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Effect of Face Mask on Voice Production During COVID-19
Pandemic: A Systematic Review
*

Sheela Shekaraiah, and †Kiran Suresh, *Manipal, Udupi, and yMangalore, India
Abstract: Objective. The Coronavirus Disease 2019 (COVID-19) is an ongoing global pandemic and wearing
face mask is recommended across the globe to break the transmission chain of infection. The masks available in
the market are of different types and materials and tend to alter the voice characteristics of the speaker. This can
therefore impair optimal communication and the present study is a systematic review exploring the effect of various masks on voice production parameters.
Study Design. Systematic review.
Materials and Methods. The titles and abstracts screening was carried out for the inclusion of articles using
eight electronic databases spanning the period from 1st January 2020 to 30th April 2021. 10 articles (8 published
& 2 in pre-print) that met the inclusion criteria were considered for this systematic review and the pooled age
range was 18 −69 years.
Results. Three primary studies from the USA, 2 each from Australia & Italy, one each from Brazil, China, and
Germany were found to have investigated the inﬂuence of wearing N95, KN95, surgical and fabric masks on
voice related measures. The users signiﬁcantly reported vocal fatigue, discomfort, and also perceived voice problems. Attenuation of speech sound amplitude was highest for the transparent mask followed by cloth mask, N95,
KN95, and surgical mask.
Conclusion. The World Health Organization (WHO) has been repeatedly endorsing the need to use a face mask
in the current COVID-19 pandemic. However, for an unintruded voice production, the surgical mask is recommended for everyone, including healthcare professionals when they are not in close contact with patients, and not
involved in aerosol-generating procedures. For teachers, doing direct teaching (ofﬂine classes), ‘surgical mask’
can reduce the vocal load of teachers, smoothen the teacher-student interaction and thereby facilitate better learning by the students. Additionally, it would be useful to protect oneself from the risk of developing voice problems
by following standard vocal healthcare tips.
Key Words: COVID-19−Face mask−Mask−Voice−Perceptual−Acoustic−Aerodynamic−Physiological.

INTRODUCTION
Coronavirus disease 2019 (COVID-19) is the respiratory
disease ﬁrst identiﬁed in humans at Wuhan, China, in
December 2019, and was declared as ‘pandemic’ by the
World Health Organization (WHO) on 11th March 2020.1
The use of personal protective equipment (PPE), quarantining, isolation, social distancing, respiratory and hand
hygiene are further recommended to control the spread of
infection.2 Face masks are an essential component of the
PPE and the popular varieties are respirator masks (N95/
KN95), surgical, and fabric masks. N95 mask (US standard) usually consists of 3 layers- an outer and inner layer
of spun-bond polypropylene, and melt-blown polypropylene ﬁlter material in the middle. KN95 (Chinese standard)
mask consists of 4 layers- outermost and innermost layer of
spun-bond polypropylene, along with 2 layers made
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respectively of melt-blown polypropylene ﬁlter material,
and cotton ﬁbers, in the middle.3 Both the respirators are
designed with 95% ability to ﬁlter the particles in the environment using static electricity which requires tight-ﬁtting,
and hence might be uncomfortable.4 Surgical mask (medical/procedure mask) approved by the United States Food
and Drug Administration (USFDA) consists of usually
three layers- an outer and inner layer of blue, non-woven
fabric polypropylene, with a ﬁltering material in the middle
made from ‘spun bond-melt blown-spun bond’ technology.3
A fabric mask (Cloth mask) is usually 2-layered and tightly
woven either from a single fabric of cotton or with other
fabric material.3 Both surgical and fabric mask protects
from large droplets and does not require tight-ﬁtting.4
Air ﬁltration efﬁciency of N95 is reported to be 10%
higher compared to KN95 under the pristine conditions as
the ‘ﬁlter’ layer of N95 is 8-fold thicker and the ‘ﬁtting’ factor is 10-fold higher than KN95.5 Some of the KN95 masks
are reported to perform similar to N95, although not
approved by National Institute for Occupational Safety and
Health (NIOSH, USA).5 Undoubtedly, respirators with an
established level of air ﬁltration ability achieve better ﬁltration of airborne particles than surgical masks if used properly and continuously.6 Hence, these respirators are
recommended for healthcare professionals who are in very
close contact with patients and involved in aerosol-generating procedures (AGPs). A review suggested that
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conventional surgical masks do not offer protection against
high-risk AGPs.7 However, another review suggested that
surgical mask offers a similar level of protection against
viral respiratory infection during non-aerosol generating
procedures as N95 respirators.8 Hence, this surgical mask is
commonly recommended for all other healthcare professionals, who are not in very close contact with patients and not
involved in AGPs. The air ﬁltering efﬁciency of the cloth
mask is generally lower than that of surgical masks and/or
respirators9,10,11and yet, better than no masks at all. However, another review reported that the efﬁciency can be
improved when made up of two layers of different fabrics
(cotton & chiffon, cotton & silk) or cotton quilt made with
multiple layers.12 Therefore, this cloth mask is recommended by the WHO and United States Centers for Disease
Control and Prevention (US, CDC) for the general public in
non-medical settings, along with 6 feet of physical distance.
In this pandemic, the person has to breathe with the mask
on, as well as communicate wearing it. A review of the literature suggests that wearing masks impairs communication in
medical and non-medical healthcare workers.13 Self-perceived

