
Vocal Loading and Recovery

Whitling, Susanna

2016

Document Version:
Publisher's PDF, also known as Version of record

Link to publication

Citation for published version (APA):
Whitling, S. (2016). Vocal Loading and Recovery Lund: Lund University, Faculty of Medicine

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.

 • Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain
 • You may freely distribute the URL identifying the publication in the public portal
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

http://portal.research.lu.se/portal/en/publications/vocal-loading-and-recovery(6029f8a2-9556-420f-a213-4c0c2123ecde).html








 
 

Organization 
LUND UNIVERSITY 

Document name 
DOCTORAL DISSERTATION 

Faculty of Medicine, Clinical 
Sciences Lund,  

Date of issue 
2 December, 2016 

Author 
SUSANNA WHITLING 

Sponsoring organization 
AFA Insurance 

Title and subtitle 
Vocal Loading and Recovery 
Abstract 
          It is important to refine clinical instruments in order to adequately diagnose and relieve patients 
suffering from voice disorders. There has of yet been little evidence for how to best care for people who 
struggle to make themselves heard in noisy environments. There has been no evidence to show what 
benefits vocal recovery following phonomicrosurgery, when absolute voice rest is compared to relative 
voice rest with immediate onset following surgery. This dissertation focuses on vocal behaviour during 
heavy vocal loading and vocal recovery, in patients diagnosed with functional dysphonia and in patients 
with benign organic lesions in the vocal fold mucosa.  
          Paper 1 presents successful methodological development of a clinical vocal loading task, setup in 
order to cause vocal fatigue in voice healthy participants through enhanced vocal effort. The task applies 
heavy vocal loading by loud reading in a noisy environment and is terminated when participants sense 
vocal fatigue. Paper 2 examines vocal behaviour in female patients with functional dysphonia compared 
to women on a spectrum of functional voice problems, comparing vocal behaviour in three conditions: 
(1) a vocal loading task, (2) work, (3) leisure. The study showed that heavy vocal loading may be 
associated with high pitch phonation and that patients with functional dysphonia self-report voice 
problems all through the day, not only during work. Paper 3 compares vocal loading effects and vocal 
recovery from heavy vocal loading in the same groups as Paper 2. Results show greater detrimental 
impact from vocal loading and slower short-time recovery for patients with functional dysphonia. Paper 4 
is a blind, randomised study, comparing absolute and relative voice rest following phonomicrosurgery in 
patients with benign lesions in the vocal fold mucosa. This study applies the vocal loading task to assess 
vocal stamina. Results show that relative voice rest is more beneficial than absolute voice rest, especially 
regarding compliance, and self-assessments of vocal function. Papers 1, 2 and 4 apply long-time voice 
accumulation by voice dosimetry and a voice health questionnaire, to track vocal behaviour. In Paper 4 
voice accumulation used to track patient compliance with voice rest recommendations.  
          Conclusions: (1) Patients with functional dysphonia are more vulnerable than others in a context 
of heavy vocal loading. Their vocal function is worse affected and they recover more slowly compared 
to others. Care should be given to arm these patients with coping skills during loud speech. (2) 
Absolute voice rest is not complied with by patients following phonomicrosurgery. (3) Relative voice 
rest may be beneficial for long-time vocal recovery following phonomicrosurgery of benign lesions in 
the vocal fold mucosa. Absolute voice rest, i.e. silence, is not recommended. (4) The concept of vocal 
loading is reinforced by measurements of reaction to heavy vocal loading and of recovery time 
following said loading. 
Key words: vocal loading; vocal recovery; functional dysphonia; voice rest; voice accumulation 

Classification system and/or index terms (if any) 
Supplementary bibliographical information Language: English 

 
ISSN and key title: 1652-8220, Lund University, Faculty of 
Medicine, Doctoral Dissertation Series 2016:143 

ISBN 978-91-7619-370-9 

Recipient’s notes Number of pages Price 

 Security classification 

I, the undersigned, being the copyright owner of the abstract of the above-mentioned dissertation, hereby grant 
to all reference sourcespermission to publish and disseminate the abstract of the above-mentioned 
dissertation. 

 

Signature    Date 2 December 2016  

177











1



2



3



4



5



6



7



8



9



10



11



12



13



14



15



16



17



18



19



20



21



22



23



24



25



26



27



28



29



30



31



32



33



34



35



36



37



38



39



40



41



42



43



44



45



46



47



48



49



50



51



52



53



54



55



56



57



58



59



60



61



62



63



64



65



66



67



68



69



70



71



72



73



74



75



76



77



78



79



80



81



82



83



84



85



86



87



88







Design of a Clinical Vocal Loading Test With
Long-Time Measurement of Voice

* Susanna Whitling, * ,†Roland Rydell, and * Viveka Lyberg �Ahlander, *yLund, Sweden

Summary: Objectives. The aim of this study was to design a clinical vocal loading task (VLT) and to track vocal
loading and recovery in voice-healthy subjects.
Study Design. Pilot study.
Methods. Voice-healthy subjects (six female, Þve male) took part in a controlled VLT in the voice clinic. The VLT
was designed to induce vocal fatigue. The subjects read aloud while making themselves heard through ambient speech-
babble aired at 85 dB sound pressure level (SPL). Reading was terminated by the subjects when or if they felt any
discomfort from the throat. The subjects wore a voice accumulator and Þlled out a voice activity questionnaire 1 day
preceding and for 2 days following the VLT. Expert panels assessed vocal quality and laryngeal physiology from
recordings.
Results. The subjects endured the VLT for 3Ð30 minutes. All subjects perceived vocal loading in the VLT. All subjects
raised the fundamental frequency and SPL of their speech during the VLT. No match was shown between assessment of
voice quality and laryngeal physiology. The subjects showed phonation quotients of 64Ð82% in the task. Measurements
of phonation threshold pressure (PTP) were unstable and were not used. Self-perceived vocal loading receded after
24 hours.
Conclusions. An authentic vocal load was simulated through the chosen method. Onset and recovery from self-
perceived vocal loading was traceable through the voice activity questionnaire. The range of endurance in the VLT
was an unexpected Þnding, indicating the complexity of vocal loading.
Key Words: Vocal loading taskÐVocal recoveryÐLong-time measurement of voiceÐClinical voice assessment.

INTRODUCTION
In literature covering vocal loading, this concept is deÞned by a
combination of prolonged voice use with added loading factors,
such as high phonation at high sound pressure levels (SPLs).
These factors may affect fundamental frequency, loudness,
phonation modality, and/or laryngeal features, such as vibratory
characteristics of the vocal folds or the external frame of the
larynx.1

Prolonged voice use is commonly regarded as one of the most
relevant factors in functional voice disorders.2,3 Similarly we
expect prolonged voice use to cause vocal fatigue also in
voice-healthy subjects. Assuming typical loudness, the healthy,
adult voice is expected to be fatigued after roughly 4Ð6 hours
of use.4,5 Numerous studies have tested vocal loading in voice-
healthy subjects,6Ð15however a test of 4Ð6 hours is impractical
to perform and administer in a clinical or laboratory setting.6

Many studies have documented increased fundamental fre-
quency and speech SPLs following vocal loading. This vocal
behavior may follow the principle of the Lombard effect, which
entails an involuntary rise of speaking pitch and loudness as a
speaker strives to increase vocal audibility in ambient noise.16

This has been regarded as adequate adaptation to loading11,17,18

and has also been interpreted as being part of the voice functionÕs
circadian rhythm.18

Objective changes to the phonatory function are often sought in
tests of vocal loading. It has been examined by many,2,6,7,9Ð15,17Ð40

with little conformity,41 making cross-study comparisons difÞ-
cult.21 In laboratory settings a time-limit has traditionally been
set for intersubject comparability.2,6,25,38

It is essential to investigate symptom-based signs of vocal fa-
tigue. By letting subjects phonate at high SPLs for a prolonged
period of time in a controlled environment the vocal function
can be studied for indirect evidence of vocal fatigue, before
and after vocal loading. No previous studies have let subjects
themselves set the time-limit for a controlled vocal loading
task (VLT) to gain knowledge of what amount of increased
phonation loudness will induce vocal fatigue. Asking subjects
about the condition of their own voice is of great importance
when assessing voice problems based on vocal fatigue. Solo-
mon,41 p. 254, argues that researchers and clinicians need to
agree that vocal fatigue is a symptom-based voice problem,
stemming from the self-report of an increased sense of effort
with prolonged phonation, that is, symptoms voice profes-
sionals can neither hear, nor see.

The use of voice accumulation along with voice activity
questionnaires could verify vocal loading and trace it from
onset to regression. Although vocal behavior and spontaneous
vocal load have been examined in the Þeld through several
different methods and for varying amounts of time,8,19,42Ð47

the progression of controlled vocal loading has not yet been
tracked through long-time voice accumulation.

Objectives
This pilot study was aimed to design a VLT which by extension
should be possible to use in diagnostics of voice disorders.
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Another aim is to track onset of vocal loading and vocal
recovery.

The task was aimed to induce vocal fatigue in voice-healthy
subjects by letting them read loudly until they perceive discom-
fort from the throat. Increased phonation loudness and vocal
fatigue were tracked to observe objective changes in vocal
acoustics and physiology following controlled vocal loading.
Self-assessment was used to provide information on how the
subjects experienced the program.

We wanted to learn how this method affects the subjectsÕ
time of participation, self-assessment of vocal function, funda-
mental frequency, speech SPL, perceived voice quality, and
vocal fold physiology.

Method queries

� How do we design a VLT which is suitable for the voice
clinic and which allows subjects to set the time limit for
increased speaking loudness?

� How can recovery processes from potential vocal load/
strain inßicted on voice-healthy individuals by a VLT be
tracked?

Hypotheses

� The VLT will cause the subjects to experience vocal
fatigue.

� Vocal recovery processes are traceable through voice accu-
mulation and a structured voice activity questionnaire.

METHODS
In this study voice-healthy individuals were tracked during four
working days with a VLT taking place midway. Processes
involved in recovery from vocal loading have in previous
research been tracked through self-evaluation of voice func-
tion.14 The controlled vocal loading in this study was meant
to represent vocal load accumulated over time, here compressed
into a reading task of a maximum of 30 minutes in length. To
learn more about what amount of increased phonation loudness
will induce vocal fatigue in voice-healthy subjects, a timing
aspect was also introduced, whereby the subjects themselves
discontinued phonation if and when they perceived any discom-
fort from the throat while phonating.

Subjects
In total n¼ 11 subjects took part in this pilot study. Five male
(mean age 37 years, range 28Ð55 years) and six female (mean
age 36 years, range 28Ð47 years) were recruited among col-
leagues and friends through verbal inquiry and agreement.
The subjects all had to meet the following requirements: adult
(>18 years), voice-healthy, nonsmokers with or without vocal
training. The exclusion criteria were: children (� 17 years),
laryngeal pathologies, smokers, and professional singers. Vocal
health was determined by oral interviews on medical history,
carried out by the Þrst author (S.W.) followed by a phoniatrical
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laryngeal examination, carried out by the second author (R.R.).
To reßect a variety of typical voices, the amount and nature of
vocal training varied among the subjects. No professional
singers were recruited. Some subjects had undergone singing
voice training (n¼ 4) and some had trained speaking voices
(n ¼ 5). Three of the subjects had received no vocal training.
The subjects underwent pure tone audiological screening at
� 20 dB SPL at 250 Hz, 500 Hz, 1 kHz, 4 kHz, and 8 kHz.
All had normal hearing results. Demographics on the subjects
are shown inTable 1.

