngeal stroboscopy by an Otolaryn-
gologist/Laryngologist was required for inclusion. BVFLs
were classified according to their clinical diagnosis and mor-
phology, and included pre nodular oedema, nodules, polyps
and pseudocysts. Participants were all non-smokers, perceived
themselves to be well hydrated and had no recognised risk fac-
tors such as excessive alcohol or caffeine consumption.

Exclusion criteria

Patients with a diagnosis of vocal fold cyst on stroboscopy
were excluded from this study as the distinct histopathologic
classification of epithelial lining surrounding the lesion dis-
tinguishes them from other types of phonotraumatic lesions
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TABLE 1.
Participant Characteristics
Age (years) Median (IQR) 29 (25-35.5)
Range 21-63
Age group 18-29 yrs 16 57%
30-39 yrs 8 29%
40-49 yrs 2 7%
50+ 2 7%
Primary Lesion/s Nodules 13 46%
Polyp/s 8 29%
Pseudocyst 6 21%
Pre nodular oedema 1 4%
Onset Sudden 10 36%
Progressive 18 64%
Time since onset 1-3 mo 4 14%
3-6 mo 2 7%
>6 mo 22 79%
Trained singer Yes 12 43%
No 16 57%
Voice Symptom Scale (VoiSS) Median (IQR) Min-Max Possible range
Total score 46 (38.5-57.5) 13-79 0-120
Impairment 29 (22.5-35.3) 11-40 0-60
Emotional 7 (3.5-12.8) 0-23 0-32
Physical 10 (7-13.5) 0-20 0-28
Median Min-Max
VoiSS total score by trained singer status Yes 42 31-79
No 52 13-69

and likely results in greater lesion stability. Three patients
presenting with evidence of vocal fold haemorrhage, varix
or marked hypervascularity were also excluded from this
study, as the researchers hypothesised the VLT had the
potential to increase the risk of further vascular trauma.
Patients with any concomitant diagnosis, such as paresis or
uncontrolled reflux, were excluded from this study.

Loading task protocol

The participant read aloud for a period of 30 minutes main-
taining an intensity of 75-85 dBA. This intensity level was
selected based on previous VLT literature, and with refer-
ence to an intensity level above the normal range of mean
speaking SPL for Australian female speakers (mean 69.75
+/-2.78 dB) to present a vocal challenge to participants.”>
No training was provided to the participant. The Vocal
Loading Test module of lingWAVES voice analysis pro-
gram was implemented (WEVOSYS Medical Technology,
Baunach, Germany). The lingWAVES system consists of
software and standardized recording hardware, USB
connector and a pre calibrated and certified sound level
meter. The hardware provides sound level data in real time
to the software program and allows the participant and
researcher to track dBA visually. The module was set to 30
minutes with minimum and maximum thresholds of 75
dBA to 85 dBA. A tone sounded each time the participant
dropped below the minimum level, or exceeded the

maximum threshold. The participant completed the task
standing, with a distance of 30 cm from mouth to micro-
phone. While participants were instructed to cease the task
if they experienced discomfort, all participants completed
the 30 minutes VLT. Participants were permitted to sip
water during the VLT as desired, though the majority of
participants chose not to do so.

When elevated intensity is employed in a VLT, there is
evidence a duration greater than 1 hour is required for
observable changes in function with normophonic speak-
ers.” Given this was a novel investigation of a treatment
seeking participant group with a range of BVFLs and the
first study to use stroboscopy to examine the effect of a
VLT on lesion characteristics and laryngeal function, a
more conservative duration of 30 minutes was selected.

Evaluation protocol
Participants completed a multidimensional voice evaluation
before and immediately after their vocal loading tasks.

Perceptual evaluation

Voice recording was performed using the Voice Protocol
module of lingWAVES voice analysis program. Voice sam-
ples were recorded using a WEVOSYS SPL meter micro-
phone positioned 30 cm from the participant’s mouth in a
quiet room with ambient noise of 30 dBA. Participants read
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the first paragraph of “The Rainbow Passage” (Fairbank,
1960). Due to software error, one post load voice recording
was not able to be included. A total of 27 pairs of pre- and
post-loading reading samples were collated in random pre-
post/post-pre order, with 10% (3 pairs) repeated for inter-
and intra-rater reliability assessment. The reading samples
were rated by three Speech Pathologists with a minimum of
16 years clinical experience in voice. The raters completed a
calibration session with five voice samples not from this
study and discussed the specific parameters for evaluation.
Samples were then individually rated using the 6 point Per-
ceptual Voice Profile (PVP) scale’® ranging from normal to
severe for three selected parameters: breathy, rough and
strain. A global rating was also given for each pair of sam-
ples; raters scored the second sample of each pair as same,
improved or worse compared to the first sample.

Videostroboscopy

Laryngeal videostrobscopy was performed and recorded
using Xion EndostrobE with 70 degree rigid scope and Digi-
tal Video Archive Software (DiVAS) version 2.5 (XION
GmbH, Berlin, Germany). Participants made their best
effort to complete /i/ sustained for 5-7 seconds at comfort-
able pitch and loudness, high pitch, low pitch, loud and
soft. Pre- and post-recordings were made for a total of 27
participants as one participant was excluded from this task
as she was unable to tolerate rigid stroboscopy.

