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Abstract

Objective. COVID-19 has radically changed medical practice.

The main objective of this study was to assess the impact of

surgical mask (SM) on voice quality analyzes in a group of

patient with different common benign vocal organic pathologies.

Study Design. A cross-over study.

Setting. A group of 20 patients with different organic benign

vocal pathologies was recruited from the ENT consultation

of the University Hospital of Charleroi in Belgium.

Methods. On the day of the assessment, each subject

underwent an endonasal laryngeal videostroboscopy followed

by a voice analysis (VA) with and without a new SM. The

following parameters were analyzed: fundamental frequency,

maximum frequency, range in amplitude and frequency of the

voice, jitter and maximum phonatory time.

Results. In this research, we showed that VA can be

performed with an SM while not changing the measured

vocal parameters. These results also suggest that for the

same individual a VA performed before the pandemic

without SM could be compared to one with a SM to follow

the patient's evolution of his or her voice quality.

Conclusion. The wearing of an SM during VA should always be

recommended in case of immunodeficiency, a contagious

disease of the patient or during a (new) pandemic.
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COVID‐19 has radically changed medical practice.
To minimize the progression of this pandemic,
only urgent cases were initially managed. The

uncertainties of the beginning of the COVID pandemic
have passed and hence the strict application of masking is
no longer required as a standard. New pandemics can

always occur in the future, but even patients that are
immunodeficient or have a contagious disease require
masking. The influence of an SM on voice quality
analyses is thereby a current and pertinent topic to
investigate.

Voice disorders are frequent and are responsible for a
marked deterioration in the quality of life as well as
significant absenteeism in certain professions (teachers,
translators, lecturers, etc.).1,2 They can also be the warning
sign of laryngeal cancer3 and must, therefore, be treated.

In this context, some studies carried out on healthy
subjects have shown that wearing a surgical mask (SM)
does not modify the most commonly analyzed vocal
parameters.4,5

The main objective of this study was to assess the impact
of SM on voice quality analyzes in a group of a patient with
different common benign vocal organic pathologies.

Material and Methods

Ethical Approval
The study was carried out in accordance with the Code
of Ethics of the institutional ethics committee (Comité
d'Ethique Erasme‐ULB. Reference Erasme: P2020/476.
Reference CCB: B4062020000164). Each person included
in the study received a detailed explanation of the process
and the objectives of the study. It was made sure that the
participants fully comprehend the study. No pressure was
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exerted to include someone in the study and at any time
participants were allowed to withdraw from the study
without changing the relationship of trust that was
developed between the participant and their physician
and without prejudice. Oral and written informed consent
was obtained from all participants. The data were
anonymized.

Participants
A group of 20 patients (9 men /11 women; median = 35.2
years, range = 21 – 74 years) with different organic benign
vocal pathologies was recruited from the ENT consultation
of the University Hospital of Charleroi in Belgium. All
subjects did not report any voice training in the past. The
benign lesions consisted of 1 unilateral nodule, 5 bilateral
nodules, 1 contact ulcer, 4 unilateral cysts, 1 bilateral cyst,
1 Reinke edema, 1 unilateral granuloma, 1 combination
of an unilateral polyp and granuloma, 1 acute glottic
inflammation, 3 vocal polyps, and 1 exophytic vocal lesion.
On the day of the assessment, each subject underwent an
endonasal laryngeal videostroboscopy (Olympus ENF)
followed by a voice analysis (VA) (DiVAS—Digital Video
Archive software—Voice Diagnostics System from XION
GmbH) with and without a new SM. Only 1 ENT
specialist performed the videostroboscopy. Two speech‐
language pathologists executed the VA. For each partici-
pant, the running order of VA was randomized (with or
without a mask). The following parameters were analyzed:
fundamental frequency (fo), maximum frequency (Fmax),
range in amplitude (RA) and frequency (RF) of the voice,
jitter, and maximum phonatory time (MPT). All subjects
were cued during each task for compliance. The recording
was performed by reading a standard text ‘L'hiver arrive
avec son cortège’ in French. The acoustic signal was
trimmed to avoid onset/offset of phonation. fo was
determined through a sustained vowel. To measure jitter‐
%, the vowel /a:/of each subject was recorded for 3 seconds.
Afterward, 2 seconds of the midportion of the voice
recording was marked for automated analysis by DiVAS.
The Xion microphone with automatic calibration was
placed at a constant distance of 30 cm (headset). The
headset also incorporates automatic noise cancellation and
provides a separate display of the ambient sound in the
voice profile. All recordings were performed using the
software DiVAS by XION medical, which is the standard
software for voice diagnostics at the department of ENT of
the University Hospital of Charleroi. All voices were
recorded in a sound‐treated chamber, which is used for
routine voice diagnostics at the department. The same
microphone was used during the pre‐COVID and
COVID‐era.