Tracking vocal load and recovery
AVLT was preceded and followed by pre- (baseline) and post-
referential audio voice recordings, measurements of phonation
threshold pressure (PTP), and by laryngeal digital imaging. All
voice recordings and the VLT took place in a double-walled
soundproof booth (complying with the maximum permissible
ambient SPL as speciÞed in ISO 8252Ð1). They were recorded
and lead by the Þrst author (S.W.). Laryngeal digital imaging
was carried out by the second author (R.R.), in a neighboring
examination room. Follow-up recordings were made 2 days af-
ter the VLT. Objective tracking of voice production was carried
out using a voice accumulator for four consecutive days, the
VLT taking place on day 2. Subjective changes to the voice
function of each subject were tracked using a structured voice
activity questionnaire, designed for the study, throughout the
voice accumulation process. Fundamental changes to speech
tend not to occur when recordings made during the daytime
are compared.48 All recordings in this study were made before
5 PM For logistic reasons the recordings and digital imaging
were made at different times of the day for the different sub-
jects, however the times were maintained from before VLT re-
cordings to follow-up recordings for each subject. Assessments
of digital imaging and perceptual voice assessments were car-
ried out by other voice professionals than the authors of this
study. The digital imaging was assessed by three phoniatricians
and the perceptual voice quality assessments were made by
three speech-language pathologists specialized in voice care.
None of the professionals knew the aims of the study. An over-
view of the VLT process is presented inFigure 1.

Vocal loading task
A controlled VLT was designed speciÞcally for this study, to
induce vocal fatigue in voice-healthy subjects. Each subject
was required to read a randomly chosen passage from a hand-
book in audiology out loud. They were asked to make them-
selves heard though ambient noise, aired over a loudspeaker
(HQ Power; model VDSABS8A; Vellerman NV, Gavere,
Belgium) placed 1.5 m behind them. Each subject was in-
structed to keep reading and to terminate the reading when/if
they felt any discomfort from the throat. If failing to make
themselves heard they were prompted by the test-leader
(S.W.) to speak louder, indicated by test-leader spreading her
arms and mouthing ÔÔstarkareÕÕ (ÔÔlouderÕÕ).

The Swedish Work Health Authority has set a time limit for
exposure to noise in the work place at 85 dB SPL for a
maximum of 8 hours. Not knowing what other levels of noise

the subjects would be exposed to during the day of the VLT,
a time limit of 30 minutes was set for the loading task to avoid
impairing the subjectsÕ hearing49 and to make the task perform-
able time-wise. The time limit was known to the subjects before
they started reading.

Ambient noise
The noise consisted of ANL multi-talker speech-babble noise
with 12 North American speakers. The noise was retrieved
from the ofÞcial AND CD (Arizona Travelodge; Cosmos
Distributing Inc., Torrence, CA). It is identical to the noise
used in the revised speech-in-noise test by Bilger et al,
1979.50 Its long-time average spectrum does not differ signiÞ-
cantly from Swedish babble. Giving the subjects a chance to
adapt to the noise, they started reading in the otherwise silent
booth. The ambient noise started airing at 55 dB SPL after
45 seconds, doubling in perceived loudness, by 10 dB
SPL51,52every 10 seconds, until 85 dB SPL was reached after
30 seconds. The starting point at 55 dB SPL is the
recommended background level for example a classroom,
providing 99% speech intelligibility.53,54 The SPLs were
calibrated using an integrating-averaging sound level meter
(type 2240, no. 00240502; Br uel & Kj¾r, Denmark).

Individual capacity of phonatory SPL
The VLT required the subjects to be able to phonate at� 85 dB
SPL (the SPL of the ambient noise in the VLT). To control for
each subjectÕs ability to phonate at high SPL, comparisons were
made between SPL levels from maximum phonetograms (voice
range proÞles, VRP), SPL values of phonation in the VLT, ex-
tracted from VoxLog, and a general comparison of maximum
SPL from VRP to 85 dB SPL. As fundamental frequency tends
to rise with increased SPL of speech,16 the value of mean funda-
mental frequency from the VLT, extracted from VoxLog, was
used as a reference point, at which correlating SPL levels
were examined for each subject.

The VRPs were performed with the subjects sitting down,
wearing a head-mounted microphone (MKE 2, no 09_1,

FIGURE 1. Process ßowchart describing the VLT.
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Sennheiser,en-de.sennheiser.com/), calibrated at 94 dB SPL, at
a distance of 15 cm from the mouth (converted to 30 cm from
the mouth). In accordance with guidelines laid down by the Eu-
ropean Union of Phoniatricians, the signal was converted to
equal 30 cm from the mouth.55 Recordings were made on a
real-time phonetograph;Phog Interactive Phonetography
System 2.5for PC (Hitech Medical, T aby, Sweden). The sub-
jects phonated with glissandos on [a:], trying to cover as large
an area as possible in frequency and SPL. They started phona-
tion at habitual levels and were free to take the time they
needed. All instructions were given by the Þrst author (S.W.).
The VRPs were recorded close in time to the VLT, however,
not within the 4 days of the process, not to inßict added vocal
fatigue.

Audio voice recordings
A standard passage (The North wind and the Sun) of approxi-
mately 45 seconds was read in Swedish. For these recordings
the same microphone was used in the same way as for the
VRP (previously mentionted).

Analyses of audio recordings. The voice signal was digi-
tized at 16 kHz with 16 bit resolution. The signal was retrieved
and examined for fundamental frequency (mean, mode, and
standard deviation) and speech SPLs (mean, mode, standard
deviation) usingSoundswell Core 4.0and Soundswell Voice
4.0 (Hitech development). Real-time phonetograms (Speech
Range ProÞles, SRP) were retrieved and examined for funda-
mental frequency and speech SPL range using Phog. Interactive
Phonetography System 2.5 for PC(Hitech development).

Information on voice source (spectral tilt) was obtained
through long-time average spectra (LTAS),49 ad modum
�Ahlander et al56 (based on L ofqvist and Mandersson57).

Voice quality assessments (blind) from before and after VLT
recordings were made by an expert panel of three experienced
speech and language pathologists, specialized in voice care.
The panel made consensus decisions when rating each stimulus,

they sat as long as they wanted (ca 2.5 hours) and they were able
to listen to each stimulus multiple times. Once they had
assessed a recording, they were not allowed to return to it.
The assessments were madead modumSVEA (Stockholm
Voice Evaluation Approach), with 100 mm Visual Analog
Scales, which were manually analyzed on paper. 0¼ unaf-
fected, 100¼ deviant in the greatest possible manner. The
degrees of the following parameters were assessed: hyperfunc-
tion; breathiness; instability; roughness; glottal fry; sonorance;
affected voice/overall voice condition. The panel also assessed
which of the before and after VLT voice recording they judged
to be more deviant from typical voice quality. All speech-
language pathologists were unaware of which audio recording
was recorded before or after the VLT.

Assessment of laryngeal digital imaging
A digital documentation system was used for laryngeal digital
imaging (HRES Endocam, model 5562.9 color; Wolf, Ger-
many) with a 70� rigid endoscope. High resolution mode was
used for imaging for evaluation of overall morphology, symme-
try, adduction and abduction of the vocal folds. High-speed
mode (4000 frames per second for female subjects, 2000 frames
per second for male subjects) was used for imaging for evalua-
tion of mode and symmetry of vibration on the glottal level. Of
the 11 subjects, nine performed the examination without local
anesthetic, one male and one female subject each required
1 ml of 40 mg/ml Lidocaine hydrochloride APP. All recordings
were made by one of the authors (R.R.), who did none of the
subsequent assessments.

The pre- and post-VLT digital imaging was assessed by an
expert panel of three phoniatricians. The panel made consensus
decisions when rating each stimulus, they sat as long as they
wanted (ca 2.5 hours) and they were able to look at each stim-
ulus multiple times. Once they had assessed a recording they
were not allowed to return to it. Glottal open quotient was
assessed from kymograms derived from the high speed digital
imaging. Table 2 shows the qualitative parameters were

TABLE 2.
Described Qualitative Parameters From Digital Laryngeal Imaging Recorded Before and After the Vocal Loading Task,
Assessed by a Panel of Three Phoniatricians

Glottal shape Shape of vocal folds and opening between vocal folds
Glottal regularity Regularity of vocal folds and opening between vocal folds
Morphological alteration Overall deviation from typical morphology
Adduction right vocal fold Right vocal foldÕs motion toward middle of glottis
Adduction left vocal fold Left vocal foldÕs motion toward middle of glottis
Abduction right vocal fold Right vocal foldÕs motion from middle of glottis
Abduction left vocal fold Left vocal foldÕs motion from middle of glottis
Wave amplitude right vocal fold Size of mucosal wave in right vocal fold
Wave amplitude left vocal fold Size of mucosal wave in left vocal fold
Wave propagation right vocal fold Dispersion of mucosal wave in right vocal fold
Wave propagation left vocal fold Dispersion of mucosal wave in left vocal fold
Phase difference Difference in wave amplitude and propagation of the vocal folds
Right vestibular fold Activity in right vestibular fold
Left vestibular fold Activity in left vestibular fold
Corniculate symmetry phonation Symmetry of corniculate tubercles during phonation
Corniculate symmetry rest Symmetry of corniculate tubercles during rest

Journal of Voice, Vol. 29, No. 2, 2015261.e16



assessed in line with Lyberg�Ahlander et al (2012).58 The panel
also assessed which of the before and after VLT laryngeal dig-
ital imaging they judged to be more deviant from typical vocal
physiology. All phoniatricians were unaware of which imaging
was recorded prior to or following the VLT. The assessments
were made, according to clinical routine, by grading each
parameter with numbers 0Ð3 (0¼ unaffected, 1¼ slightly
deviant, 2¼ moderately deviant, 3¼ highly deviant).

Phonation threshold pressure
The PTP is the minimum pressure drop required to achieve
phonation when air passes through the glottis from the lungs
and is normally 2Ð3 cm H2O.51 Values for intraoral air pressure
and those for PTP have been assessed to be consistent. (Holm-
berg 1980, L ofqvist et al 1982, Smitheran and Hixon 1981).
PTP was estimated from measurements of intraoral air pressure
using the Phonatory Aerodynamic System (PAS, model 6600;
KayPENTAX, New Jersey). The PAS is compiled by hardware,
a handheld module with a mask covering the mouth and nose,
and by software for PC.

Estimates for intraoral air pressure were calculated by using
the software protocol for voicing efÞciency. The intraoral air
pressure was measured through a narrow plastic tube, placed
between the lips during phonation on the aspirated, syllable
[pha]. The syllable was repeated Þve times with voicing ranging
from a whisper to soft phonation. After acquiring data, the tran-
sition from a whisper to soft phonation was determined through
contours of fundamental frequency and SPL in the PAS soft-
ware. To allow for a mean value to be calculated this procedure
is repeated three times for each session. All measurements of
PTP were made by the Þrst author (S.W.).

Voice accumulation
To objectively track voice production, including vocal loading
and recovery processes we used the portable voice accumulator
VoxLog developed by SonVox AB (Ume�a, Sweden). The voice
activity questionnaire was used in order to make accumulated
voice data comprehensive. Each subject wore VoxLog and
logged their activities in the voice activity questionnaires for
four consecutive days: 1 day before VLT, the day of the task
and 2 days following the VLT.

VoxLog. The system consists of a voice meter (11,53 8 3 2
cm) covered with black plastic and a neck collar containing an
accelerometer and a microphone,Figure 2. The accelerometer
provides information on fundamental frequency, cycle dose
and phonation time quotient. The acoustic speech signal of
the bearer is never recorded. Fast Fourier transform approach
is used to extract fundamental frequency from the accelerom-
eter signal. Local maxima in the spectrum, spectral peaks,
that fulÞll a power criterion based on the global maximum,
are selected as candidates for fundamental frequency. Among
these, the peak of lowest frequency whose power, together
with the power of its Þrst few harmonics, S1, S2 and S3, exceed
a certain quotient of the total power of the signal, is selected as
the Þnal estimate for fundamental frequency.

The SPL of the voice and the environment noise are calcu-
lated using a built-in microphone. The accelerometer signal is

used to determine whether phonation is present in the current
speech frame, based on a moving average of the signal power.
If phonation is registered, the SPL measured by the microphone
is regarded as voice SPL (otherwise as noise). The reported
value of the voice SPL is as measured at the location where
the sensor is worn, ie, no conversion to SPL at 15 or 30 cm is
made. Analyses of VoxLog data were made in appertaining
software,VoxLog Connect(SonVox AB, Ume�a, Sweden). Ab-
solute numbers were extracted toMicrosoft Excel(Microsoft,
Redmond, WA).VoxLog Connectdoes not provide standard de-
viation of fundamental frequency or SPL values.