Recordings were reviewed by the primary investigator
and collated for evaluation. A still image of maximal abduc-
tion and a minimum of 5 seconds of vibration at comfort-
able pitch and loudness were selected, with additional best
segments of high, low, loud and soft voicing at similar fre-
quency (Hz) and intensity (dB) levels pre- and post-load.
Stroboscopy videos for one participant were excluded as the
minimum 5 seconds of continuous voicing at comfortable
pitch and loudness was not achieved. Still images of maxi-
mal vocal fold abduction for evaluation of lesion character-
istics were not obtained for another participant. Therefore a
total of 26 pairs of pre- and post-loading recordings and still
images were collated in random pre-post/post-pre order and
10% were repeated for inter- and intra-rater reliability
assessment. Recordings and images were evaluated by four
blinded, expert raters: two Laryngologists and two Speech
Pathologists. Raters scored the second sample of each set as
no change, worse or improved compared to the first sample
on three parameters; vocal fold closure, vibratory character-
istics and lesion characteristics. Raters were provided with
two pairs of videos and still images for calibration and rated
the examples along with a guide rating form.

Aerodynamic evaluation

The KayPENTAX Phonatory Aerodynamic System (PAS)
Model 6600 (Kay PENTAX Corp, Lincoln Park, NJ) was
used for aerodynamic recordings. The Voicing Efficiency
module was completed with three sets of 5-7 serial repeti-
tions of /pa/ at comfortable pitch and loudness for

evaluation of glottal airflow during voicing (Flow) (L/s) and
mean peak air pressure/estimated mean subglottic pressure
(Psub) (cm H20), with an average value calculated. Phona-
tion threshold pressure (PTP) (cm H20) was evaluated in
the same module but with 5-7 repetitions of /pa/ at softest
voicing without whispering. An average value from the 3-5
smallest consecutive and regular peaks was calculated for
PTP ensuring voicing was achieved for each repetition. The
Maximum Sustained Phonation module was completed for
evaluation of phonation time (MPT) (s) and expiratory vol-
ume (EV) (L), and a consistent instruction was provided to
participants to sustain /a/ vowel for as long as possible with
encouragement during the task to continue to maximum
duration. Due to software error, one post-load recording
for Flow, Psub and MPT, and two recordings of EV were
unable to be included.

Acoustic evaluation

Voice recordings for acoustic analysis were performed using
the Voice Protocol module of lingWAVES voice analysis
program pre- and post-loading task. Participants provided
three repetitions of 5 second sustained /a/ vowel for glottal
to noise excitation ratio (GNE) calculation. Glissandos
from modal to highest pitch, and modal to lowest pitch on
vowels /a/, /i/, and /u/ were provided to evaluate minimum
f0 (min f0), maximum fO (max f0) and semitone range (SR).
Finally, mean fundamental frequency (mean f0) and mean
intensity (SPL) were obtained from the reading of the first
paragraph of the Rainbow Passage (Fairbank, 1960). A
total of 27 pairs of pre- and post-loading voice recordings
were collated as one post-load voice recording was not able
to be included due to software error.

Subjective self-rating

Participants scored themselves using a 10 cm visual ana-
logue scale (VAS) for Perceived Phonatory Effort (PPE) —
with “very easy” and “very effortful” marking each end of
the scale. In addition all participants completed the Evalua-
tion of Ability to Voice Easily (EAVE), a newly developed
and validated 12 item self-report scale of current perceived
speaking voice function.”’

Statistics

As the aim of this study was to explore the impact of vocal
loading on a variety of different parameters, no directional
hypotheses were specified. In this context it was decided
that the use of inferential Null Hypothesis Statistical Testing
(NHST) techniques would not be appropriate, and an
exploratory, rather than confirmatory, approach was
adopted. A review by Balluerka, Gémez and Hidalgo”® rec-
ommended that graphical techniques be utilised by all
researchers as they provide “essential information to get a
better understanding of the set of data in hand” (p. 66).
Consistent with this advice, a series of spaghetti plots (plot-
ting each person’s pre- and post-loading scores as separate
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lines) were generated to explore the direction and magnitude
of change. On a substantial number of parameters assessed,
these plots showed some subjects recording an increase in
scores from pre- to post-load and others a decrease. This dif-
ferential response to load identified by the plots suggested
that group-based NHST statistical techniques were not
appropriate. However, inspection of change scores at the
individual, rather than group level, allowed detection of
both the direction of the change and the magnitude.