symptoms of increased vocal fatigue, vocal discomfort, and
vocal effort in individuals who wear the mask for professional
activities compared to essential activities have also been
reported.14 Prevalence of voice problems can vary from mild
to severe, in healthcare workers wearing a mask during this
pandemic.15 Voice problems can be a result of the type of
mask used, as these masks vary in terms of composition, ﬁlter, ﬁtting type, and thickness (layers). Till date, a systematic
review on the voice changes across types of masks is not
available. In this context, this study will provide a comprehensive review of the available literature to the general population as well as various professionals regarding the effect of
wearing different masks on healthy individuals’ voices. This
can be useful in educating individuals regarding the selection
of appropriate masks, without considerable aberrations of
voice in order to have optimal communication.
METHOD
Study design: A systematic review was completed by following the ‘Preferred Reporting Items for Systematic Review
and Meta-Analyses Protocols’ (PRISMA-P)16 (Figure 1).

FIGURE 1. PRISMA chart for the present systematic review.
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Study Selection Criteria: Studies published in scientiﬁc
journals (‘print’ as well as ‘pre-print’ versions) involving
only original data that satisﬁed the following criteria were
considered: studies with the objective of investigating voice
measures in individuals wearing masks during COVID-19
pandemic, males and/or females aged 18 years and older
wearing masks were considered. In addition, studies involving all types of research study designs were included. Effect
of wearing the mask on voice, in terms of perceptual/ acoustic/ aerodynamic/ physiological parameters should have
been the target outcome reported, and the studies should be
published in English. The exclusion criteria involved eliminating case reports, case series, letters to editors, short communication, conference abstracts as they have been
considered as the lowest level of evidence.17
Search Strategy: The literature search strategy followed
the PICO Model, where P (Population of interest) is individuals wearing the face mask, I (Intervention) and C (Comparison) are not applicable, and O (Outcome) is voice
measures. Cochrane collaboration18 and Preferred Reporting Items for Systematic review and Meta-Analyses
(PRISMA) guidelines19 were followed to carry out the
review. Electronic databases such as ‘Cochrane Central
Register of Control Trials (CENTRAL), Cumulative Index
to Nursing and Allied Health Literature (CINHAL),
Embase, Ovid Medline, ProQuest Medical Library,
PubMed/Medline, Scopus, and Web of Science (WOS)’
were used to search articles published between the year 1st
January 2020 and 30th April 2021. A combination of keywords (Table 1) was used to identify the primary studies in
the databases. These keywords were used to develop search
strings as per the requirements of the databases using Boolean operators (AND, OR). The title, abstract, and full-text
screening was done by two independent reviewers (SS and
KS). A manual search of various journals did not provide
any additional relevant studies (SS and KS). In total, ten
journal articles reporting primary studies (8 published & 2
in pre-print) were included in the systematic review.

TABLE 1.
Keywords Used to Identify the Primary Studies
Keywords

Synonyms

#1
#2

"Effect" OR "influence" OR "impact"
"Face mask" OR "face cover" OR "face
guard" OR "face shield" OR "respirator"
OR "mask filter"
"Voice" OR "speech" OR "speaking" OR
"talking" OR "communication"
"COVID-1900 OR "2019 coronavirus disease"
OR "coronavirus disease 201900 OR "2019
novel coronavirus" OR "2019-new coronavirus" OR "2019-nCoV" OR "coronavirus" OR "COVID" OR "corona" OR "SARSCoV-200

#3
#4

3

Effect of face mask on voice during COVID-19

Data Extraction and Management: The data was synthesized from the10 studies using the tabular form to provide
descriptive summaries of selected studies to readers. The
data was tabulated in terms of the name of the author(s),
title/time of publication, type of mask with manufacturer
details, study design, participants, gender, age-range, inclusion/exclusion criteria, questionnaire/instrument used,
measures studied, and ﬁndings. The age across studies
ranged from 18 to 69 years. As the necessary information
required to answer the study questions had been published
in the research articles, no additional communication with
the authors was done.
Quality appraisal and level of evidence analysis of
included studies: A methodological ‘quality appraisal’ of
each study was carried out by developing a tool of 16 questions with a ‘yes/no’ response (Table 2). The tool was developed based on standard appraisal forms ‘critical review
form-quantitative studies’,20 standard guidelines of ‘quality
assessment tool for observational studies of cross-sectional,
case-control & cohort research design’21 and also quantitative study appraisal, part of ‘mixed methods appraisal tool
(MMAT) version 20180 .22 The response ‘Yes’ was rated as 1
and ‘No/Not reported’ was rated as 0. Studies that scored

TABLE 2.
The Methodological Quality Appraisal Tool
Item
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

13.