Voice activity questionnaire. To track subjective experi-
ence of vocal loading, vocal strain, and recovery processes a
study speciÞc structured voice activity questionnaire (based
on Lyberg�Ahlander et al, 2014) was used throughout the voice
accumulation. The questions are based on the Voice Handicap
Index, VHI.59 To enable data from the voice accumulation to
be matched with the voice activity questionnaire, it was crucial
for the subjects to note the time of their entries, to be able to tell
when activities were performed. The subjects were instructed to
Þll out the questionnaire as soon as they carried out any activity.
The questionnaire was meant to give the examiner information
of what kind of activities the subjects took part in, if the activ-
ities entailed work or leisure and how the subjects assessed their
voice function and quality throughout the days. For the latter, a
100-mm visual analog scale was used, marking ÔÔhow the voice
feels right nowÕÕ, ranging from ÔÔno voice problemsÕÕ, to
ÔÔmaximum voice problems.ÕÕ The subjects were instructed to
Þll out the questionnaire as often as they wanted, at a minimum
of four times per day. For further information, the following
voice questions (from VHI-T Lund60) were Þlled out, answers
were given on a 4-point scale (0¼ none, 1¼ somewhat,
2 ¼ moderately, and 3¼ high): Does your voice feel tired?;
Does your voice fail you during speech?; Are you having difÞ-
culty making yourself heard?; Do you need to clear your
throat?; Do you need to cough?; Is your throat sore?; Does
your throat feel tense?; Are you hoarse?; How is your current
stress level?; Do you have enough air to speak? The voice activ-
ity questionnaire ended on three questions evaluating the voice
accumulation experience as a whole: Did anything unusual
occur with your voice during the voice accumulation? Did

FIGURE 2. VoxLog hardware. Accumulation device and neck collar
with built-in microphone and accelerometer, SonVox AB.
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your voice change in any way during the voice accumulation?
How have you slept between the measured days?

What was your experience of wearing the voice
accumulator?

Statistics
Nonparametric tests have been used because of the small samples
tested. This small statistical examination is meant merely to com-
plement the qualitative analysis of this VLT. Changes in mean
fundamental frequency, mean SPL and mean PTP were explored
statistically, using the Wilcoxon signed rank test to compare
means across groups. Alpha (a) levels were set atP< 0.05. Effect
size follows Cohen (1992), showing small effect-size at 0.1,
medium effect-size at 0.3, and large effect-size at 0.5.61 Funda-
mental frequency was compared among female subjects
(n ¼ 6) and male subjects (n¼ 5), with the two groups separated
(as groups F and M). Mean SPL and mean PTP were explored in
all subjects as one group (n¼ 11). All statistical data were
computed usingSPSS 21(SPSS, Inc., Chicago, IL). Increase or
decrease in different values are accounted for in percentage of
values attained before vocal loading.

Research ethical approval
The study was approved by the Regional Ethical Review Board
in Lund, Sweden on April 25, 2013 (#2013/174).

RESULTS
Results from female and male subjects will mostly be presented
separately in order of endurance in the VLT.

Time in VLT
Each subject was told to keep reading aloud, trying to make
themselves heard.Figure 3shows the times for loud reading
in the VLT. Two of the subjects: S2 (female) and S8 (male)
endured the maximum time of 30 minutes in the VLT. The
mean time for endurance for all subjects was 14 minutes. The
median time for all subjects was 11 minutes. The range of times
was 3Ð30 minutes. For female subjects (n¼ 6), the mean time
for endurance was 15 minutes, median: 11, range: 9Ð30 minutes.
For male subjects (n¼ 5), the mean time for endurance was
13 minutes, median: 11 minutes, range: 3Ð30 minutes.

Individual capacity of phonatory SPL
SPL ability in VRP was compared with mean SPL in the VLTat
the corresponding value mean frequency in the VLT for each
subject (n¼ 11). Their SPL output in the VLT ranged from
88Ð100% of their SPL capacity in the VRP at a given funda-
mental frequency. Maximum SPL from the VRP was compared
with 85 dB SPL at the mean fundamental frequency of the VLT
for each subject. This showed capacity to exceed 85 dB SPL
with 7Ð25% (Table 3).

Changes in self-assessed vocal function after VLT
None of the subjects reported high scores in their voice activity
questionnaires from their Þeld measurements preceding the
VLT. The subjects stated different reasons for withdrawing
from the VLT; however, they all (n¼ 11) felt some discomfort
from the throat. Some reported feeling tired from the noise
(n ¼ 2), some withdrew, stating that they could have continued
a little longer (n¼ 2). None of the voice-healthy subjects re-
ported any voice problems before the VLT. The voice activity
questionnaires were Þlled out freely, ie, not all at the same
occurrence, which is why the results cannot be tracked with
conformity, eg, hourly. The vocal discomfort experienced by

FIGURE 3. Time of performance in the VLT in minutes for all sub-
jects (n¼ 11), in order of endurance.

TABLE 3.
Individual Capacity of Phonatory SPL in All Subjects (N ¼ 11) in Order of Performance in VLT

Subject Gender
Time in

VLT
F0 Mean in

VLT (Hz)
SPL Mean in
VLT (dB SPL)

Max SPL in
VRP (dB SPL)

SPL in VLT Comp.
to VRP (%)

Max SPL in VRP
Comp. to 85 dB SPL (%)

S10 M 3 130 86 94 91 111
S7 M 9 205 93 98 95 115
S1 F 9 320 94 94 100 111
S3 F 10 259 92 94 98 111
S6 F 10 340 90 91 99 107
S11 M 11 253 99 106 93 125
S4 F 12 260 88 93 94 109
S9 M 12 163 92 102 90 120
S5 F 18 337 93 95 98 112
S8 M 30 286 91 104 88 122
S2 F 30 340 92 99 93 116

Notes: The table shows increase or decrease in SPL when ability of high SPL phonation from total voice range proÞles are compared to the SPL of the VLT and to
85 dB SPL. All comparisons are made of the SPL produced at the F 0 mean level of the VLT. Differences are expressed in %.
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each subject was tracked in their voice activity questionnaires,
showing an increase in vocal discomfort after the VLT, and a
decline to baseline after about 24 hours.Table 4shows how
the subjects all assessed their voice comfort in the hour before
VLT (pre-VLT), within 1 minute after the VLT (post-VLT) and
in the hours following the VLT.

Vocal changes due to VLT
Fundamental frequency was measured in two ways: by audio
recordings pre- and post-VLTand with VoxLog, before, during,
and after VLT. There was a signiÞcant rise with strong correla-
tion to mean fundamental frequency extracted before and dur-
ing vocal loading from VoxLog in female subjects (n¼ 6),
Z ¼ � 2.201,P ¼ 0.028, r¼ 0.90, and male subjects (n¼ 5),
Z ¼ � 2.023,P ¼ 0.043, r¼ 0.90. The values dropped signiÞ-
cantly when fundamental frequency during vocal loading was
compared with values after vocal loading, female subjects:
Z ¼ � 2.201, P ¼ 0.028, r ¼ 0.90, male subjects:
Z ¼ � 2.023,P ¼ 0.043, r¼ 0.90. Changes in fundamental fre-
quency are shown inTable 5(female) andTable 6(male). No
signiÞcant difference was shown when mean fundamental fre-
quency before vocal loading was compared with values after
vocal loading. There were no signiÞcant changes to the post-

VLT audio recordings compared with the pre-VLT recordings,
indicating a rapid regression of the F0 raise.

The mean SPL of the speech signal was measured in two
ways: by audio recordings before and after VLT with Phog,
and before, during, and after VLT with VoxLog. Speech SPL
was explored in all subjects as one group (n¼ 11). A signiÞcant
rise with strong correlation was shown in values of speech SPL
extracted from VoxLog prevocal loading compared with speech
SPL during vocal loading,Z ¼ � 2.934,P ¼ 0.003, r¼ 0.88.
Values of speech SPL from VoxLog during vocal loading also
decreased to a signiÞcant degree when compared with values
after vocal loading,Z ¼ � 2.934,P ¼ 0.003, r¼ 0.88.

A carryover effect is shown in a signiÞcant rise with strong
correlation of mean speech SPL, extracted from Phog, when
comparing values before vocal loading with values after vocal
loading,Z ¼ � 2.934,P ¼ 0.003, r¼ 0.88. Values from VoxLog
conÞrm this carryover effect, showing a statistically signiÞcant
rise of speech SPL postvocal loading, compared with prevocal
loading recordings,Z ¼ � 2.667,P ¼ 0.008, r¼ 0.88.

Changes in speech SPL are shown inTable 7. According to
VoxLog data, all subjects were able to match the required
SPL of the ambient babble (85 dB SPL) during the VLT. There
were no differences to the mean frequency or mean SPL of

TABLE 4.
Self-Assessments of Vocal Comfort in all Subjects (N ¼ 11) in Order of Performance in VLT

Subject Gender
Time in

VLT
VAS Before

VLT
VAS After

VLT
VAS

After 1 h
VAS

After 2 h
VAS

After 3Ð5 h
VAS

After 24 h

S10 M 3 0 20 20 0 0 10
S7 M 9 0 40 20 10 30 0
S1 F 9 10 30 20 10 0 0
S3 F 10 0 20 0 10 20 10
S6 F 10 40 20 20 30 30 10
S11 M 11 0 0 0 0 0 0
S4 F 12 0 20 0 0 0 0
S9 M 12 0 20 0 0 0 0
S5 F 18 10 100 80 80 70 0
S8 M 30 0 40 20 20 20 0
S2 F 30 0 10 0 0 0 0

Notes: Visual analog scale (100 mm VAS) entries 1 hour before the VLT; promptly after the VLT; after 1 hour, 2 hours, 3Ð5 hours, and 24 hours after the VLT.

TABLE 5.
Rise in Mean Fundamental Frequency (Hz) During VLT and Decrease in Mean Fundamental Frequency after VLT in Female
(N ¼ 6) Subjects in Order of Performance in VLT

Subject Time in VLT (min) 1 h Before VLT During VLT 1 h After VLT

S1 9 221 320 235
S3 10 217 259 229
S6 10 252 340 257
S4 12 257 260 252
S5 18 245 337 244
S2 30 220 343 223

Notes: Data extracted from VoxLog.
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speech when values before VLT were compared with values
from follow-up recordings 2 days later.

Long-time average spectrum
Changes to more hyperfunction, or increased muscle activity, in
spectral energy were shown in female subjects (n¼ 5), after the
VLT. The voice signal of n¼ 3 male subjects showed more hy-
perfunction, or increased muscle activity, in the distribution of
spectral energy after the VLT.Figure 4shows an overview of
changes in phonatory energy.

Speech range pro�le
There were no signiÞcant changes to speech range proÞles.
Fundamental frequency range increased in all male subjects
apart from subject S10, who endured the VLT for the shortest
amount of time (3 minutes). The results regarding range of
SPL were more diverse for each subject.

Phonation threshold pressure
There were no signiÞcant changes to mean PTP and these results
were very diverse. No clear connection between decreased PTP
and degree of previous voice training was revealed (Table 8).

Perceptual assessment of perceived voice quality
Roughness was never observed and breathiness had low ratings
in all subjects. Instability increased only in subject S1 (female)
after vocal loading. A majority of the subjects (n¼ 7) increased

hyperfunction after VLT. However, subjects S9 and S10 were
assessed to have less hyperfunction after the VLT, in both cases
corresponding to LTAS results, as is shown inFigure 5.

Vocal sonorance decreased in n¼ 6 subjects, whereas it
increased in n¼ 4, subject S11 did not change his vocal output
according to assessment.Tables 9(F) and10(M) give a detailed
description of the assessments.

Voice quality of the passage recorded after VLT was deemed
by the speech and language pathologists to be more generally
affected in n¼ 5 female subjects. For S6, who read for 10 mi-
nutes, the condition was reversed as her pre-VLT recording was
assessed to be more affected than her post-VLT recording, indi-
cating less vocal impact induced by the VLT and/or some vocal
warm-up effect. For n¼4 male subjects, the voice quality of the
passage recorded before VLT was deemed by the SLPs to be
more generally affected than the recordings after the VLT. Sub-
ject S8 was the only male subject whose post-VLT recording
was assessed to be more affected, compared with his pre-VLT
recording. He was also the only male to read for 30 minutes.