In addition to the output data for instrumental measures,
minimal clinically important difference (MCID) values were
set for each parameter to assess the change scores. The selec-
tion of MCIDs was primarily determined by a distribution-
based approach using published normative data, applying a
relatively conservative one standard deviation of the normal
mean to represent a MCID, with further consideration of the
clinical application of the parameter by the researchers to
establish a value.”*”*" Where normative data was not avail-
able, previous use of the parameter in the VLT literature
informed this selection, such as an MCID for PTP which was
based on previous reports of a statistically significant increase
for female speakers at comfortable voicing at approximately
0.75cm/H20.*** To date there have been no published MCID
values for aerodynamic or acoustic voice analysis parameters.
MCIDs allow investigation of minimal values at which a
patient may note change or benefit in function allowing mean-
ingful clinical interpretation and were considered more appro-
priate with a small sample size.”** Change scores were
calculated by subtracting scores for each parameter collected
post-loading from those obtained prior to the loading task.
Data was evaluated using SPSS Version 27 and group descrip-
tive statistics are stated as median and interquartile range as
data was non parametric.

RESULTS

Reliability
Perceptual ratings

Intra-rater reliability. An intraclass correlation coeffi-
cient (ICC) model 3 was used to evaluate intra-rater reliabil-
ity for the perceptual ratings using the PVP parameters
breathy, strain and rough with raters representing a fixed
effect and samples a random effect.’® Raters presented with
good to excellent intra-rater reliability (rater 1 ICC 0.95, P
< 0.001; rater 2 ICC 0.81, P < 0.001; rater 3 ICC 0.89, P <
0.001). Percentage agreement was calculated to ensure sta-
tistical analysis of ICC was reflective of clinical implementa-
tion of the PVP and agreement was determined to be a
rating within +/- 1 on the 6-point scale. Percentage agree-
ment was reflective of the ICC values obtained (rater 1
100%, rater 2 94%, rater 3 94%). For global perceptual rat-
ing of “no change,” “better” or “worse” post loading, a per-
centage agreement was calculated for the three repeated
pairs. Rater 2 presented with 100% agreement with ratings,
while rater 1 and 3 had one consistent rating among the
three repeated pairs and therefore excluded from further
analysis of this data.

Inter-rater reliability. An ICC model 3 was used to
evaluate the inter-rater reliability of the PVP parameters.*®
Strain and rough were found to have good reliability
between raters (strain ICC 0.80 P < 0.001; rough ICC 0.86
P < 0.001), while breathy was found to have poor agree-
ment (breathy ICC 0.530 P < 0.001). Percentage agreement
was calculated and was reflective of the ICC values obtained
(breathy 54%, strain 72%, rough 81%).

Stroboscopy ratings

Intra-rater reliability. A percentage agreement was cal-
culated to evaluate intra-rater reliability for stroboscopy rat-
ings. Rater 4 reached 100% agreement on repeated samples of
video ratings of closure pattern and vibratory characteristics,
while raters 1, 2 and 3 each reached 50% agreement. Rater 4
was therefore the only rater included in further analysis. For
ratings of lesion characteristics from still images both rater 3
and 4 had 100% agreement on repeated samples. Rater 1 and
2 were excluded from further analysis of this data, with 66%
agreement on repeated samples.

Inter-rater reliability. An ICC model 3 was used to eval-
uate inter-rater reliability of lesion characteristic ratings from
rater 3 and 4. The ICC value (ICC 0.51, P = 0.026) and subse-
quent percentage agreement (58%) were both poor therefore
this data was not included in further analysis.

Results

Perceptual

A MCID of +/- 1 scale degree was applied to this data to
evaluate whether change was observed for individuals post
load. Six (22%) of the strain ratings exceeded MCID post
load, with 3 (11%) rated with less strain, and 3 (11%) with
more strain. Two (7%) post load rough ratings exceeded
MCID with one sample rated as less rough, and one rated
as more rough. Seventy-seven percent of voice samples were
rated with no change in strain post load and 93% with no
change in roughness post load. Finally, using the global per-
ceptual rating, Rater 2 rated 12 (44%) of post load samples
as the “same” as post load, 12 (44%) were rated as better
post load and 3 (11%) as worse.

Stroboscopy

Videos. The majority of post load videos were rated
with no change on vibratory characteristics or glottal clo-
sure. Seven (27%) participants were rated with a positive
change in vibration post load and none were rated as worse.
Six (23%) participants were rated with improved glottic clo-
sure post load and 1 (4%) with worse closure. Seventy-three
percent of stroboscopy videos were rated with no change
post load for vibration and glottic closure.

Still images. Due to poor inter-rater reliability on this rat-
ing task, no analysis of this data is presented. It should be
noted that there was no evidence of acute bleeding or overt
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IMAGE 1. Participant 15 pre- and post-loading with increased redness surrounding the right vocal fold lesion.

vascular trauma post loading. At the time of stroboscopy
recording, the principal researcher noted participant 15 pre-
sented with a mild increase in redness or inflammation in the
vocal fold tissue surrounding her right vocal fold lesion post
loading (Image 1). This was not noted in any other participant.
All other lesion presentations were deemed by the researcher
to be similar pre- and post-loading and two further sets of stro-
boscopy images are provided as typical examples of pre- and
post-loading images (Image 2 and 3).