14.
15.
16.

Questions
Was the research objective clearly stated?
Was the study population specified and
defined?
Were all the participants recruited from the
same population in the same period?
Were inclusion and exclusion criteria for the
participants defined in the study?
Was the research design mentioned?
Was the sampling method mentioned?
Was the pilot study tested or reviewed before
the actual study?
Was the sample size justification provided?
Were the outcome measures defined clearly?
Were ethical approval and informed consent
obtained?
Was the order of 'mask condition' and 'no mask
condition’ randomized?
Were the outcome assessors (or raters) blinded
to the participants' exposures/interventions
(‘mask condition' and 'no mask condition’)?
Was the loss to follow-up after baseline testing
(mask condition /no mask condition) 20% or
less?
Were the tools tested for their reliability and
validity?
Was the statistical analysis appropriate to
answer the research question?
Was there a mention of the settings under which
the findings could be applied?
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TABLE 3.
Quality Assessment of Primary Studies Included
Study ID
14

Ribeiro et al
Heider et al 15
Corey et al 25
Bottalico et al 26
Cavallaro et al 27
Magee et al 28
Fiorella et al 29
Nguyen et al 30
Rahne et al 31
Lin et al 32

Items
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

1
1
1
1
1
1
1
1
1
1

1
1
0
1
1
1
1
1
1
1

1
1
0
1
1
1
1
1
1
1

1
1
0
1
1
1
1
1
1
1

1
1
0
0
0
0
0
1
1
0

0
0
0
0
0
0
0
0
0
0

0
0
0
1
0
0
0
0
0
0

0
1
0
1
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
0
1
1
1
1

0
0
0
0
0
0
0
1
0
0

0
0
0
0
0
1
0
0
0
0

1
1
1
1
1
1
1
1
1
1

0
0
0
0
0
1
0
1
0
0

1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1

Quality appraisal
score (%)
62.50
68.75
37.5
68.75
56.25
62.50
56.25
75.00
62.5
56.25

Rating of 1 for ‘Yes’ and 0 for ‘No/Not reported’; Quality appraisal score (%) = Total score obtained for a study/ Total number of items (16), multiplied by 100;
Weak: 0% − 33.9%; Moderate: 34% − 66.9%; Strong: 67% − 100%.

0-33.9% were considered weak; 34%—66.9%, moderate;
and 67%—100%, strong.23
The ‘Grades of Recommendation, Assessment, Development and Evaluation approach’ (GRADE)24 tool was used
to grade the ‘level of evidence’ based on the methodology
used in each study. ‘High quality’ rating was given for randomized trials, ‘moderate’ for downgraded randomized trials or upgraded observational studies, ‘low’ for
observational studies, and ‘very low’ for case series/case
reports. Both ‘quality appraisal’ and ‘level of evidence’ tools
were independently administered by two reviewers (SS &
KS) and compiled. 100% agreement was observed between
the reviewers for screening as well as shortlisting the primary studies.
RESULTS
The methodological appraisal was carried out using the tool
mentioned in (Table 3). The quality appraisal score (%) was
used to categorize the studies: 7 studies were categorized as
‘moderate’ and 3 as ‘strong’ (Table 3).
As per the GRADE approach, 8 out of 10 studies were
rated to have a ‘low’ level of evidence.14,15,25-27,29,31,32
Because, six studies had employed cross-sectional observational study design,14,15,26-27,29-32 whereas 2 studies with
experimental designs25-31 did not randomize the order of
‘mask/no mask condition’ (item 11) and the outcome assessors (or raters) were not blinded to the participants’ ‘mask
condition’ and ‘no mask condition’ (item 12). The remaining 2 out of ten studies were rated as ‘moderate’.28,30
Because, in 1 study, outcome assessors (or raters) were
blinded to the participants’ ‘mask condition’ and ‘no mask
condition’ (item 12) although observational study design
was used,28 and in another study, the order of ‘mask/no
mask condition’ was randomized (item 11).30
Table 4 provides the important identifying details of
ten studies in terms of the title of the study, time of publication, country of study, types of masks studied, and