There was no match between SLPsÕ and phoniatriciansÕ gen-
eral assessments before and after VLT.

Digital imaging
For the most part, all subjects were assessed to have normal
vocal fold physiology. Some of the parameters could not be as-
sessed because of missing imaging (caused by subjects
gagging, obstructing epiglottis, or difÞcult angles). Changes

TABLE 6.
Raise in Mean Fundamental Frequency During VLT and Decrease in Mean Fundamental Frequency After VLT in Male (N ¼ 5)
Subjects in Order of Performance in VLT

Subject Time in VLT (min) 1 h Before VLT During VLT 1 h After VLT

S10 3 120 130 113
S7 9 160 260 131
S11 11 136 253 144
S9 12 133 163 129
S8 30 165 286 214

Notes: Data is extracted from VoxLog.

TABLE 7.
Changes in Mean Sound Pressure Level of Speech During VLT, in All Subjects (N ¼ 11) in Order of Performance in VLT.

Subject Gender Time in VLT (min) 1 h Before VLT During VLT 1 h After VLT

S10 M 3 71 86 73
S7 M 9 83 88 81
S1 F 9 79 94 80
S3 F 10 80 92 85
S6 F 10 76 90 81
S11 M 11 79 99 80
S4 F 12 83 88 81
S9 M 12 80 92 77
S5 F 18 79 93 82
S8 M 30 79 91 81
S2 F 30 84 92 84

Notes: Data is extracted from VoxLog.
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in open quotient varied to a high degree among the subjects. For
n ¼ 4 female subjects, the phoniatricians judged the post-VLT
digital imaging to be more deviant from typical vocal physi-
ology. The imaging pre-VLT was assessed to be more deviant
from typical vocal physiology in S1, who read for the shortest
amount of time among female subjects (ca 9 minutes) and S2,
who read for the longest amount of time among all subjects
(30 minutes). For n¼3 male subjects, the phoniatricians judged
the before VLT digital imaging to be more deviant from typical
vocal physiology. The imaging post-VLT was assessed to be
more deviant from typical vocal physiology in S7, who read
for ca 9 minutes and S8, who read for the longest amount of
time among all subjects (30 minutes).Tables 11(F) and12
(M) give a detailed description of the assessments.

There was no agreement between phoniatriciansÕ and SLPsÕ
general assessments before and after VLT.

Phonation quotient
The long-time measurements with VoxLog showed the subjects
using their voices to different degrees during different activ-

ities. Compared with, eg, Titze et al,62 most subjects exhibited
low percentages of phonation time (or quotient), when all
4 days of voice accumulation were accounted for. However,
in their VLTÕs, they attained very high percentages of phona-
tion, compared with other periods of vocal activity in their
data.Figure 6shows the phonation quotients of the 4 day mea-
surements (the VLT excluded in total data). The phonation quo-
tients for the subjectsÕ Þrst day and for a period of at least an
hour in which the subjects deemed they used their voices to
a great extent are compared with controlled recordings with
VoxLog: the Þrst being the baseline recording, in which the sub-
jects read the passage TheNorth Wind and the Sunthree times
(ca 2 minutes) and the second, being the VLT.

DISCUSSION
Voice clinicians need more knowledge on what patients are
vocally capable of outside the voice clinic. Earlier attempts
have shown it difÞcult to mimic authentic vocal loading in a lab-
oratory setting. This study was an attempt to Þnd a suitable

FIGURE 4. Change in long-time average spectrum in all subjects (n¼ 11) before and after VLT, showing increased hypofunction (decrease of
muscle activity) after VLT in subjects S3, S9, and S10. Remaining subjects show increased hyperfunction (increase in muscle activity) after VLT.

TABLE 8.
Outcome of Phonation Threshold Pressure (cm H 20) Measured Before and After VLT and at Follow-up Measurement 2 Days
Later in All Subjects (N ¼ 11) in Order of Performance in VLT

Subject Gender Time in VLT (min) Before VLT (100% cmH 2O) After VLT (%) Follow-up (%)

S10 M 3 3.8 104 169
S7 M 9 6.2 80 99
S1 F 9 3.6 106 94
S3 F 10 6.5 84 96
S6 F 10 2.6 96 115
S11 M 11 5.8 88 74
S4 F 12 5.6 81 68
S9 M 12 5.0 118 145
S5 F 18 4.3 133 95
S8 M 30 5.1 138 101
S2 F 30 5.3 112 115

Notes: The increase or decrease of values compared to before VLT measurements are expressed in %.
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method of testing the course of vocal loading, ie, the onset
and regression of increased phonation loudness and its conse-
quences in the controlled environment of the voice clinic.
Increased phonation loudness was inßicted through loud reading,
which is not equivalent to spontaneous speech, but closer to it
than, eg, sustained vowel phonation or repeated sentences. The
ambient multitalker speech-babble provided the element of mak-
ing oneself heard in a lifelike situation. The method is extensive
and requires plenty of time for carrying out recordings and ana-
lyses. However, the majority of the time is spent on long-time
measurement of voice, which is mostly carried out away from
the clinic and thus not entirely controlled. The long-time voice
accumulation provided information on everyday phonation.
The mode of testing gives clinicians an extensive picture of a
subjectÕs voice, as it discloses vocal performance, endurance,
and self-perception of vocal function.

Measurement errors
The measurements of PTP, compared over time indicated PTP
to be too unreliable for conclusions to be drawn. Eg, PTP
ranged from 3.9 cm H20 at pretest to 6.7 cm H20 at follow-up
measurement in one subject.

Phonation quotient estimated by VoxLog was the vocal
parameter which changed most drastically due to the VLT.
The subjectsÕ phonation quotient increased drastically when
trying to make themselves heard through ambient noise, with
female subjects reaching higher percentages than male sub-

jects, in line with S odersten et al.9 According to Hunter and
Titze63 accumulated phonation time makes out as much as
half the amount of speaking time. This proposition is not appli-
cable in the present study, as all subjects reached phonation
quotients of more than 64%.

Long-time voice accumulation
VoxLog does not require calibration before use, making it user
friendly and facilitating long-time voice accumulation (ie, the
subject can easily put it on and take it off over the course of
many days). However, this convenience is problematic, as is
makes SPL estimations unreliable. The SPL of the voice and
of the surrounding noise are calculated using a built-in micro-
phone. Fast Fourier transformation is used to extract funda-
mental frequency from the accelerometer signal and if
phonation is registered by the accelerometer, the SPL measured
by the microphone is regarded as voice SPL (otherwise as noise).
The lack of calibration requires methodological considerations
to be taken into account. Eg, the neck collar was too large for
n ¼ 5 of the female subjects, suggesting that placement of the
built-in microphone might have moved during SPL estimations.
For the same reason, the extraction of fundamental frequency is
not entirely reliable. Because this study was carried out, the neck
collar has been changed by SonVox AB into a sturdier, adjust-
able version, and research on validation of the VoxLog micro-
phone is currently in progress at Ume�a University, Sweden.

The long-time voice accumulation disclosed apparent mea-
surements errors, eg, VoxLog mistook an hour of bassoon play-
ing in subject S7 as phonation at 308 Hz and 95 dB SPL (when
in fact the subjectÕs overall fundamental frequency mean was
150 Hz, voice level 87 dB SPL). Subject S6 wore VoxLog dur-
ing the Þrst half of a high-intensity gym class. VoxLog made F0
and SPL estimations, thus the assumption that the subject
phonated during her workout can be made (phonation quotient
at 14% through 44 minutes). However, the subject attests she
did not speak at all during the class, although she did occasion-
ally groan and draw breath heavily. Heavy breathing being
mistaken for phonation, could be one of the reasons for phona-
tion quotients growing large during the VLT.

FIGURE 5. Assessment of male subjectsÕ hyperfunction before and
after vocal loading.

TABLE 9.
VAS-Assessment of Voice Quality for All Female Subjects (n ¼ 6) in Order of Endurance in the Vocal Loading Task

Voice Quality
Parameter

Subject

S1 S3 S6 S4 S5 S2

Before
VLT

After
VLT

Before
VLT

After
VLT

Before
VLT

After
VLT

Before
VLT

After
VLT

Before
VLT

After
VLT

Before
VLT

After
VLT

Affected 25 37 0 7 7 2 17 11 0 0 4 15
Hyperfunction 29 19 7 25 14 7 16 21 0 4 3 28
Breathy 0 0 7 17 0 0 14 0 0 2 0 0
Instability 9 43 0 0 2 5 0 0 0 0 0 6
Roughness 0 0 0 0 0 0 0 0 0 0 0 0
Glottal fry 64 14 2 1 2 4 14 2 0 0 13 4
Sonorance 54 46 88 82 76 83 68 77 100 89 93 74

Notes: Each parameter was graded on a 100 mm visual analog scale; 0 ¼ unaffected, 100 ¼ deviant in the greatest possible manner.
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Designing a voice activity questionnaire
The voice activity questionnaire used in this study would have
been more suited to track subjectsÕ recovery from vocal
loading if it had included more frequent entries immediately
after the VLT and during the hours following. This would
have made it possible to track self-perception of vocal status
with a higher resolution. To make the questionnaire more
user friendly for subjects, the time of entries could have

been roughly preset, such as entries for morning, lunch
time, afternoon, and evening.

Vocal fatigue and endurance
Very little seems to be known regarding what will evoke fatigue
in voice-healthy individuals. The participating subjects showed
different sensitivity for vocal loading. Vocal endurance based in
vocal experience play a part in the results. As this pilot study

TABLE 10.
VAS-Assessment of Voice Quality for All Male Subjects (N ¼ 5) in Order of Endurance in the Vocal Loading Task

Voice Quality
Parameter

Subject

S10 S7 S11 S9 S8

Before
VLT

After
VLT

Before
VLT

After
VLT

Before
VLT

After
VLT

Before
VLT

After
VLT

Before
VLT

After
VLT

Affected 54 44 0 10 8 7 16 12 1 7
Hyperfunction 55 39 0 12 13 26 31 12 0 18
Breathy 5 3 0 0 0 0 0 0 0 4
Instability 9 0 1 2 0 0 7 9 0 0
Roughness 0 0 0 0 0 0 0 0 0 0
Glottal fry 98 72 5 11 54 3 59 4 7 28
Sonorance 48 52 85 72 63 62 60 64 82 70

Notes: Each parameter was graded on a 100 mm visual analog scale, 0 ¼ unaffected, 100 ¼ deviant in the greatest possible manner.

TABLE 11.
Assessment of Digital Imaging for All Female Subjects (N ¼ 6) in Order of Endurance in the Vocal Loading Task

Voice Quality
Parameter

Subject

S1 S3 S6 S4 S5 S2

Before
VLT

After
VLT

Before
VLT

After
VLT

Before
VLT

After
VLT

Before
VLT

After
VLT

Before
VLT

After
VLT

Before
VLT

After
VLT

Open quotient (%) 11 46 63 57 12 53 14 48 67 74 7 48
Glottal shape 0 0 1 0 1 0 1 1 0 0 0 0
Glottal regularity 0 0 0 0 0 0 0 0 0 0 0 0
Morphological alteration 0 0 1 1 0 0 0 0 0 0 0 0
Adduction right vf 0 0 0 0 0 0 0 0 0 0 0 0
Adduction left vf 0 0 0 0 0 0 0 0 0 0 0 0
Abduction right vf 0 Ñ 0 0 0 0 0 Ñ 0 0 0 Ñ
Abduction left vf 0 Ñ 0 0 0 0 0 Ñ 0 0 0 Ñ
Wave amplitude right vf 1 0 0 1 1 0 0 0 0 1 1 0
Wave amplitude left vf 1 0 0 1 0 0 0 1 0 1 0 0
Wave propagation right vf 1 0 0 0 1 0 0 0 0 0 1 0
Wave propagation left vf 1 0 0 0 1 1 0 0 0 0 0 0
Phase difference 0 0 0 0 0 0 0 0 0 0 1 0
False right vf 0 0 0 0 0 0 0 0 0 0 0 0
False left vf 0 0 0 0 0 0 0 0 0 0 0 0
Symmetry of corniculate

tubercles during
phonation

1 1 1 1 0 0 0 0 1 1 1 1

Symmetry of corniculate
tubercles during rest

0 Ñ 1 1 0 0 0 Ñ 0 0 1 Ñ

Abbreviation: vf, vocal fold.
Notes: Each parameter was graded with numbers 0Ð3 (0, unaffected; 1, slightly deviant; 2, moderately deviant; 3, highly deviant) from 0 (unaffected). Glott al
open quotient was assessed from kymograms derived from the high speed digital imaging and is presented in %.
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was meant to develop a new method of testing vocal endurance,
subjects who varied in vocal experience needed to be tested,
thus including subjects who had no vocal training at all and peo-
ple who had some vocal training, but who were not professional
singers or actors.