Aerodynamic measures

Descriptive data for aerodynamic measures are presented in
Table 2. The difference between pre- and post-load aerody-
namic measures was calculated and each individual score
checked to see if a MCID was exceeded to represent change
versus no change. Less than 50% (n = 12) of participants
had post load difference in scores that exceeded the MCID
for the parameter Psub, with near even numbers for partici-
pants with a decrease (n = 7) and increase (n = 5) in post

load score demonstrating that change post load was multidi-
rectional. EV demonstrated little change post load, with
23% (n = 6) of post load scores exceeding MCID. Three par-
ticipants presented with a decrease in score and three with
an increase. For measures Flow, PTP and MPT greater
than 50% of participants exceeded the MCID indicating the
majority of participants presented with change post load. A
trend in direction of change was observed for these three
parameters with a majority of participants demonstrating
decrease in Flow (n = 11) and PTP (n = 13) and an increase
in MPT (n = 13). Exploration of the difference in individual
and group scores using spaghetti plots for the parameters
Psub and PTP are provided in Figures | and 2, further dem-
onstrating the multi directional nature of post load change.
The magnitude of change was explored by plotting the dif-
ference in scores from pre- to post-load, with the greatest
magnitude observed for parameters PTP and MPT, pre-
sented in Figures 3 and 4. The range of post load difference
in score is presented in Table 2; <0 indicates a lower score
and >0 a higher score post load.

IMAGE 2. Participant 16 pre- and post-loading.
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Acoustic measures

Descriptive data for acoustic measures are presented in
Table 3. Individual scores across acoustic measures were
evaluated and the difference between pre- to post-load
scores checked to see if a MCID was exceeded. Min f0 dem-
onstrated minimal change post load, with 19% (n = 5) of
participants’ post load difference in scores exceeding the
MCID. A decrease in min fO0 was observed for two partici-
pants and an increase for three. While only 37% (n = 10) of
participants had a difference in post load mean f0 that
exceeded the MCID, all 10 demonstrated an increase on
this parameter and the pattern of individual pre- to post-
load change on this parameters are presented in Figure 5.
The majority of participants presented with change post
load on measures max fO and SR range, with 78% (n = 21)
and 56% (n = 15) of participants exceeding the MCID on
these parameters respectively. While this change was some-
what multidirectional, a trend was observed with the major-
ity of participants demonstrating an increase in max f0
(n = 14, 52%) and SR post load (n = 11, 41%). A trend in
the direction of change for GNE and SPL was also

TABLE 2.

IMAGE 3. Participant 13 pre- and post-loading.

observed. Thirty-seven percent (n = 10) of participants pre-
sented with a decrease in GNE post load, and 7% (n = 2) an
increase. Finally, the 48% of participants that exceeded the
MCID for SPL all presented with an increase post load
(n = 13). Spaghetti plots depicting individual scores for the
parameters mean f0 and GNE are provided in Figures 5
and 6, and the difference in pre- to post-load SR score is pre-
sented in Figure 7. The range of post load difference in score
for acoustic parameters is presented in Table 2, and SR was
observed to have the greatest magnitude of change
(Figure 7).

Participant self-reported measures

Participants completed PPE 10 cm VAS and the EAVE pre-
and post-load to evaluate self-perception of phonatory
effort and vocal function. The difference in individual pre-
to post-load scores was calculated to determine if the
MCID value was exceeded. Descriptive, MCID and range
of difference data are presented in Table 4. Sixty-four per-
cent (n = 18) of participants had post load scores that

Median, Interquartile Range, MCID and Difference Data for Pre- and Post-Loading Aerodynamic Measures

Variable Median IQR MCID n NoChange Change Decrease Range of Difference
Increase

Flow ml/s Pre 0.25 0.19,0.34  +/-0.056 27 12 (44%) 15(56%) 11 (41%) -0.05-0.19
Post 0.23 0.19, 0.28 4(15%) 0.05-0.1

Psub cm H20 Pre 10.02 9.09, 13.08 +-1 27 15 (56%) 12 (44%) 7 (26%) -1.14 to -5.52
Post 10.25 7.75,11.88 5(19%) 1.23-2.86

PTP  cm H20 Pre 4.02 2.79,5.37 +/-0.75 28 12 (43%) 16 (57%) 13 (46%) -0.81to -3.34
Post 3.82 1.97,5.26 3(11%) 1.05-1.45

MPT  sec Pre 12.31 10.27, 16.43 +/-2 27 11 (41%) 16 (59%) 3(11%) -2.45to -3.96
Post 14,55  11.61, 20.89 13 (48%) 2.38-13.34

EV L Pre 2.76 2.25, 3.40 +/-0.5 26 20 (77%) 6 (23%) 3(12%) -0.61to -1
Post 2.87 2.46, 3.37 3(12%) 0.62-2.23
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Pre- and Post-Load Estimated Subglottic Pressure (Psub)
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FIGURE 1. Individual participant pre- and post-load subglottic pressure (Psub).
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FIGURE 2. Individual participant pre- and post-load phonation threshold pressure (PTP).

exceeded the MCID for both PPE and EAVE. This differ-
ence in score was multidirectional, with similar numbers of
participants showing an increase, decrease, or no change in
score post load.