its manufacturer. These studies have investigated the
inﬂuence of wearing respirators (N95 & KN95), surgical,
various fabric, and transparent masks on voice-related
parameters. Out of ten studies, three studies were carried
out in the USA, two each in Australia & Italy and one
each in Brazil, China, and Germany. Out of ten primary
studies, eight were already published and two were preprint articles that investigated the effect of wearing a
mask on various voice measures.
Table 5 provides the summary of ten included studies investigating the effect of wearing a mask on voice production.
These studies have used few self-rating scales and various
acoustic measures to identify and quantify the voice problem
following wearing a mask during this pandemic. Out of ten
studies, 2 studies14,15 have used previously validated selfreported questionnaires such as the Brazilian Portuguese version of vocal fatigue index (VFI),33 self-perception of vocal
tract discomfort scale (VTDS)34 and Spanish validated Voice
Handicap Index (VHI-10)35 to identify vocal fatigue, discomfort and voice handicap problems respectively. Same 2 studies14-15 have also used author-developed questionnaires such
as self-perception of vocal effort-5 point Likert Scale
(0 = Never, 5 = Always) and an anonymous ‘self-perceived
voice symptoms-23 item questionnaire survey’ to identify
vocal effort, and perceived voice problems. The remaining
eight studies have researched the acoustic measures25-32 and
one has also investigated an aerodynamic measure along
with.29
DISCUSSION
The current systematic review aimed to identify the available literature on changes in voice in individuals wearing
various face masks. Total 10 studies suited the selection criteria and were included for the ﬁnal review. The discussion
is based on the changes in voice in terms of variables of selfreported voice changes, acoustic measures, and aerodynamic measures noted across studies.
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TABLE 4.
Identifying Details of the Studies Included with the Masks Used
Study ID
14

Title of the study

Time of publication

Place of study

Type of mask studied and
Manufacturer

Effect of Wearing a Face Mask on
Vocal Self-Perception during a
Pandemic
Prevalence of Voice Disorders in
Healthcare Workers in the Universal Masking COVID-19 Era
Acoustic effects of medical,
cloth, and transparent face
masks on speech signals

1st October 2020

Federal University of Sergipe,
Sergipe, Brazil

N95 mask, disposable mask, and
cloth mask

2nd October 2020

Santiago, USA

Surgical mask and self-filtering
mask

27th October 2020

The University of Illinois at
Urbana-Champaign, Urbana,
Illinois, USA

26

Effect of masks on speech intelligibility in auralized classrooms

24th November 2020

The University of Illinois at
Urbana-Champaign
Illinois, USA

27

Acoustic voice analysis in the
COVID-19 era
Effects of face masks on acoustic
analysis and speech perception: Implications for peri-pandemic protocols

24th November 2020

University of Bari “Aldo Moro”,
Italy
The University of Melbourne,
Australia

Surgical mask, N95 respirator,
KN95 respirator, six cloth
masks of a different fabric (cotton, jersey, spandex, denim,
bedsheet polyester), and two
cloth masks with a transparent
window (Vinyl window & polyvinyl chloride window)
Fabric mask, Surgical mask, N95
mask, and an elastomeric halfmask air-purifying respirator
(EAPR)
Surgical mask

29

Voice Differences When Wearing
and Not Wearing a Surgical
Mask

10th March 2021

University of Bari, Bari, Italy

30

Acoustic voice characteristics
with and without wearing a
facemask
Influence of face surgical and
N95 face 2 masks on speech
perception and 3 listening
effort in noise

11th March 2021

University of Sydney, Sydney,
Australia

23rd March 2021 (pre-print)

Martin Luther University Halle
Wittenberg, Germany

Effects of Medical Masks on
Voice Assessment During the
COVID-19 Pandemic.

27th April 2021 (pre-print)

Beijing Tongren Hospital, Capital Medical University, Beijing,
China.

15

25

28

31

32

10th December 2020

Self-reported measures of voice
Self-reported measures of voice provide one’s perception
about the existence of voice-related problems. A study,14
has exclusively investigated the self-reported voice measures
in terms of vocal fatigue, discomfort, vocal effort, perceived
voice problem, and compared between the WG group and
EAG group. The WG group had reported signiﬁcantly

Standard surgical mask (Regulated under 21 CFR 878.4040),
Cloth mask (2-layered cotton),
and N95 mask (Electrostatic
non-woven polypropylene
fiber containing a filtration
layer)
Surgical mask-the three-ply
material consists of a meltblown polymer, most commonly polypropylene, placed
between two layers of nonwoven fabric
Surgical mask and KN95 mask