Another important factor when discussing vocal function and
endurance is inherent personal traits. Patients in the voice clinic
who suffer from functional dysphonia often possess certain per-
sonality traits (anxiety, depression, somatic complaints, and
introversion) which could cause and/or maintain voice prob-
lems through behavioral consequences despite lack of struc-
tural or neurologic laryngeal pathology.64Ð67Eg, a trait could
lead to inhibitory behavior of the larynx and elevated tension
states, such as a feeling of uncertainty.68 Individuals with vocal
experience (trained voices) and patients who have undergone
voice therapy are probably more wary than others of their vocal
limitations. The subjects taking part in this study did not suffer
from functional voice disorders per se, but one cannot disregard
the possibility of some of them being at the end of the normo-
phone spectrum closer to vocal dysfunction than others (eg,
subject S5, who has allergies and medicates with omeprazole).
The two subjects who endured the VLT for the full 30 minutes
are both choir singers, who in addition give lectures often. They
had not, however, had any speaking voice training (none of the
other subjects had this particular voice proÞle). This back-

ground information could indicate that these individuals were
accustomed to the feeling of a fairly strained voice, a sensation
they might have assumed would pass after a rest.

Vocal recovery
In this study, possible effects of the VLT had to be monitored
over time, however the rationale for follow-up laryngeal digital
imaging and audio recordings taking place 2 days after the VLT
is difÞcult to support or reject. The follow-up was performed to
conÞrm that no damage to the physiology and/or function of the
voice had resulted. Four days (the time span for the entire pro-
cess) were deemed reasonable for the subjects to wear the voice
accumulator and write frequent entries in their voice activity
questionnaires. Very little is known regarding vocal recovery
due to voice rest, without intervention. In fact Roy, p. 422,
stated that, eg, postsurgical voice rest is a controversial area
wherein nothing is known regarding optimal dose-response ef-
fects and that there is no proven standard for duration of voice
rest.69

Hazards and clinical implications
Is testing for vocal loading dangerous? Could it harm the vocal
function of the subjects? No previous VLT has proven to inßict
any permanent damage to subjectsÕ voice function (eg, a study
by Kelchner et al7), although anterior glottal chinks of the vocal

TABLE 12.
Assessment From Digital Imaging of All Male Subjects (N ¼ 5) in Order of Endurance in the VLT

Voice Quality
Parameter

Subject

S10 S7 S11 S9 S8

Before
VLT

After
VLT

Before
VLT

After
VLT

Before
VLT

After
VLT

Before
VLT

After
VLT

Before
VLT

After
VLT

Open quotient (%) 6 52 5 47 62 65 9 51 46 48
Glottal shape 2 1 1 0 2 1 1 1 0 1
Glottal regularity 0 0 0 0 0 0 0 0 0 0
Morphological alteration 1 1 0 0 0 0 0 0 1 1
Adduction right vf 0 0 0 0 0 0 0 0 0 0
Adduction left vf 0 0 0 0 0 0 1 1 0 0
Abduction right vf 0 Ñ Ñ Ñ 0 Ñ 0 Ñ 0 Ñ
Abduction left vf 0 Ñ Ñ Ñ 0 Ñ 1 Ñ 0 Ñ
Wave amplitude right vf 0 0 0 0 1 0 1 1 0 0
Wave amplitude left vf 0 0 0 0 0 0 2 1 0 0
Wave propagation right vf 0 0 0 0 1 0 2 2 0 0
Wave propagation left vf 1 0 0 1 1 0 3 1 0 1
Phase difference 0 0 0 0 1 0 2 1 0 1
False right vf 0 0 0 0 0 0 0 0 0 0
False left vf 0 0 0 0 0 0 0 0 0 0
Symmetry of corniculate

tubercles during
phonation

1 0 1 Ñ 1 0 0 1 0 0

Symmetry of corniculate
tubercles during rest

1 Ñ 1 Ñ 1 Ñ 0 Ñ 0 Ñ

Abbreviation: vf, vocal fold.
Notes: Each parameter was graded with numbers 0Ð3 (0, unaffected; 1, slightly deviant; 2, moderately deviant; 3, highly deviant) from 0 (unaffected). Glott al
open quotient was assessed from kymograms derived from the high speed digital imaging and is presented in %.
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folds have been induced from VLTs.32 Increase of fundamental
frequency and SPL of speech following the Lombard effect was
seen in the present study, as eg, a study by Jonsd�ottir et al18have
found. Raised fundamental frequency and SPL will prove to be
vocally demanding over time.1 The design of the current VLT
may in fact be less hazardous to the voice function than ones
in previous research, as the subjects set their own time limit.
The amount of time spent in a VLT like the current one could
provide good clinical indications as to how far different individ-
uals are prepared to test the limits of their voice. However,
given the different time frames the subjects actually spent in
the VLT (3Ð30 minutes) maybe we cannot trust vocally un-
trained individuals to know when they have reached their
maximum time dose? N.B: it is impossible to be positively
sure that vocal strain or fatigue was what prompted the subjects
to discontinue their task (eg, n¼2 subjects complained of being
tired by the ambient noise). It is essential to examine whether
any subjects would endure the full 30-minute period if they
are unaware of such a time limit.

Researchers run the risk of overinterpreting minimal changes
in outcome of objective voice measurements preceding and
following a VLT. Subjective observations of voice function
have been proven somewhat difÞcult to measure objectively
during prolonged speaking tasks. Noted changes may not be
comparable with the severity of the subjectsÕ experience.32

The elevation of fundamental frequency recorded by VoxLog
did not carry over to the post-VLT audio recording (compared
with pre-VLT recordings). The elevation of speech loudness,
however, did carry over to the post-VLT audio recording
(compared with prerecordings). This can be an important
example to use in the voice clinic, indicating the necessity to
look at the bigger picture during voice assessments, than simply
listening to audio recordings alone.

CONCLUSIONS

� The VLT appears to be successful in voice healthy sub-
jects, as self-perceived vocal loading and objective
changes to vocal function were attained through the cho-
sen method without causing damage to voice function,
thus simulating authentic vocal loading.

� Onset and recovery from self-perceived vocal loading
were traceable through the voice activity questionnaire.

� The range of endurance in the VLT was an unexpected
Þnding, indicating the complexity of vocal loading.
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Long-Time Voice Accumulation During Work, Leisure,
and a Vocal Loading Task in Groups With Different
Levels of Functional Voice Problems

* Susanna Whitling , * Viveka Lyberg-Åhlander , and * ,†Roland Rydell , *†Lund, Sweden

Summary: Objective. The study aimed to examine the vocal behavior and self-assessed vocal health in women
with varying everyday vocal load and functional voice problems, including patients with functional dysphonia, in three
conditions: work, leisure, and a vocal loading task (VLT).
Study Design. This is a longitudinal controlled, clinical trial.
Methods. Fifty (n = 50) female subjects were tracked during 7 days’ voice accumulation accompanied by a voice
health questionnaire, containing general assessments with visual analogue scale and speci�c voice health questions.
Subjects were divided into four vocal subgroups according to everyday vocal load and functional vocal complaints.
Accumulation time was divided into three conditions: a VLT, work, and leisure. The following behavioral parameters
were measured: (1) relative phonation time (%), (2) phonatory sound pressure/voice level (dB sound pressure level),
(3) ambient noise level (dB sound pressure level), and (4) phonatory fundamental frequency (Hz).
Results. Patients with functional dysphonia reported signi�cantly higher speci�c voice problems across conditions
and worse general voice problems during work and leisure than other groups. Women with high everyday vocal load
and voice complaints showed higher phonation times and fundamental frequency during work than voice healthy con-
trols. They also reported the highest incidence of general voice problems in the VLT.
Conclusions. Vocal loading relates to prolonged phonation time at high fundamental frequencies. Patients with func-
tional dysphonia experience general and speci�c voice problems permanently, whereas women with everyday vocal
load and voice complaints recover during leisure. This may explain why the latter group does not seek voice therapy.
Key Words: Voice accumulation–Long-time voice measurement–Vocal loading–Functional dysphonia–Occupational
dysphonia.

INTRODUCTION
Vocal loading relates to vocal behavior within an individual as
well as vocal context surrounding an individual. It is unclear what
is meant by “vocal loading” in general and how it relates to vocal
overload. Ampli�ed and prolonged vocal intensity seems to be
key elements leading to functional voice complaints.1 Compet-
ing with ambient noise is considered a vocal loading activity,
and female speakers are more prone to vocal overload in such
conditions. The activity leads to signi�cant increase of voice
intensity, fundamental frequency, phonation ratio, and hyper-
functional voice behavior, as well as in vocal effort and strain.2,3

People who rely on their voice for work and who do not have
rigorous voice training, eg, teachers, often exhibit high every-
day vocal load (high vocal dose competing with ambient noise).
They are overrepresented in voice clinics, exhibiting function-
al voice problems4 that occur in or are exacerbated at the
workplace,3,5–11ie, presenting with occupational dysphonia. These
conditions also hold true for other occupations. When classify-
ing functional voice problems, it is important to investigate
patients’ vocal behaviors leading to their vocal habits.12 Al-
though it is already shown, for example, that teachers presenting
vocal complaints phonate to greater extent than others, ie, they
show a higher relative phonation time,13,14 vocal behaviorhas

not been systematically, thoroughly compared in populations rep-
resenting or manifesting different degrees of vocal loading and
functional voice problems.

Inclusion criteria for clinical functional dysphonia are not yet
established. There is an urgent need for high-quality outcome
measures in clinical research to help voice clinicians and af-
fected patients fully grasp underlying vocal dif�culties associated
with functional dysphonia.15As a diagnosis of exclusion, functional
dysphonia is characterized by a lack of organic and neurologic
laryngeal pathology by impaired regulation of laryngeal
muscles.12,16 Description of functional dysphonia requires
multifaceted clinical knowledge and understanding. Elemental
vocal behavior, for example, needs to be investigated in differ-
ent contexts.17 In fact, functional dysphonia can even be called
behavioral dysphonia, and behavioral aspects of functional dys-
phonia need further investigation.18 Such an investigation should
be performed unobtrusively in contexts in which patients with
functional dysphonia use their voice. Different contexts present
different phonatory challenges for speakers, such as acoustics,
ambient noise, dry air, group size and type of listeners, and the
function of present speech.13The technology offered is voice ac-
cumulation (eg, Van Stan et al,19) combined with essential self-
assessment tools.20

Objective
The study aimed to examine vocal behavior and self-assessed
vocal health in a population with varying everyday vocal load
and functional voice problems, including patients with func-
tional dysphonia, under three different conditions: (1) work,
(2) leisure, and (3) a vocal loading task (VLT).
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Research questions

(1) How does vocal behavior in women with diagnosed func-
tional dysphonia differ from others who also experience
voice problems, but who do not seek therapy? (How do
these two groups compare with control groups?)

(2) How does self-assessed vocal health in women with di-
agnosed functional dysphonia differ from others who also
experience voice problems, but who do not seek therapy?
(How do these two groups compare with control groups?)