All participants were submitted to a questionnaire for
screening for COVID‐19. The questionnaire was developed
in the institution during the pandemic.

A subject was considered pathological if he or she
considered his or her voice as abnormal for at least 1 week

prior to the date of the examination and a benign organic
laryngeal lesion was identified by videostroboscopy. The
exclusion criteria were all malignant or neurological lesions.

Parameters
fo is defined as the average number of oscillations per
second. It denotes the lowest frequency in a mixture of
harmonic frequencies.

Fmax is the highest frequency during vocal speech.
Jitter is defined as the parameter of frequency variation

from cycle to cycle.
MPT is the maximum amount of time a person can

sustain the phonation of “ah.”
RA and RF gives the vocal leeway in respectively dB

and Hz of the given voice sample.

SM
The Kimberly‐Clark Technol 49214 pleated SM (Kimberly‐
Clark), is a type of SM manufactured by Kimberly‐Clark®,
a company based in Irving, Texas. It is made up of 3
hydrophobic polypropylene layers. This particular mask
was chosen for the study due to Kimberly‐Clark's dominant
market share in the United States for SMs in the health care
sector.6 The mask has also been used in previous
experiments, which have shown its effectiveness in pro-
viding protection and physiological benefits.7

Statistical Analysis
Continuous variables were described using means and
standard deviations or medians and interquartile ranges
according to the normality of parent distributions.
Normality was assessed using QQ plots and Shapiro‐
Wilk tests. Continuous variables were compared using
nonparametric and parametric procedures for paired
samples (Wilcoxon signed‐rank tests and paired t tests).
All tests were 2‐sided with an ⍺ error level of .05. A
P< .05 was considered significant. Statistical analyses
were conducted using the software IBM SPSS Statistics
version 23.0 (IBM).

Results
The data from 20 subjects was collected. Table 1 showed
that wearing a mask did not modify the studied parameters.
In addition, paired t test did not find significant difference
between mask conditions. Hence, we did not observe any
modification of the recorded parameters according to the
running order (Table 2).

Discussion
The way medicine was performed before and after the
start of the COVID‐19 pandemic has completely changed.
Face masks, gloves, protecting shields, more rigorous
disinfection procedures… the list is long. Indeed, our way
of doing medicine has forever changed. The effect of these
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changes on known parameters has not all been investigated
rigorously.

Voice quality evaluation is a widely used examination
by voice specialists. This evaluation method is favored
due to its low costs, noninvasive nature, and ease of
application.8,9 In 2001, the European Laryngeal Society
summited a basic protocol for functional assessment of
voice pathology, which include objective voice quality
evaluations as an essential component.9 Given the
importance of objective voice quality evaluations in
assessing voice pathology, it was reasonable to explore
whether the use of an SM could impact acoustic
measurements in a specific group of patients with benign
vocal lesions. The purpose of this investigation would be

to determine if wearing an SM has any effect on the
objective measurements of voice quality in individuals
with benign vocal lesions.

The use of face masks by the general public is
ubiquitously appraised to be of high value in minimizing
community transmission during the pandemic.10 Previous
studies have shown that wearing an SM use for a duration
of 1 hour at a low‐moderate work rate does not have any
clinically significant physiological impact or significant
subjective perceptions of exertion or heat.7 In addition,
other studies have shown that wearing an SM did not
alter the vocal parameters analyzed in groups of healthy
adults.4,5 However the impact of an SM on VA has not
yet been studied in a group of patients with different
common benign vocal organic pathologies. This study is
essential to be able to confidently assess the voice
parameters recorded by voice patients when asked to
wear an SM for the procedure. The aim of this study was
to determine if wearing an SM could influence the various
parameters recorded with a microphone during a
standard VA. Indeed, in current practice, the removal of
the mask by the patient during this examination could
contribute to contaminating the medical equipment, the
examiner or a (another) patient.

The uncertainties of the beginning of the COVID‐19
pandemic have passed and hence the strict application of
masking is currently no longer required as a standard. New
pandemics can always occur in the future. Indeed, a new
analysis of novel disease outbreaks of infectious illnesses
over the past 400 years in the Proceedings of the National
Academy of Sciences11 suggests that statistically extreme
events are not as rare as we may think. Together with recent
estimates of increasing rates of disease emergence from
animal reservoirs associated with environmental change, this
finding suggests a high probability of observing pandemics
similar to COVID‐19 (probability of experiencing it in one's
lifetime currently about 38%), which may double in coming
decades. The influence of an SM on voice quality analyses is
thereby a current and pertinent topic to investigate.