Foliodress LOOP TYPE IIR surgical face masks (CMC Medical
Devices & Drugs, Malaga,
Spain) according to European
standard EN 14683 and 95
mask -RSN95B FFP2 NR particle filtering half masks (Rysam
Medical Equipment
Manufacturing, Donguan City,
China)
Medical mask

higher vocal fatigue index score, VTDS score (both frequency, intensity), and perceived vocal effort rating compared to the EAG group. In another study,15 self-reported
voice problem was compared among three groups (Group I,
II & III) based on working duration. Irrespective of group
type, 21.56% (47) had signiﬁcantly perceived mild voice
problems, 11.10% (24) had severe voice problems.
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In continuation to the same study,15 58 (26.24%) had an
abnormal VHI 35 score (>11) compared to ‘no mask condition’, VHI score was signiﬁcantly affected with mask condition in terms of duration, mask types & use (single or
simultaneous), different healthcare personnel and no. of
working hours. VHI score was also more in individuals who
wore the mask for 4−8 and 8−12 hours duration than those
who used it only for 1−4 hours. VHI score was more in individuals who wore two masks simultaneously (self-ﬁltering &
surgical) than those who used a single mask. Nurses had
more VHI than physicians, medical residents, and SpeechLanguage Pathologists (SLPs). Those working in intermediate and intensive care units had more scores than those
working in general wards. Those healthcare personnels who
worked 44 hours per week (Group I) had more VHI followed by those who worked 24 hours per week with 3 free
days subsequently (fourth shift) (Group III), and 22 hours
per week (Group II).
Overall, the perceptual measures of voice across reviewed
studies suggested that the individuals who wore a mask for
their professional activities, as well as essential activities,
perceive signiﬁcant symptoms of voice problems in terms of
vocal fatigue, discomfort, and effort. Health-care professionals have a potential risk of developing voice disorders
based on their mask characteristics (duration, type, and use)
and working characteristics (no. of working hours & working place).

Acoustic measures of voice
Along with perceptual measures, acoustic measures are also
commonly used in routine clinical voice assessment procedures. The acoustic analysis of voice provides information
on the source and ﬁlter characteristics of the signal. Generally, various types of instruments are used to objectively
quantify the voice problems in terms of the fundamental frequency, intensity, perturbation, and noise-related measures.
Many studies carried out on fundamental frequency related
measures (f0 mean, Hz; f0 CoV, %), intensity related measures (mean intensity, dB; Intensity prominence dB; p95
Intensity), and perturbation related measures (Jitter, %;
Shimmer, %) reported no signiﬁcant difference between ‘no
mask’ and ‘mask’ conditions with surgical, N95/KN95, and
cloth masks.27-30 In contrary to these ﬁndings, a study32 is
in partial agreement with the above ﬁndings which has
reported no signiﬁcant difference between ‘no mask’ and
‘surgical mask’ conditions for ‘f0’measure and signiﬁcant
difference between ‘no mask’ and ‘surgical’ mask conditions
present for ‘SPL (dB), Jitter (%) and shimmer (%)’. That is,
the intensity was increased and perturbations were
decreased compared to the ‘no mask’ condition. The
authors have attributed the decreased frequency and amplitude perturbation to the increasing trend in fundamental
frequency and signiﬁcantly increased intensity. Also, in
another study 29 35% of participants reported an increase in
loudness and a 65%, decrease in vocal loudness for the
‘mask condition’.
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Overall, most of the acoustic parameters related to
‘fundamental frequency measures’ are unaffected by
wearing a mask. But, wearing a mask might alter ‘intensity-related’ measures. Both frequency and amplitude
perturbations are also unaffected or even reduced by
wearing a mask. That is, the acoustic measures of ‘pitch’
as well as ‘voice quality’ correlates are not affected by
wearing a mask. But the acoustic measures of ‘loudness’
correlate might be affected by wearing a mask. The
changes in loudness measures can be attributed to the
effects of the mask such as acoustic attenuation property
of mask, difﬁculty in coordination of speech and breathing, altered feedback, vocal adjustment based on proximity along with social-distancing.46-47,14,25-26,28,30-31
Mask acts as a low-pass acoustic ﬁlter for speech ie mask
attenuates the intensity in the speech frequency ranges esp.
at mid and high frequency, attenuating the speakers’ volume
of the voice.48,14-15,25-26,30-31 The use of the mask leads to a
pressure drop across the mask resulting in reduced airﬂow
intake. This in turn results in difﬁculty in coordinating respiratory-laryngeal systems during speech production leading
to reduced loudness.14-15 The occlusion effect of the mask
might lead to altered self-auditory feedback and the user
might tend to speak softly than normal47,23,30 or loudly than
normal.32 The ‘vocal effort adjustment’ based on the proximity46 especially ‘6-feet social distancing’ between speaker
and the listener which has to be followed in this pandemic
might have led to the perceived decrease or increase in loudness. In general, a mask user has increased demand and
overload to the glottis to compensate for the effects of a
mask (acoustic attenuation, breathing difﬁculty, altered
feedback) along with ‘social distancing’ on voice projection.
But, those individuals who speak wearing the mask for a
prolonged time, compensating these effects along with
improper vocal adjustments might misuse or abuse their
voice. Such users self-perceive the increased vocal effort, discomfort, fatigue, and also are at risk for developing voice
disorders.
Studies carried out on noise-related measures such as
CPPS and HNR reported no signiﬁcant differences between
‘no mask’ and ‘mask’ conditions.27,28,32 On the contrary,
another study is in partial agreement with the previous
study, reporting no signiﬁcant difference between ‘no mask’
and mask conditions for CPPS, but reporting a signiﬁcant
increase in HNR while wearing either a surgical mask or
KN95 compared to ‘no mask’.30 The HNR is a more sensitive acoustic measure that quantiﬁes the relative noise in the
voice signal49 and it was found to be improved with surgical
and KN95 masks30 This infers that though altered auditory
feedback reduces the vocal monitoring ability leading to
change in voice quality,50 wearing a mask facilitates optimal
voice quality. That is, wearing a mask reduces vocal constriction and increases frontal resonance similar to covering
the mouth with either hand,51 or using a semi-occluded ventilation mask,52 facilitating more effective voice production
in individuals with dysphonia as well as in those without
dysphonia. However, further research is warranted to