METHODS
Subjects
Vocal behavior and vocal health were examined in four vocal sub-
groups in three contextual conditions: in a VLT, during working
hours, and during leisure time. Fifty (n= 50) female subjects were
recruited to four (n= 4) vocal subgroups representing different
degrees of everyday vocal loading and functional voice prob-
lems: FD: n= 20 patients with functional dysphonia; HLC: n= 10
women with high everyday vocal load with voice complaints;
HLNC: n = 10 women with high everyday vocal load with no voice
complaints; and C: n= 10 women serving as voice healthy con-
trols,with loweverydayvocal loadandnovoicecomplaints.Subjects
in the FD group stood on a voice therapy spectrum: some not having
started, some having received a little, and some having �nished
one round of voice therapy. All expressed a wish for additional
voice therapy. The subjects in the HLC group experienced self-
perceived voice problems, for which they had not sought medical
care. The distinction was determinedad modumLyberg-Åhlander
et al,3 ie, each subject rating the statement “I have problems with
my voice?” on a scale from 0 (=completely disagree) to 4 (=com-
pletely agree). Subjects with high occupational vocal load reporting
� 2 on this scale were placed in the HLC group. The fourth, re-
maining group comprised 10 (n= 10) voice healthy controls, with
self-perceived low/no occupation vocal load. Patients with func-
tional dysphonia were recruited speci�cally for the current study
through medical voice care professionals (speech and language
pathologists and phoniatricians) in and around Skåne University
Hospital, in southern Sweden.All patients were cisgender females,
thus identifying with the sex they were born as, having no desire
for a fundamentally different function of their habitual voice. They
were all of working age (or newly retired), with no organic voice
disorders at laryngeal examination. No subject had any known
hearing impairment. The group of patients with functional dys-
phonia formed a sample basis upon recruiting the other three groups,
matching for age, general health, and life situation. Due to this
recruitment method, smokers were not excluded from the study
as they occurred in small number in the group with functional dys-
phonia. Recruitment for the two groups with high occupational
workload (HLC and HLNC) was made from the subject base in
Lyberg-Åhlander et al.3 Subjects who in this previous study had
written consent to take part in any further studies were asked (the
question on voice problems earlier mentioned was reiterated for
the current study, as 5 years had passed). Subjects for the voice
healthy control group were mainly recruited through the patients
with functional dysphonia, who were asked to bring a voice healthy

female peer of the same age. Additional recruitment for the high
vocal load (HLC, HLNC) and control (C) groups was made through
inquiry on social media. No subjects were told any aims for the
study, and all subjects gave written informed consent to take part
in the current study. For age and group distribution, seeTable 1.

Voice accumulation with VoxLog
Each subject underwent seven days’ long-time measurement of
voice using the portable voice accumulatorVoxLog(Sonvox AB,
Umeå, Sweden).VoxLogprovided information on relative pho-
nation time, ie, the amount of time during measurement during
which each subject phonated, measured through skin vibration
with an accelerometer, fundamental frequency, measured by said
accelerometer and sound pressure level of phonation, and of
ambient noise, measured by a microphone. The accelerometer
and microphone were placed in a neck collar. The microphone
does not correct to a standard distance, thus sound pressure level
is reportedad modumSödersten et al, ie, ca 7 dB higher com-
pared with measurements taken at a 30-cm distance.21 All data
from VoxLogwere labeled with one of three conditions: (1) work,
(2) leisure, and (3) a VLT. These conditions were categorized
by each subject and noted in a voice health questionnaire through-
out voice accumulation.

Self-assessment of vocal health with voice
health questionnaire
Avoice activity questionnaire based on the voice handicap index22

accompanied the 7-day voice accumulation. It contained 18 voice
health questions on a 5-point scale (0= none/not at all, 1= low/
occasionally, 2= some/sometimes, 3= high/often, 4= very high/
nonstop). Ten voice questions (10VQ) were expected to �uctuate
during a day, thus �lled out four times a day (28 times in total).
These were the following: 1: This is my current stress level, 2:
My voice feels fatigued, 3: I need to clear my throat, 4: I need
to cough, 5: My throat/neck (same word in Swedish: “hals”) feels
tense, 6: I am hoarse, 7: I am having a hard time making myself
heard (like at a party), 8: My voice can suddenly change when
I speak. 9: It is effortful to get my voice working, 10: I have a
feeling of discomfort in my throat/neck. The remaining eight ques-
tions (8VQ) were �lled out once a day (seven times in total).
These were the following: 11: I run out of breath when I speak,
12: My voice problems affect my private economy, 13: My voice
problems restrict my private and social life, 14: My voice makes
it hard for others to hear what I am saying, 15: Others ask me
what is wrong with my voice, 16: I feel handicapped because of
my voice, 17: I feel left out of conversations because of my voice,
18: I am worried by my voice problems. A 100-mm visual an-
alogue scale (VAS) with the question “how does your voice feel
right now” (0= no voice problems, 100= maximal voice prob-
lems) was �lled in four times a day (28 in total). The voice health
questionnaire was structured to ensure point prevalence; there-
fore, each entry was followed by a notation of the time of day
and current condition (VLT, work, or leisure). The 8VQ was only
�lled out during leisure (once a day, in the evening). Working
and leisure hours were noted in the voice health questionnaire.
The 10VQ and 8VQ were checked for internal consistency
separatelyusingCronbach’s� .Atestform(T1)was�lledoutbyeach
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subject 20 minutes prior to voice accumulation start, and a retest
form (T2) was �lled out 5 minutes prior to accumulation start.
The internal consistency for 10VQ was� = .92 (T1 item
mean= 1.33, T2 item mean= 1.17). The internal consistency for
8VQ was� = .94 (T1 item mean= .61, T2 item mean= .60). Both
exceed acceptable minimum consistency.23

Vocal loading task
Each subject underwent a VLT midweek/mid-voice accumula-
tion, which served as a control condition where heavy vocal loading
(prolonged phonation at high sound pressure levels) would de�-
nitely take place. The VLT was set upad modumWhitling et al.24

There were slight changes to the setup as follows: (1) Phona-
tory signal-to-noise ratio was monitored during the VLT, ensuring
minimum phonation sound pressure levels of 85 dB A were met.
It was monitored with real-time phonetograms (Phog Interac-
tive Phonetography System 2.5 for PC, Hi-Tech Medical, Täby,
Sweden) using a head-mounted microphone (MKE 2, no 09_1,
Sennheiser, Wedemark, Germany) calibrated at 94 dB sound pres-
sure level at a distance of 15 cm from the mouth (converted to
30 cm). (2) The subjects were free to choose a text for loud reading
in the VLT. Most of them chose the alternative text chosen by
the test leader: an easy to read excerpt from a book on the history
of kings and queens of Sweden. (3) Oral instructions on enter-
ing the VLT were modi�ed: the subjects were not informed of
the 30-minute maximum participation time in order to prevent
subjects terminating or not terminating the VLT for any other
reason than a distinct sensation of discomfort from the throat.

Statistical analyses
Statistical analyses were performed withIBM SPSS Statistics
23 (SPSS Inc., Chicago, IL, USA). All samples were explored
for normal distribution and statistical analyses were chosen ac-
cordingly. A Shapiro-Wilk’s test25,26of skewness and kurtosis27–29

and a visual inspection of their histograms, normal Q-Q plots,
and box plots were performed for each parameter examined as
basis for choice of statistical analyses (see each result). A sta-
tistical power analysis of sample sizes was based on vocal self-
assessment results from Whitling et al.24 It showed that in order
for an effect size of .5 to be detected at a 97% chance as sig-
ni�cant at the 1% level,30 a sample of 10 participants in each
compared group was needed.

Ethical research approval
The study was approved by the Regional Ethical Review Board
in Lund, Sweden on April 25, 2013 (#2013/174).

RESULTS
Time in vocal loading task
Sample characteristics and statistical analyses
The analysis of sample characteristics revealed that distribu-
tion was not normal for all vocal subgroups for minutes spent
in the VLT, disqualifying parametric analyses. The data were
explored using the Kruskal-Wallis H test, which showed no sig-
ni�cant group differences for time in VLT.
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All vocal subgroups spent a similar amount of time (minutes)
in the VLT: FD (M = 27, Med= 30), HLC (M = 25, Med= 30),
HLNC (M = 26, Med= 30), and C (M= 28, Med= 30).

Vocal behavior observed through
voice accumulation
Sample characteristics and statistical analyses
The inspection of the distribution of all voice accumulation pa-
rameters (relative phonation time, phonatory sound pressure
level, and fundamental frequency) showed normality, qualify-
ing parametric analyses. A two-way repeated analysis of variance
tested the relative phonation time, phonatory sound pressure
level, and fundamental frequency separately, in the three
conditions—VLT, work, and leisure—across four vocal sub-
groups (FD, HLC, HLNC, C). The analyses applied Bonferroni
adjustment for multiple vocal subgroups (4) and conditions
(3) and with Greenhouse-Geisser correction as a consequence
of violation of assumption of sphericity for two variables: rel-
ative phonation time:� 2(2) = 29.980,P < 0.01, and fundamental
frequency:� 2(2) = 29.408,P < 0.01. Differences within groups
were explored using paired samplest tests.

Relative phonation time
Relative phonation time differed signi�cantly across all three con-
ditions work, leisure, and VLT (F[1.3, 44.1]= 466.09,P < 0.01,
� 2 = .931). A pairwise comparison of conditions,work to leisure,
work to VLT, andleisureto VLT, all showedP < 0.01. There was
no signi�cant overall interaction between vocal subgroup af�l-
iation and condition. A pairwise comparison of each vocal
subgroup within each condition showed a signi�cant differ-
ence between HLC and C in the work condition (P = 0.034). A
comparison of work to leisure within each subgroup showed sig-
ni�cantly higher phonation time during work than leisure for HLC
(t = 4.721,P = 0.002) and for HLNC (t = 4.634,P = 0.004). The
mean scores of relative phonation time under three conditions
across four vocal subgroups are shown inFigure 1. A summary
of results for vocal subgroups and conditions is found inTable 2.

Phonatory sound pressure level
Phonatory sound pressure level (voice level) differed signi�-
cantly across the three conditions—VLT, work, and leisure (F[2,
70] = 75.568,P < 0.01,� 2 = .686). Pairwise comparisonswork
(M = 86 dB sound pressure level) toVLT(M = 94.5), andleisure
(M = 86.5) toVLT, both showed signi�cance atP < 0.01. A
pairwise comparison of conditionswork to leisurewas not sta-
tistically signi�cant. The overall interaction of af�liation to vocal
subgroup and condition was not statistically signi�cant. The
summary of the results for vocal subgroups and conditions is
found inTable 2.

Ambient noise under three conditions: work, leisure,
and a vocal loading task
The sound pressure level of ambient noise (noise level) was com-
pared with the phonatory sound pressure level (voice level) as
measured byVoxLogacross the four vocal subgroups within one
condition at a time using a two-way repeated measures analysis
of variance. Thework condition gave general voice levels

(M = 86 dB sound pressure level), which were signi�cantly higher
than the ambient noise levels (M= 71 dB sound pressure level):
F(1, 36)= 328.015,P < 0.01,� 2 = .901. There were no signif-
icant differences between the vocal subgroups: all groups
signi�cantly overpowered the sound pressure level of their
working environments,31 which were comparable across groups.
The same pattern was repeated for theleisurecondition and the
VLT, giving general voice levels that were signi�cantly higher
than the ambient noise levels (leisure: M = 72 dB sound pres-
sure level,F[1, 41] = 389.092,P < 0.01, � 2 = .905; andVLT:
M = 84 dB sound pressure level,F[1, 42] = 283,456,P < 0.01,
� 2 = .871). There were no signi�cant differences between vocal
subgroups: all groups managed to phonate at higher intensity
levels than their ambient noise levels.