Patterns of MCID change for participants across
instrumental parameters
As previously described, the calculation of MCID to
explore meaningful change versus no change was under-
taken for individuals across all 13 instrumental and self-
report parameters. A range of outcomes were observed.

The direction of potential change (according to MCID)
from pre- to post-load for individual participants was then

compared for six key variables to assess consistency. Varia-
bles were excluded where the direction of change is not a
clear improvement or decline in function; including EV, f0
measures and SPL. This data is presented in Table 5. The
direction of change for individual participants across key
aerodynamic variables of Flow, Psub, PTP and MPT, was
generally consistent with 70% of participants (n = 19) dem-
onstrating overall improved function, 11% (n = 3) no to
minimal change and 19% (n = 5) negative change. Similarly,
on the key acoustic variables SR and GNE, 50% (n = 13) of
participants demonstrated overall improved function, 44%
(n = 12) no to minimal change, and 7% (n = 2) negative
change. The relationship between these two sets of instru-
mental measures for individuals was reasonable with 77%
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FIGURE 3. Range of difference in pre- to post-load participant scores for phonation threshold pressure (PTP), 0 indicates a lower score

and >0 a higher score post load.
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FIGURE 4. Range of difference in pre- to post-load participant scores for maximum phonation time (MPT), 0 indicates a lower score and

>0 a higher score post load.

(n = 20) participants showing overall improved function, 8%
(n = 2) no to minimal change, and 15% (n = 4) a negative
change post load. MCID findings for self-report measures
PPE and EAVE are included for review in Table 5, with less
agreement noted between the self-report and instrumental
measures regarding the direction of change for participants.

DISCUSSION
The results of this study demonstrate that observed change
and direction of change in the vocal response of individuals
with BVFLs to 30 minutes of loud vocal load can be vari-
able. Minimal to no change was noted for participants pre-
to post-load as rated perceptually for auditory and

videostroboscopy samples. This would suggest that the
impact of this loading task on vocal quality, vocal fold
vibration, glottic closure and on the lesions was minimal or
that potential change on these parameters is subtle and chal-
lenging to interpret consistently by expert raters. In con-
trast, change in most instrumental measures of vocal
function was found and, although some worsened, for the
majority of participants these changes were in a positive
direction. The overall improvement observed for partici-
pants in many aerodynamic and acoustic measures of func-
tion and efficiency is novel and merits further consideration.

Previous studies regarding the effects of load on vocal
function have differed to our study in their findings on
aerodynamic and acoustic outcomes. Specifically, for
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FIGURE 5. Individual participant pre- and post-load mean fundamental frequency (mean f0).
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FIGURE 6. Individual participant pre- and post-load glottic to noise excitation ratio (GNE).

example, rather than the improvement indicated by a
decrease found for the majority of our participants, an
increase in PTP in normophonic subjects has been com-
monly observed once loading tasks are sustained for 30
minutes or more, or in shorter tasks with additional intrin-
sic loading factors.’”*”*® Also, Aronsson, Bohman, Tern-
strom and Sodersten’ found significantly higher subglottic
pressure (Psub) in their study of 10 females with vocal nod-
ules compared to a control group after 90 seconds of read-
ing in four levels of increasing background noise whereas
increased SPL, f0 and subjective rating of strain were
found for both groups. Remacle, Morsomme, Berrue and
Finck'' compared the effect of a 2-hour reading task at 70-
75 dB on 16 female teachers with vocal nodules to normo-
phonic teachers. Their results demonstrated similar findings
for both groups with an increase in self perceived effort,

fatigue and discomfort, progressive increase in f0, fre-
quency range and SPL, and increase in Psub. Teachers
with nodules had higher Psub and lower frequency range
but otherwise responded comparably to the normophonic
group to the VLT. Of interest, aerodynamic measures
appeared to improve and stabilise only after 1 hour of
loading for both groups which was postulated to be the
result of adaptation to task or improved efficiency. These
previous findings are also different to the current study
whereby post load change in Psub was variable with small
numbers of participants presenting with increased (N = 5)
and decreased (N = 7) Psub but the majority of partici-
pants (N = 15) not changing.

Although the results of previous studies are difficult to
compare to the current study, due to differences in the
design of the VLT in terms of the task requirements and