Study ID

14

15

Study design/
Participants (n)/
gender, age range

Inclusion/
Exclusion criteria

Participants’ profession

Type of questionnaire/
instrument used- task

Measures studied

Findings during ‘no
mask’ condition

Cross-sectional;
n = 468 (122 males,
346 females); 18 −
59 years

Individuals diagnosed with a
voice disorder/ COVID-19,
and non-residents of Brazil
were excluded.

Wearing a mask for professional and essential
activities during the
pandemic (WG group);
Wearing mask only to
perform essential
activities during the
pandemic (EAG
group).

VFI - Brazilian Portuguese
version 33
Self-perception of VTDS Brazilian Portuguese
version 34

VFI total mean score

-

VTDS frequency subscale total mean
score
VTDS severity subscale total mean
score
Vocal effort mean
score

-

WG = 21.66§8.99;
EAG = 19.61§7.96
WG = 7.87; EAG = 4.98

-

WG = 14.72; EAG = 9.44

Nurses, physicians, medical residents, physical
therapists, speech-language pathologists
(SLP), and nursing
assistants

No. of participants
(%)

-

Spanish validated
VHI-10 35

VHI score

-

Not stated

Speechreading recorded
for 30 s

Sound level attenuation (dB)

-

‘Consonant-NucleusConsonant (CNC)’
word list of monosyllabic words with equal
phonemic distribution
36-37
recorded using
compact disc 38
‘Praat’ software (version
6.1.16)-Sustained
vowel /a/ at comfortable pitch and
loudness.

Sound level attenuation dB

-

25

n=1

26

n = 1, male

A male speaker with a standard American English
dialect.

Not stated

27

n = 50 (20 males, 30
females); 26 − 69
years

Individuals with an ability to
sustain vowels for at least
10 s were included. Individuals with a current or history of voice disorder and
voice therapy taken, or with
a history of respiratory
infection in 2 weeks before
recording, were excluded.

Not stated

Mean pitch (Hz)
Number of pulses
Mean HNR
Jitter (%)
Shimmer (%)

185.52§ 55.12
575.00§ 168.76
20.92§3.47
0.298§ 0.124
3.165 §1.572

Low

WG = 2.28
EAG = 1.99
67.43% (147) no voice
problem, 21.56% (47)
mild and 11.10% (24)
severe
160 had normal score &
58 abnormal scores
(>11)

Low

Transparent − 8; Cloth 6.36; N95 − 5.4; Surgical − 2.8; KN95 − 2.6;
Peak attenuation (>1
kHz): N95 − 6; Surgical;
KN95 − 4
Fabric − 4.2; N95 − 2.9;
Surgical − 2.3

Low

183.52§51.13
574.18§157.88
20.91§3.44
0.327§ 0.134
3.34 §1.420

Low

Low

Effect of face mask on voice during COVID-19

Three groups of participants:
Group I-44 hours/week shift
with 8 hours daily; Group
II-22 hours/week shift with
4 hours daily; Group IIIFourth shift modality with
24 hours on-duty followed
by 3 days off.
Not stated

WG = 0.66§0.90;
EAG = 0.57§0.72

Level of
evidence

(Continued)
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Cross-sectional;
n = 221 (54 males,
167 females);
18 − 59 years

Self-perception of vocal
effort Likert rating
scale 14
Self-Perceived Voice
Symptoms -23 item
questionnaire survey
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TABLE 5. (Continued )
Study ID

28

n = 7 (4 males, 3
females); 21 − 39
years

n = 60 (24 males, 36
females), 26 − 69
years

Inclusion/
Exclusion criteria
Individuals with English
speaking ability and with
no history of voice, cognition, neurological impairments were included.