Fundamental frequency
Fundamental frequency differed signi�cantly overall across
conditions,F(1.3, 44.1)= 16.247,P < 0.01,� 2 = .317. A pairwise
comparison of conditionswork to leisurewas not statistically
signi�cant. Pairwise comparisons ofwork (M = 246 Hz) toVLT
(M = 283 Hz), andleisure(M = 249 Hz) toVLT, both showed
theVLT leading to signi�cantly higher fundamental frequency
in all groups forwork to VLT(overall:P < 0.01, FD:t = Š2.597,
P = 0.019, HLC: t = Š2.903,P = 0.023, HLNC: t = Š2.08,
P = 0.083, C:t = Š3.892,P = 0.008). Whenleisurewas com-
pared withVLT, post hoc paired samplest tests showed signi�cant
differences for HLC (t = Š5.576,P < 0.01) and C (t = Š3.337,
P = 0.012). A pairwise comparison of vocal subgroups within
each condition showed one signi�cant difference between HLC
and C in thework condition (P = 0.024). The overall interac-
tion of af�liation to vocal subgroup and condition was not
statistically signi�cant. The mean scores of fundamental fre-
quency under three conditions across four vocal subgroups are

FIGURE 1. Relative phonation time (%) measured byVoxLogac-
celerometer under three conditions: vocal loading task (VLT), work,
and leisure, and a VLT across four (n= 4) vocal subgroups (FD, HLC,
HLNC, and C). Relative phonation time in VLT was signi�cantly higher
than work and leisure for all groups; other signi�cant group differ-
ences and differences within groups are marked with bars.
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TABLE 2.
Overview of All Results, Noting Signi�cant Differences in Comparisons Between Groups and Conditions

Group Measure VLT Work Leisure Comparison Groups Comparison Conditions

FD Phonation time (%) 62 13 11 NS VLT higher than work and leisure
Voice Level (dB SPL) 95 86 84 NS VLT higher than work and leisure
Noise level (dB SPL) 85 69 73 NS VLT higher than work and leisure

Fundamental frequency (Hz) 277 243 250 NS VLT higher than work
10VQ (maximum of 40 points) 21 15 13 Higher than HLNC and C in VLT

Higher than all groups during
work and leisure

VLT higher than work and leisure

VAS (100 mm) 66 52 49 Higher than HLNC and C during
VLT and work

Higher than all groups
during leisure

VLT higher than work and leisure

Stress (0–4 points) 1.2 1.9 1.4 Higher than C in VLT
Higher than all groups during

work and leisure
HLC Phonation time (%) 65 18 10 Higher than C during work VLT higher than work and leisure

Work higher than leisure
Voice level (dB SPL) 94 88 86 NS VLT higher than work and leisure
Noise level (dB SPL) 83 72 71 NS VLT higher than work and leisure

Fundamental frequency (Hz) 315 268 254 Higher than C during work VLT higher than work
10VQ (maximum of 40 points) 16 7 4 Higher than C in VLT

Lower than FD during work
and leisure

Higher than HLNC and C
during work

VLT higher than work and leisure

VAS (100 mm) 67 32 17 Higher than C across all conditions
Higher than HLNC and C

during work
Lower than FD during leisure

VLT higher than leisure

Stress (0–4 points) 1.1 1.1 0.7 Higher than C during VLT
and work

Lower than FD during work
and leisure

Work higher than VLT and leisure

HLNC Phonation time (%) 59 15 8 NS VLT higher than work and leisure
Work higher than leisure

Voice level (dB SPL) 94 88 86 NS VLT higher than work and leisure
Noise level (dB SPL) 83 72 71 NS VLT higher than work and leisure

Fundamental frequency (Hz) 268 243 250 NS VLT higher than work
10VQ (maximum of 40 points) 12 3 3 Lower than FD in VLT

Lower than FD during work
and leisure

Lower than HLC during work

VLT higher than work

VAS (100 mm) 31 9 6 Lower than FD during VLT
and work

Lower than HLC during work
Lower than FD during leisure

VLT higher than leisure

Stress (0–4 points) 0.6 1.3 0.5 Lower than FD during work
and leisure

Work higher than leisure

C Phonation time (%) 69 9 8 Lower than HLC during work VLT higher than work and leisure
Voice level (dB SPL) 94 88 86 NS VLT higher than work and leisure
Noise level (dB SPL) 83 72 71 NS VLT higher than work and leisure

Fundamental frequency (Hz) 274 228 242 Lower than HLC during work VLT higher than work
10VQ (maximum of 40 points) 5 2 1 Lower than FD and HLC

during VLT
Lower than FD during work

and leisure

VLT higher than work and leisure

VAS (100 mm) 12 3 2 Lower than FD and HLC across all
conditions

NS

Stress (0–4 points) 0.4 0.5 0.4 Lower than FD and HLC during
VLT and work

Lower than FD during leisure

NS

Abbreviations: 10VQ, ten voice questions; NS, not signi�cant; SPL, sound pressure level; VAS, visual analogue scale; VLT, vocal loading task.
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shown inFigure 2. The summary of results for vocal sub-
groups and conditions is found inTable 2.

Self-assessed vocal health recorded in voice
health questionnaire
Sample characteristics and statistical analyses
The analysis of sample characteristics revealed that distribu-
tion was not normal for any vocal subgroups for any voice activity
parameter measured in the voice health questionnaire, disquali-
fying parametric analyses. As the eight voice questions were not
�lled out across all three conditions, they were not used for com-
parison. The distribution of scores from 10 voice questions
(10VQ) in four (n= 4) vocal subgroups across three condi-
tions (VLT, work, and leisure) is shown inFigure 3, and the
maximum score was 40. The distribution of VAS scores is shown
in Figure 4, and the maximum score was 100. The distribution
of stress scores is shown inFigure 5, and the maximum score
was 4. The correlation of self-assessment scores (10VQ and VAS)
was explored using Spearman’s� . The summary of results for
vocal subgroups and conditions is found inTable 2.

Vocal loading task condition
A Kruskal-Wallis H test uncovered statistically signi�cant dif-
ferences between group means for 10VQ, VAS, and stress in the
VLT condition, �lled out promptly after terminating the task:
10VQ: � 2(3) = 18.326,P < 0.01, VAS:� 2(3) = 25.259,P < 0.01,
stress:� 2(3) = 8.145,P = 0.043. Post hoc comparisons of 10 voice
questions after the VLT with the Mann-WhitneyU test showed
that FD (M= 21) differed with statistical signi�cance from HLNC
(M = 12) (U = 23,P < 0.002) and C (M= 5) (U = 19,P = 0.001).
HLC differed signi�cantly from C (U = 15.5,P = 0.013). Post
hoc comparisons of VAS scores after the VLT with the Mann-
Whitney U test showed FD (M= 66) differed with statistical
signi�cance from HLNC (M= 31) (U = 14,P < 0.01) and from
C (M = 12) (U = 2, P < 0.01). HLC differed signi�cantly from
C (U = 9.5, P = 0.002). Post hoc comparisons of stress scores
in the VLT with the Mann-WhitneyU test showed that C (M= .4)
differed signi�cantly from FD (M= 1.2) (U = 47,P = 0.02) and
HLC (M = 1.1) (U = 24,P = 0.03). There were no other signif-
icant group differences.

FIGURE 2. Fundamental frequency (Hz) measured byVoxLogac-
celerometer under three conditions: vocal loading task (VLT), work,
and leisure, and a VLT across four (n= 4) vocal subgroups (FD, HLC,
HLNC, and C). Fundamental frequency in the VLT was signi�cantly
higher than work and leisure for all groups; the only signi�cant group
difference between HLC and C during work is marked with a bar.

FIGURE 3. Mean scores from 10 voice questions (maximum score
of 40) across three conditions: vocal loading task, work, and leisure
in four vocal subgroups (FD, HLC, HLNC, and C).

FIGURE 4. Mean scores from visual analogue scale (VAS) (100-
mm VAS) across three conditions: vocal loading task, work, and leisure
in four vocal subgroups (FD, HLC, HLNC, and C).

FIGURE 5. Mean scores from rating of current stress level (0= none,
1 = low, 2= some, 3= high, 4= very high) across three conditions: vocal
loading task, work, and leisure in four vocal subgroups (FD, HLC,
HLNC, and C).
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Work condition
A Kruskal-Wallis H test uncovered statistically signi�cant dif-
ferences between group means for 10VQ, VAS, and stress in the
work condition: 10VQ: � 2(3) = 28.238, P < 0.01, VAS:
� 2(3) = 21.036,P < 0.01, stress:� 2(3) = 16.534,P < 0.01. Post
hoc comparisons of 10VQ during work with the Mann-Whitney
U test showed FD (M= 15) differing with statistical signi�-
cance from all other groups: HLC (M= 7) (U = 41.5,P = 0.042),
HLNC (M = 3) (U = 6,P < 0.01), and C (M= 2) (U = 0,P < 0.01).
HLC differed statistically signi�cantly from HLNC (U = 15.5,
P = 0.027) and from C (U = 7, P = 0.003). Post hoc compari-
sons of VAS during work with the Mann-WhitneyU test showed
signi�cantly higher scores for FD (M= 52) than for HLNC
(M = 9) (U = 8.5,P = 0.001) and C (M= 3) (U = 3, P < 0.01).
HLC (M = 32) scores signi�cantly higher than HLNC (U = 7,
P = 0.015) and C (U = 5, P = 0.008). Post hoc comparisons of
stress scores during work with the Mann-WhitneyU test showed
FD (M = 1.9) scoring signi�cantly higher than all other groups:
HLC (M = 1.1) (U = 26,P = 0.005), HLNC (M= 1.3) (U = 48,
P = 0.043), and C (M= 0.5) (U = 12, P = 0.001). HLC dif-
fered signi�cantly from C (U = 13, P = 0.026). There were no
other signi�cant group differences.

Leisure condition
A Kruskal-Wallis H test showed signi�cant differences between
group means for 10VQ, VAS, and stress in the leisure condi-
tion: 10VQ: � 2(3) = 27,976,P < 0.01, VAS: � 2(3) = 22.793,
P < 0.01, stress:� 2(3) = 15.124,P = 0.002. Post hoc compari-
sons of 10VQ during leisure with the Mann-WhitneyU test
showed FD (M= 13) differing with statistical signi�cance from
all other groups: HLC (M= 4) (U = 26.5,P = 0.002), HLNC
(M = 3) (U = 6,P < 0.01), and C (M= 1) (U = 6,P < 0.01). HLC
differed signi�cantly from C (U = 23,P = 0.041). Post hoc com-
parisons of VAS scores during leisure with the Mann-Whitney
U test showed FD (M= 49) differing with statistical signi�-
cance from all other groups: HLC (M= 17,U = 49,P = 0.035),
HLNC (M = 6, U = 8, P < 0.01), and C (M= 2, U = 8, P < 0.01).
HLC differed signi�cantly from C (U = 14,P = 0.021). Post hoc
comparisons of stress scores during leisure with the Mann-
Whitney U test showed FD (M= 1.4) differed with statistical
signi�cance from all groups: HLC (M= .7, U = 40, P = 0.01),
HLNC (M = .5,U = 41.5,P = 0.014), and C (M= .4,U = 25.5,
P = 0.001). There were no other signi�cant group differences.

Comparison across conditions and
statistical analyses
When the three conditions VLT, work, and leisure were exam-
ined with Friedman’s test within each vocal subgroup, there were
statistically signi�cant differences in ratings of 10VQ for all
groups: FD:� 2(2) = 14.000,P = 0.001, HLC:� 2(2) = 15.600,
P < 0.01, HLNC: � 2(2) = 9.750,P = 0.008, C:� 2(2) = 13.067,
P = 0.001; in VAS scores for all groups: FD:� 2(2) = 20.588,
P < 0.01, HLC:� 2(2) = 7.000,P = 0.030, HLNC:� 2(2) = 10.571,
P = 0.005, C:� 2(2) = 8.960,P = 0.011; and in stress ratings for
FD: � 2(2) = 9.509,P = 0.009 and HLC:� 2(2) = 6.686,P = 0.035.
Post hoc comparisons were carried out with a Bonferroni-
adjusted Wilcoxon signed-rank test, rendering a signi�cance level
at P < 0.017 (.05/3). For 10VQ, scores from the VLT were sig-
ni�cantly higher than scores from the work condition in all vocal
subgroups. For the leisure condition, this held true for FD, HLC,
and C. The results of post hoc tests from 10VQ are presented
in Table 3.

For VAS, scores from the VLT were signi�cantly higher
than scores from the work and leisure conditions only in FD
(VLT to work: Z = Š3.506,P < 0.01, VLT to leisure:Z = Š3.823,
P < 0.01). The VAS scores from VLT were signi�cantly higher
than leisure for HLC (Z = Š2.395,P = 0.017) and HLNC
(Z = Š2.380,P = 0.017). None of the vocal subgroups dis-
played differences between work and leisure conditions for VAS
scores. For FD, the median stress scores from the work condi-
tion (Med= 2) were signi�cantly higher than the in the VLT
(Med = 1), Z = 2.244,P = 0.025, and in the leisure condition
(Med= 1.4),Z = 3.108.P = 0.002. For HLC, the median stress
scores from the work condition (Med= 1.2) were signi�cantly
higher than the in the VLT (Med= 1), Z = 2.244,P = 0.025, and
in the leisure condition (Med= .6), Z = 2.684,P = 0.007. For
HLNC, the stress scores from the work condition (Med= 1) were
signi�cantly higher than in the leisure condition (Med= .5),
Z = 2.325,P = 0.02.