964.e11 Journal of Voice, Vol. 38, No. 4, 2024

8 duration, they do seem to highlight that vocal function as
S ® measured by aerodynamic and acoustic parameters can
o ) N . . . . .
L 5 ® oS3 8 change after loading. Given that the direction of this change
q E S I ¢ R g e ¢ can be positive, these results may provide further evidence
S g N N = (‘Q':_ :;- for an overall adaptation to task, training effects, or
=] S improved efficiency post load in some participants with
K BVFLs. Another possible post load outcome may be a sub-
tle increase in vocal fold oedema, leading to improved vocal
o fold closure, and in turn, improvement in aerodynamic
Z measures with reduced glottal flow. This subtle or subclini-
Q) . . .
L =~ eSS =~ cal increase in oedema may not be perceptible on strobo-
% o é ;f R § § °\._: %\Q § § s § scopy even by expert raters. Interestingly, unlike
§ § PN ‘;:— \2— § ‘j;- E § N 5 Sundarrgjan, Huber and Sivasan.kar.” who reported an
5 increase in lung volumes post loading in younger adult par-
I ticipants (18-23 years), an increase in MPT without an
increase in EV was observed in this study. This finding fur-
ol= - ther supports improved glottic closure post load and is in
o[ X ¥ ¥ ¥ ¥ keeping with the report by Remacle, Morsomme, Berrue
_‘CC" © 2 - e 3 3 and Finck."!
ol v & 2 & 2 An increase in mean f0 and SPL has been consistently
observed in response to VLTs in normophonic speakers and
ol . _ . in participants with BVFLs.”'"*" Remacle, Morsomme,
c § X R § s 8 Berrue and Finck'' hypothesised that an increase in mean
Sle = 8 = © © f0 is likely due to increased muscle tension in the larynx or
ol 2 = ] o & 2 3 peri-larynx and results from stiffness of muscle or vocal fold
g cover rather than tissue changes or increased oedema where
] one might expect a decrease in mean f0. Remacle, Finck,
§ |8 8§ N 8§ & & Roche and Morsomme*! observed an increase in mean f0,
© max f0 and fO range as load increased, with these parame-
§ ©o © o o ters measuring significantly higher in a 70- to 75-dB session
S g ¢ ¢ ¢ compared with the 60- to 65-dB session. The findings of this
‘; g 'g 'g 'GEJ g study of a higher mean f0, max f0, SR and SPL for many
._g S|le o o o « participants are consistent with the literature. In addition,
S T L Y29 the principal researcher noted an improved glissando task
o S A A performance post load with reduced phonation breaks.
3 In summary, the aerodynamic and acoustic data suggest
% PERER e 1S that consistent improvement was observed for most partici-
s - = § = & g § 20 § g E E pants. Perhaps surprisingly, despite the presence of BVFLs,
=] DR R NN loading seemed to have a positive effect on vocal function
Ll TS AN®ONO® for many participants according to these instrumental meas-
o MOMN— S O O O < © , . . ,
= N~ ®N®E S © © ures and, for these speakers, may indicate a laryngeal or
i phonatory adaptation to this loading task or improved effi-
g c ciency of voice production post loading. Also, on investiga-
= S5SR¥hH 3 N 2953 tion of individual participants’ performance across
E § § g %’ %_? § § NN parameters, the direction of change was generally consistent
€ across ta.sks.. . . o
Q Four individuals presented with an observed decline in
£ 080808080808 function post load across instrumental measures (P3, P15,
% o B (Bl fob (B (E (o (o o (o (o [ P27, P28). On review of specific characteristics of these par-
= ticipants, it was noted three of four were not trained singers
o N s and all had bilateral lesion presentations (P15, P27 nodules;
g I T =T o P3, P28 left pseudocysts and right reactive lesions). Two of
£ these participants (P27, P28) rated themselves as worse post
®w ol ofo 5 load on self-report measures. Videostroboscopic still images
HE[ 2 & € of vocal fold abduction for P15 are presented in Image 1,
mT| =S c x = . . . .
< § 8 § s S x 5 o and show increased redness/inflammation post load. This

negative change in lesion characteristics is therefore
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FIGURE 7. Range of difference in pre- to post-load participants scores for semitone range (SR), <0 indicates a lower score and >0 a higher

score post load.

consistent with the findings of decline on instrumental meas-
ures for this participant. Baseline VOISS and EAVE scores
for P15 were also both above the 75th percentile for the
group, indicative of a higher self-perceived severity of vocal
effort and impairment, though interestingly she did not per-
ceive an increase in effort or decline in function post load.
Previous findings regarding the direction of change
in PPE post load have not been consistent. Laukkanen,
Jarvinen, Artkoski, Waaramaa-Maki-Kulmala, Kankare,
Sippola, Syrja and Salo'’ found participants with previ-
ous voice training self-reported improved throat symp-
toms after 30 minutes of a loading task. Aronsson,
Bohman, Ternstrom and Sodersten’ found increased self-
rating of strain for both controls and participants with
nodules after short 90 second loading tasks at four
increasing levels of background noise, and similarly
Remacle, Morsomme, Berrue and Finck'' found an
increase in self perceived effort, fatigue and discomfort
for teachers who were normophonic and for those with
vocal nodules. The results of PPE in this study were mul-
tidirectional, with 18 (64%) participants showing a
MCID of +/- 1 cm post load in both positive and nega-
tive directions. Similarly, 18 (64%) participants perceived
either a positive or negative change in the physical

TABLE 4.

aspects of their speaking voice according to MCID score
post load on the EAVE. Therefore the consistency of
findings for both PPE and EAVE suggest that many par-
ticipants with BVFLs did perceive change after loading,
for some an improvement and others a decline.