Individuals with the ability to
sustain a vowel for at least
10 s were included.
Individuals with a current
or history of voice disorder
and voice therapy, or with a
history of respiratory infection in 2 weeks before
recording, were excluded.

Participants’ profession

Not stated

Workers of the ENT
Department of the
Polyclinic Hospital,
University of Bari
“Aldo Moro”, Italy.

Type of questionnaire/
instrument used- task

Measures studied

‘Praat’ 39-Sustained
vowel /a/; Reading
phonetically balanced
‘Grandfather
Passage’ 40 text

Mean intensity (dB)

71.54§3.89

p95 Intensity

72.66§3.76

Mean f0 frequency
(Hz)

155.80§63.25

f0 CoV (%)

0.71§0.09

CPPS (dB)

19.52§2.74

HNR

20.30§3.66

Jitter (%)

0.32§0.06

Shimmer (%)

1.51§0.23

Spectral tilt (dB)

-30.82§1.43dB*

MPT(s)

25.58§5.79 for
males, 20.64§3.97
for females
131.8§24.40 for
males, 213.34§
41.40 for females

‘Praat’ 41 Sustained
vowel /a/ at comfortable pitch and
loudness.

Mean f0 frequency
(Hz)

Findings during ‘no
mask’ condition

68.54§6.72 for
males, 70.07§5.88
for females
429.08§111.91 for
males, 644.47§
136.54 for females

No. of periods

428.08§111.91 for
males, 643.47§
136.54 for females

Mean HNR (dB)

18.91§3.80 for
males, 21.08§3.76
for females
0.38§0.26 for males,
0.30§0.12 for
females
4.45§1.22 for males,
2.98§1.22 for
females

Jitter (%)

Shimmer (%)

Surgical-71.73§4.34;
N95-71.85§4.31;
Cloth-72.26§2.78
Surgical-72.87§4.3;
N95-72.95§4.37;
Cloth-73.52§2.84
Surgical-155.4§64.64;
N95-156.4§61.32;
Cloth-169.77§45.03
Surgical-0.77§0.08; N950.65§0.08; Cloth-0.65§
0.06
Surgical-19.16§1.87;
N95-19.99§2.19; Cloth19.34§2.1
Surgical -19.11§3.25;
N95-21.88§3.77; Cloth21.37§2.16
Surgical -0.36§0.11; N950.31§0.08; Cloth 0.32§
0.06
Surgical -1.55§0.16;N951.64§0.5; Cloth 1.51§
0.24
Surgical:-24.78§1.82*
N95:-23.59§4.09*;
Cloth:-29.32§4.96
Surgical 25.29§5.52 for males,
19.86§4.17 for females
Surgical 132.27§24.33 for
males, 211.19§33.38
for females
Surgical 68.67§6.48 for males,
68.07§6.14 for females
Surgical 427.83§98.71 for
males, 653.86§109.64
for females
Surgical 426.79§98.74 for
males, 652.75§109.66
for females
Surgical 19.46§4.08 for males,
20.87§3.46 for females
Surgical 0.36§0.16 for males,
0.34§0.12 for females
Surgical 3.92§2.21 for males,
3.51§1.64 for females

Level of
evidence
Moderate

Low

(Continued)
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Mean
Vocal intensity
(dB)
No. of glottal pulses

Findings during ‘mask’
condition
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29

Study design/
Participants (n)/
gender, age range

Study ID

30

Study design/
Participants (n)/
gender, age range

Inclusion/
Exclusion criteria

Participants’ profession

Type of questionnaire/
instrument used- task

Measures studied

Findings during ‘no
mask’ condition

Within-subject study
design; n = 16 (4
males, 12 females)

Individuals speaking English
and without smoking habits, voice, hearing problems were included.

Otolaryngologists, SLPs,
and a Nurse

‘Praat’ 41 -Sustained
vowel /a/ for at least
10s; Reading 3rd
phrase of ‘CAPE-V’
42
and 2nd and 3rd sentences of ‘Rainbow’
passage- 43.

Mean spectral level
at low (0-1kHz) &
high frequency (18kHz)
Low/High Spectral
ratio (0-1kHz/18kHz)
HNR ratio

-

CPPS (dB)
Vocal intensity (dB)
Not stated

Not stated

20 sentences from
‘German matrix Oldenburg Sentence test’
(OLSA) 44

Sound level attenuation (dB)

32

n = 53 (25 males, 28
females); 20 − 68
years

Participants with normal
voice, no history of voice/
articulation/ anatomical
problems, voice therapy,
and vocal tract surgery,
were included.