The type of microphone may impact the voice quality
measurement results.12,13 In this study, a Xion microphone
with automatic calibration placed at a constant distance of
30 cm (headset) was utilized. As a result, the distance
between the patient's mouth and the microphone and the
positioning remain constant at all times. When the patient
moves his head, the microphone moves along, which
ensures stable recording. The headset's built‐in electronics
ensures automatic calibration of the microphone. The
headset also incorporates automatic noise cancellation and
provides a separate display of the ambient sound in the
voice profile. These features enhance the reliability of the
measurements by reducing background noise and allowing
a better analysis of the patient's voice. The obtained results
are, therefore, reliable and reproducible.

A previous study worked with a speech production
dummy model and prerecorded human audio voice samples
instead of human speakers.14 The limitation of this study is

Table 1. Descriptive Data of the Studied Vocal Parameters and

Statistical Comparisons of These According to the Wearing of the

Mask or Not (SM+/SM−)

Voice parameter SM Median Q1–Q3 P value

fo (Hz) SM+ 158 132.5–195 .325

fo (Hz) SM− 149.5 126.5–183.25

Fmax (Hz) SM+ 324.5 254.5–387 .872

Fmax (Hz) SM− 324 263.5–385.25

Jitter (%) SM+ 56 42–77 .422

Jitter (%) SM− 57.5 41–79

RF (Hz) SM+ 188 147.75–273 .668

RF (Hz) SM− 206 152–251.75

RA (dB) SM+ 34 28–39.25 .154

RA (dB) SM− 32 24.25–36.75

MPT (s) SM+ 10.9 6.6–15.275 .304

MPT (s) SM− 10.25 6.55–14.1

Abbreviations: Fmax, maximum frequency; fo, fundamental frequency; MPT,

maximum phonation time; Q, quartile; RA, range in amplitude of the voice

sample; RF, range in frequency of the voice sample; SM, surgical mask.

Table 2. Descriptive Data of the Studied Vocal Parameters and

Statistical Comparisons of These According to the Running Order

Voice

parameter

Running

order Median Q1–Q3 P value

fo (Hz) 1 141.5 126.5–194.25 .490

fo (Hz) 2 161.5 141–199.75

Fmax (Hz) 1 324 271–387 .219

Fmax (Hz) 2 324.5 249.25–385.25

Jitter (%) 1 49.5 39–81.75 .444

Jitter (%) 2 60.5 42.75–74

RF (Hz) 1 206 156.5–273 .135

RF (Hz) 2 188 144.75–253.25

RA (dB) 1 35 28–39.25 .309

RA (dB) 2 32.5 28–36.75

MPT (s) 1 10.9 6.725–14.15 .107

MPT (s) 2 9.3 6.425–14.85

Abbreviations: Fmax, maximum frequency; fo, fundamental frequency; MPT,

maximum phonation time; Q, quartile; RA, range in amplitude of the voice

sample; RF, range in frequency of the voice sample; SM, surgical mask.
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that no speech movements were involved and the effects of
SM on speech behaviors and intentions to move articu-
lators while wearing an SM were not investigated.

In this research, we showed that VA can be performed
with an SM while not changing the measured vocal
parameters. These results also suggest that for the same
individual a VA performed before the pandemic without
SM could be compared to one with a SM to follow the
patient's evolution of his or her voice quality.

A study by Ribeiro et al indicates that a face mask
increases the perception of vocal symptoms and discom-
fort.15 To avoid any voice fatigability effect in our study a
randomization process was implemented to the order of
testing with and without an SM. Indeed by randomly
assigning, the potential impact of voice fatigue on the
measurements can be distributed evenly across the study
group. This approach ensured that the order of testing
was assigned in a way that did not introduce bias or
additional discomfort for the participants.

Furthermore, we also showed that the running order did
not have any influence to the measured vocal parameters
and therefore, there does not seem to be any recorded
vocal fatigue for the number of parameters that we tested.
Each participant was also provided with a new SM out of
the same box, which was kept at the department. This
ensures that the type and condition of the SM did not vary
among the patients, avoiding the potential for the mask
itself to influence the recorded parameters.

Although these results are encouraging to confidently
analyze the voice parameters of our voice patients, further
studies on larger numbers are needed to confirm these
results. The inclusion of subjects with only benign lesions is
also a limitation of this study. A new study with the same set
up in patients with vocal fold immobility (vocal fold
paralysis, vocal fold paresis, vocal fold atrophy) or even
more irregular tissue deformities (malignant lesions) is
needed. It would also be interesting to assess how an
FFP2 or FFP3 mask or even a facial screen could influence
voice parameters in healthy and pathological voice subjects.

Conclusion
This study seeks to assess the potential effects of wearing
an SM on VA parameters and determine if patients can
wear masks during the examination without compro-
mising the accuracy of the results or posing a risk of
contamination.

Our study showed that the wearing of an SM did not
influence voice parameters during VA in a group with a
patient with benign vocal lesions. The wearing of an SM
during VA should hence always be recommended in case
of immunodeficiency or contagious disease of the patient
or during a (new) pandemic.
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