Consistency of voice parameters in voice
health questionnaire
A Spearman rank order correlation was performed to explore how
well overall 10VQ ratings matched overall VAS scores for all
vocal subgroups together. There was a strong positive correla-
tion between the rank of 10 voice questions and VAS scores
(� = .84, P < 0.01), as shown inFigure 6. When broken down

TABLE 3.
Results From Post Hoc Testing With a Bonferroni-Adjusted Wilcoxon Signed-Rank Test, Comparing Median Scores From
10 Voice Questions Across Three Conditions (VLT, Work, and Leisure) in Four Vocal Subgroups (FD, HLC, HLNC, and C)

Group VLT to Work Sig. VLT to Leisure Sig. Work to Leisure Sig.

FD 21 to 15 P = 0.001* 21 to 13 P < 0.01* 15 to 13, NS NS
HLC 16 to 7 P = 0.013* 16 to 4 P = 0.005* 7 to 4* P = 0.012*
HLNC 12 to 3 P = 0.012* 12 to 1 P = 0.017* 3 to 1, NS NS
C 5 to 1.5 P = 0.012* 5 to 1 P = 0.011* 1.5 to 1, NS NS

* Signi�cant differences at P < 0.017.
Abbreviations: NS, not signi�cant; VLT, vocal loading task.
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into subgroups, the correlations were moderate (FD:� = .62, HLC:
� = .62, HLNC: � = Š .43, C:� = .68), all nonsigni�cant.

Research questions revisited

(1) How does vocal behavior in women with diagnosed func-
tional dysphonia (FD) differ from others who also
experience voice problems, but who do not seek therapy?
(How do these two groups compare with control groups?)

There were no signi�cant group differences between FD and
the other three groups regarding vocal behavior across con-
ditions. The other group with voice problems (HLC)
produced notably higher fundamental frequencies during
VLT and work than all other groups. They also showed a
tendency to phonate more than others during work, but not
during leisure or VLT. This may explain why HLC expe-
rience voice problems but, contrary to FD, do not seek help
for them.

(2) How does self-assessed vocal health in women with di-
agnosed functional dysphonia differ from others who also
experience voice problems, but who do not seek therapy?
(How do these two groups compare with control groups?)

FD self-assessed voice problems across all conditions, whereas
HLC did not during leisure. HLNC and C did not record
any voice problems other than in the extreme VLT con-
dition. FD self-assess higher levels of stress than other
groups across conditions.

DISCUSSION
The purpose of this study was to observe vocal behavior and self-
assessed vocal health across three conditions in a population with
varying functional voice problems. We wanted to know what sets
women with functional voice problems who do seek voice therapy
(FD) apart from those who do not seek therapy (HLC), and how
these relate to voice healthy individuals with (HLNC) and without
(C) vocal load. It seems the answer to this question is twofold:
(1) HLC speak more and at a higher fundamental frequency in
vocally demanding contexts compared with others; and (2) HLC

tend to mimic self-assessment of FD regarding incidence of
general voice problems (recorded with VAS) in vocally demand-
ing contexts, but not when asked speci�c voice questions. HLC
react to high vocal loading, prompted prolonged loud phona-
tion, through increased fundamental frequency. This coping
mechanism sets HLC apart from, eg, the clinical population with
Bogart-Bacall syndrome, who are located at the opposite end
of the spectrum, using speaking fundamental frequencies at the
very bottom of their frequency range. For comparison, it would
be of interest to use our method to examine professional voice
users who have very high requirements on their speaking voices
and who more often than others are af�icted by Bogart-Bacall
syndrome.32 HLC also react to high vocal loading through an
increased general sensation of discomfort, which does not nec-
essarily cause speci�c, mechanically measurable parts of the vocal
function to strain, but something vaguer, something that is more
dif�cult to track with our clinical instruments. Consistency
between the two self-assessment tools 10VQ and VAS was gen-
erally high, and the pattern could be seen throughout conditions
and groups. The only exception was HLC’s high VAS assess-
ments in the VLT, which even exceeded FD’s assessment.

An important difference emerged between the two groups with
voice problems: HLC was the only vocal subgroup to self-
assess the work condition with signi�cantly higher VAS scores
than the leisure condition, indicating that there might be such
a thing as a “true” clinical population with occupational voice
problems—probably due to high vocal strain during working
hours. FD, on the other hand, was the only group to report high
prevalence of voice problems (10VQ and VAS) during leisure.
In fact, their report did not differ a lot across conditions. In ac-
cordance with Lyberg-Åhlander et al,13 there is not enough time
during leisure for vocal recovery to occur for the FD group, which
is vital for a healthy voice function.33 HLC scored high on the
general VAS assessment, but not accordingly high on more spe-
ci�c 10VQ assessment. A possible explanation is an inability in
this group to properly assign their voice problems to separate
voice symptoms. There could also be an effect of bias: HLC were
not recruited aspatientswith functional dysphonia, and might
have been careful to score too high when it comes to voice symp-
toms, but the general VAS was perhaps easier or more adequate
for them to use. The functional dysphonia patients (FD) in the
study, on the other hand, showed high self-assessed voice health
scores across all conditions, which probably explains why they
seek help in the voice clinic. FD also report higher prevalence
of general stress across conditions. High stress levels may be
associated with the fact that they are constantly reminded (by
the voice health questionnaire) of their voice problems, which
do not diminish over time.

In a previous study, we developed a method of loading the
vocal function of voice healthy participants.24We considered the
dif�culties of simulating true vocal loading by loud speech during
a length of time set by the participants themselves and sug-
gested changes to the method which were applied in the current
study. Onset and regression of vocal loading effects were
successfully tracked with the former study’s voice health ques-
tionnaire. In order to ensure comparable compliance to the method
during the long-time voice measurement, we are currently

FIGURE 6. A Spearman rank correlation for all vocal subgroups
showing a large positive, signi�cant correlation between scores from
10 voice questions (10VQ, maximum of 40 points) and visual ana-
logue scale (VAS) (100-mm VAS).
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investigating recovery from vocal loading in a parallel study. In
the current study, all subjects �lled out the voice health ques-
tionnaire according to a schedule: once every morning, midday,
afternoon, and evening.An unexpected �nding in the former study
was the pronounced differences in endurance time in the VLT.
In order to minimize this effect, the oral instructions were altered.
Unlike the subjects in the former study, the current subjects were
not informed that the time limit in the VLT was 30 minutes. They
were also told not to terminate the VLT until they perceived a
distinctdiscomfort (Swedish: “tydligt obehag”) from the throat.
The VLT in these studies generate an augmentation of any vocal
load in reality, subjecting the participants to a very heavy vocal
load consisting of speech at high sound pressure levels for as
long as they could muster. Relative phonation time averaged over
1 day is expected to vary.21 However, the results from the VLT
show high time ratios of phonation compared with the other con-
ditions, as this was the only condition showing prolonged high
phonatory intensity. The mean relative phonation time for all sub-
groups during the VLT was approximately 65%. We can argue
for 60%–70% as reference value for maximum time for pho-
nation during loud, prolonged speech based on loud reading in
Swedish as measured withVoxLog. This implies that 100% speech
during 30 minutes equals 60%–70% phonation time. This gives
a smaller factor (1.5) than proposed by Titze et al (factor ca 2),34

which is not surprising owing to language-speci�c phonological
typology.

The current study includes people with con�rmed function-
al voice problems (diagnosed and undiagnosed), which has been
called for in previous research.15 Setting the risk of selection bias
aside, this setup runs the risk of subjects being pressured to certain
expectations, depending on what criteria they were recruited on.
For example, one FD subject who had undergone a full round
of voice therapy told the test leader explicitly that she could no
longer report severe voice problems, because she and her treat-
ing speech language pathologist had agreed that her voice now
was greatly improved. However, the patient was not sure which
aspect of the vocal function had improved, thus making a case
for placebo effect in voice health care. The FDs who had already
undergone voice therapy had other words to describe their voice
problems, which may have had an impact on their self-
assessments. This points out the importance of exact and proper
phrasing of oral instructions and discussions of vocal function
with patients. The subject base may also have affected the results
due to menopausal voice change. HLC held the highest per-
centage (60%) of women above the age of 50 (FD: 20%, HLNC:
40%, C: 20%). This fact might be one of the causes of their vocal
function being particularly sensitive to high vocal use during
working hours, as voice disorders are sensitive to age.35 HLC’s
constant high fundamental frequency could be a coping mech-
anism, trying to compensate for a lack of sex hormone, which
theoretically would lead their fundamental frequency to decrease.36

Such coping could be productive to address in voice therapy for
women in vocally demanding occupations.

Another important difference in the current study is the im-
proved sturdiness of the neck collars now supplied with the
VoxLogby Sonvox, rendering more stable measurements by both
accelerometer and microphone. However, compared with other

vocal dosimeters,VoxLoghas high mean errors in both funda-
mental frequency and sound pressure level measurements.37

The relationship between personality traits and psychologi-
cal health in relation to vocal function needs to be closely
examined, as it may affect vocal behavior.38 The clinical diag-
noses of the patients included in the current study did not
discriminate between muscle tension voice disorders and psy-
chogenic voice disordersad modumBaker et al.12 On recruitment,
all subjects were asked about current psychological health. None
of the FD group declared any underlying psychological health
markers that would indicate PVD, other than generally high stress
levels (as was subsequently con�rmed in the current study). In
all other groups, however, depression and/or fatigue caused by
burnout was noted. One explanation of HLC’s nonspeci�c rec-
ognition of vocal loading though VAS, but not 10VQ, could be
in line with Baker et al.39 Baker et al found lower levels of emo-
tional awareness and higher levels of interest for external
processes, compared with internal processes, in women with pure
muscle tension voice disorders who were compared with pa-
tients with more severe voice problems and voice healthy controls.

The 10VQ was chosen from the voice handicap index22 with
the addition of a question rating general stress levels, as high
stress levels could cause fundamental frequency to increase.40

It was important to keep the recurring questions brief and sen-
sitive to changes in vocal condition. The 8VQ was not as sensitive
to change and seems to be appropriate to use in diagnostics rather
than when tracking change of the vocal function over time within
an individual. There was no clear correlation between stress levels
and eg constant high fundamental frequency in HLC, which could
mean that the question of stress either needs to be investigated
in a different manner or the connection between a certain vocal
behavior and stress is not as clear-cut. From the perspective of
the International Classi�cation of Functioning, Disability and
Health,41 it is important not only to look at the individual when
assessing impact of any functional impairment, but also to see
the bigger picture surrounding the individual, which sheds light
on how much needs to be incorporated into an assessment of
vocal function (health condition: disorder or disease, body func-
tions and structure, activity, participation, environmental, and
personal factors). Self-assessments of vocal quality of life through
voice activity questionnaires may be a good way of individu-
alizing this process.42 Customizing self-assessment to re�ect vocal
function in different contexts could be a helpful way of further
charting functional voice problems.

As has been shown in previous studies,13,14vocal loading seems
to be related, not only to high levels of sound pressure during
prolonged speech, but also to high fundamental frequency and
high levels of relative phonation time. This will cause a strain
to the laryngeal mechanism, but also perhaps lead to higher levels
of general stress. Findings from the current study and previous
�eld studies of female voices call for a general revisit of the stan-
dard fundamental frequency of 180–220 Hz.43

CONCLUSIONS

• Vocal loading is not only dependent on prolonged pho-
nation time at high intensity levels, it also seems to be
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reliant on prolonged phonation time at high fundamental
frequencies.

• Women with high everyday vocal load who experience
voice problems (HLC) reported strain-induced voice prob-
lems during a VLT and during work. This sets them apart
from patients with functional dysphonia (FD) who exhib-
ited voice problems in all conditions, even during leisure.
This may explain why people with voice problems asso-
ciated with their work environment do not seek voice
therapy.
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