The multidirectional outcomes on self-report of effort and
vocal function post load is in contrast to the generally positive
changes shown in instrumental measures of vocal function.
While the instrumental data suggests improved efficiency after
loading, some participants perceived this change to be an
increase in effort and decline in vocal function. Certainly,
while instrumental measures provide insight into vocal func-
tion, they do not necessarily inform us how hard a speaker is
working to achieve best voice for the task. Discrepancy
between self-report and objective parameters of vocal function
has previously been described” and highlights the multidimen-
sional nature and complexity of voice measurement.

A strength of this study is in the exploratory analysis
approach taken which yielded unexpected results and could
have important implications for future clinical research in
this area. Potentially, there may be previous pre/post loading
studies that have concluded “no statistically significant differ-
ence” but they might have included cases which showed both
positive and negative change scores, which cancelled out at

Median, Interquartile Range and MCID Values for Pre- and Post-Loading Participant Self-Reported Measures

Variable Median IQR MCID n NoChange Change Decreaselncrease Range of Difference
PPE cm Pre 3.30 173,683 +/-1cm 28 10(36%) 18(64%) 11(39%) -1.3to -5.1
Post 4.50 1.43,7.55 7 (25%) 1.4-3.5
EAVE Score Pre 25.5 24, 33 +/-3 28 10(36%) 18(64%) 8(29%) -3to-11
/48 Post 26.0 22.25,32.75 10 (36%) 3-7




TABLE 5.
MCID Representation for Aerodynamic, Acoustic and Self-Reported Measures: +/- Indicates Improved or Declined Function, Blank no Change and NA Missing
Data

ID Aerodynamic Measures Acoustic Measures Aerodynamic Acoustic Instrumental Self-Report Measures
Fow Psub  PTP  MPT SR GNE Overall Overall Overall PPE EAVE

1 - + + + + + + + +

3 + - - - - + +

4 - + + - + + + +

5 + + + + + + - -

6 + + + + + +

7 + - + + + + + +

9 + + - + + + - -

10 - + + + + + +

11 NA NA + NA + NA

13 + + +

15 - - - -

16 + + + + + + +

17 + + NA + +

18 + + + + + + - +

19 + + + + + + - -

20 + + - + + + + - -

21 + - + + + - -

22 + + + + + - + + - +

23 NA NA NA NA -

24 - + - + + +

25 + + + + + + +

27 + - - - - - -

28 - - - - - -

29 + + + + + + + + + -

30 + + + + +

31 + + + + + + + +

32 + + + +

33 - + - + -

Improved sum 19 (70%) 13 (50%) 20 (77%) 7 (25%) 10 (38%)

Worse sum 5 (19%) 2 (7%) 4 (15%) 11 (39%) 8(29%)

No change 3(11%) 12 (44%) 2 (8%) 10 (38%) 10 (38%)

€L9196

$20Z ‘v "ON ‘SE "|OA ‘@210 4O [euinof
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the group level. Although the majority of researchers in this
topic area have utilised a traditional null hypothesis statisti-
cal testing (NHST) approach to the analysis of data, there is
a growing literature raising serious concerns about the
appropriateness and usefulness of these techniques. Some
reviews go so far as to suggest that NHST generated statisti-
cal techniques have been “applied ritualistically and mind-
lessly as the dominant doctrine”,*” and that this dependence
may have “retarded the growth of cumulative knowledge”.**
Lakens™ concluded his review of this topic by suggesting it
is important for researchers to carefully consider “what it is
we actually want to know” (p. 645) and to ensure techniques
and interpretations of results are appropriate.

Limitations and future directions

Inter-rater reliability for the parameter “breathy” was found
to be poor in this study. While this finding is not widely
reported in the literature, similar challenges utilising this
parameter to evaluate change post load have been
described.”” In the current study, no calibration of voice
recordings for loudness pre- and post-loading was made.
This was a deliberate decision as an increase in loudness was
anticipated post load and masking this change through cali-
bration would impact on expert raters’ perception of change.
It is possible that the significant increase in intensity impacted
expert perception of breathiness. For the global perceptual
rating we found poor intra-rater reliability. In retrospect, this
task requiring perceptual judgement of potentially subtle
quality differences was novel and it may have warranted
group discussion for consensus prior to rating, in order to
establish perceptual anchors.*® Similarly intra-rater and
inter-rater reliability for stroboscopy videos and still images
were generally poor. Again, this may highlight inherent diffi-
culty rating subtle or minimal, if any, differences in form and
function of pathology across two samples. For future studies,
the implementation of structured rating tools or discussion
between raters to reach a consensus may be a more successful
way to approach this data. In addition the possibility of
response bias should be considered when implementing per-
ceptual analysis of pre- and post-stimulus observations. This
study attempted to control for response bias by randomising
the order or pre- and post-load voice and stroboscopy record-
ings, including the order of repeated samples for intra-rater
reliability. Given that so few samples were rated as changed
post load, order effect was not analysed further but is an
important consideration in future research.

It is possible that the findings of change in instrumental
measures of vocal function were due to inter-test measure-
ment differences or training effects associated with repeating
the same vocal tasks. The use of the MCIDs would however
negate the likelihood of this as instructions did not differ
and all participants had completed the tasks prior to
involvement in this study. Establishing robust MCID values
in this study was attempted using a combination of a distri-
bution-based method using normative data, clinical applica-
tion of parameters and previous use of parameters in the

loading literature. The selected values may have been too
low, resulting in parameters presenting as inaccurately sensi-
tive to change. This should be considered in interpretation
of results, and certainly future work on establishing reliable
MCID values for voice research is needed.

Previous research has not shown consistent changes in
stroboscopic findings in normophonic subjects post load.
After vocal load, Linville'” found inconsistent changes in
glottic configuration for participants, Solomon and Di Mat-
tia’® showed spindle-shaped glottic closure post load in
three of four participants whereas Stemple, Stanley and
Lee'” found an anterior glottic chink in 6 of 10 subjects who
did not present with this glottic gap pre load. Given the par-
ticipants in our study generally presented with hourglass
glottic closure patterns secondary to BVFLs, previous stro-
boscopy findings on normophonic subjects are likely not
applicable. There have been no known previous studies
using videostroboscopy to evaluate post load change with
the BVFLs population.

A relatively high number of professional voice users were
recruited to this study including 12 participants who were
trained singers. While aerodynamic and acoustic evaluation
presents data that may be considered objective, these analy-
ses are taken from functional voicing activities. It is hypoth-
esised that professional voice users may have skill at
masking the impact of BVFLs on vocal function assessed by
these activities. Additionally professional voice users likely
present with higher thresholds for vocal load.” Given the
cohort of this study included more singers than in previous
studies, it may in part explain why a positive response to
loading was observed in instrumental measures. Of note, no
pattern of difference was observed within the singer group,
according to trained status or whether a professional singer,
or between singers and the rest of the cohort across all
parameters, with similar variability in response to loading
for both groups. A similar observation was made in a study
Laukkanen, Jarvinen, Artkoski, Waaramaa-Maki-Kul-
mala, Kankare, Sippola, Syrja and Salo'’ where previous
training did not correlate with acoustic or self-report out-
come measures following a 45-minute VLT. While no differ-
ences were found in this study, this may be evident with a
larger sample size and warrants future study.

The VLT utilised was of a relatively conservative dura-
tion, given this was a study with a novel participant group.
If the design of a VLT increased in duration or if additional
intrinsic or extrinsic factors were implemented, evidence of
vocal fatigue may well be observed. Further investigation of
potential thresholds of vocal load is needed for participants
with BVFLs and for normophonic speakers.

Designing a VLT that results in a consistent vocal
response across speakers can be challenging in both normo-
phonic and pathological sample groups and this study has
proven no exception. A speaker’s individual response to
BVFL, pattern of vocal stamina and resilience are likely to
be impacted by many factors and therefore variability in
immediate vocal demand response to a VLT is anticipated.
Some individuals may increase loudness in an efficient
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manner resulting in little to no change or improvement in
observable measures of vocal function. Others may perform
with less efficiency and present with lower thresholds before
fatigue is observed. This variability of response was
observed in the current study, certainly in some measures
more than others, highlighting both the need to explore
individual responses and to use multiple measures to
further our understanding of the effect of loading on vocal
function.

CONCLUSION

Participants with BVFLs demonstrate change in vocal func-
tion following 30 minutes of vocal load. Some participants
perceived this change to be an increase in effort, some a
reduction in effort and some perceived no change. While
this change can be variable and multidirectional, overall
improvement in instrumental measures of function and effi-
ciency was observed for many participants. Lesion charac-
teristics and vocal fold closure and vibration generally were
not observed to change post load, or if change occurred this
was likely to be subtle.

The clinical implications of this study’s findings for treat-
ment-seeking patients with BVFLs are somewhat surprising
and suggest that recommendations for conservative voice
use and relative vocal rest may not be necessary for certain
individuals. Our results support the notion of evaluating
individual response to increased vocal load or vocal demand
when required, and where positive response is observed
there may be value in further training for these speakers to
use their voice well in these contexts. Although the cumula-
tive effects of repeated loading for people with BVFLs have
not been investigated in this study, further exploration of
the potential to achieve sustained improvement across time
in vocal function and in lesion characteristics (or even possi-
ble resolution) is warranted.

This study highlights the complexity of investigating
vocal load and function and that immediate responses to
vocal loading differ amongst individuals with BVFLs. The
improvement in instrumental measures post load in this
study suggest that controlled vocal load may have an imme-
diate positive impact on vocal function for some patients
with BVFLs. Further research is needed to determine the
thresholds beyond which vocal load or vocal demand may
result in decline in vocal function and physiology. At the
very least, it would seem that clinical recommendations to
reduce continuous vocal load for all people with established
BVFL may not be universally well-founded without further
exploration of an individual’s threshold for change and the
nature of their response. Indeed, to the contrary, improved
vocal function and relative lesion stability can seemingly
occur after loading in some pathological voices.
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