Not stated

‘MDVP’ (Version 3.3.0,
Kay Pentax) &‘Praat’
(version 6.1.13)-Sustained vowel /a/ at
comfortable pitch and
loudness for at least 3 s
for acoustic measures,
and as long as possible
for MPT measure.

f0 (Hz)

SPL(dB)

Jitter (%)

Shimmer (%)

NHR (dB)

CPP (dB)

MPT(s)

Moderate

KN95 -28.2 §1.7 dB*,
Surgical -25.5 §2.2dB*

25.0 §3.5

KN95 -28.4§4.1 dB*, Surgical - 27.3 §4.5 dB*
No significant difference between unmasked and
masked conditions
64.0§7.0
Surgical-65.8§7.2
KN95-66.7§7.5
For Olnoise female,
Olnoise male and ISTS
noise 45: N95-8 dB at
2.52 and 5.04 kHz; Surgical- 8 dB at 8kHz kHz
For white noise: N954.1 dB; Surgical-2.6 dB
130.51§21.98 −
Surgical:133.00§21.03male;224.46§27.09
male; 228.91§27.28 - female
female
72.58§4.13 − male;
Surgical:73.59§3.5470.00§4.04 male, 71.37§4.08;
female
female
1.14§0.72-male;
Surgical:0.75§0.631.24§0.92-female
male; 0.98§0.69
-female
4.44§2.83- male;
Surgical:3.30§1.314.53§1.48 -female
male; 3.98§0.69
-female
0.13§0.03-male and
Surgical: 0.13§0.02female
male; 0.13§0.03female
12.43§4.01- male;
Surgical:11.47§3.67 −
12.63§3.91-female
male; 12.14§4.88
female
20.36§7.38Surgical:19.88§7.69
male;16.36§6.11−male;17.21§7.39female
female

Low

Low

Note. VFI, Vocal Fatigue Index; VTDS, Vocal Tract Discomfort Scale; VHI,Voice Handicap Index; CAPE-V,Consensus Auditory-Perceptual Evaluation of Voice; MDVP, Multi-Dimensional Voice Program; f0 CoV,
Fundamental frequency Coefficient of Variation; CPPS, Cepstral Peak Prominence Smoothed; HNR, Harmonic- Noise Ratio; MPT,Maximum Phonation Time; F0,Fundamental frequency; SPL, Sound Pressure
Level; NHR, Noise-Harmonic Ratio; CPP, Cepstral Peak Prominence.

ARTICLE IN PRESS

Prospective exploratory experimental, n = 2 (1 male, 1
female)

KN95 -5.2 dB*
Surgical - 2dB *

Level of
evidence
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31

23 §1.7 dB
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condition
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acoustically quantify and conﬁrm the negative and/or positive effects of different masks on voice quality.
There have been few studies28,30 that unraveled the effect
of wearing a mask on spectral measures-‘spectral tilt’ and
‘spectral ratio’. Among these, the ﬁrst study28 reported signiﬁcantly lower spectral tilt for surgical mask and N95 conditions compared to ‘no mask’ for phonetically balanced
text ‘the Grandfather Passage’.39 However, the relatively
altered spectral tilt of both masks compared to ‘no mask’
has been attributed to the ﬁltering property of the mask
which acts as a low pass ﬁlter, attenuating the high frequency sounds of the speech signals. In another study,30
‘spectral ratio’ for the 3rd sentence of the rainbow passage
text43 reading was signiﬁcantly lowest for ‘no mask’, and
higher for surgical mask, and highest for KN95. This
implies that users increase vocal effort to compensate for
the mask (surgical or N95), while the mask alters spectral
energy in high-frequency region increasing spectral slope.
Therefore, wearing a mask increases spectral measures
(spectral tilt as well as slope) of the speech signal, more so in
ﬁlters (N95/KN95) followed by surgical mask compared to
‘no mask’ condition.
Four studies have quantiﬁed the amount of acoustic
attenuation across masks. The ﬁrst study25 played 30 s
recorded reading speech of human talker while wearing
a mask, played from 2-meter distance of ‘listener’ position in a sound-treated room. The highest attenuation
measured at the listener position has been reported for
transparent masks followed by cloth masks with varying
material and weave, N95, surgical mask, and KN95 in 2
to 16 kHz. Most masks had little effect below 1 kHz
and the maximum peak attenuation was reported for
N95 followed by KN95 and surgical mask. The second
study26 used recorded CNC words36-37 played in the
presence of speech-shaped white noise through head and
torso simulator (HATS, 45BC KEMAR, GRAS, Holte,
Denmark) wearing no mask and mask conditions in a
sound booth. The highest sound attenuation was for fabric masks followed by N95, and surgical masks across
the octave bands from 63 Hz to 16 kHz. High frequencies from 2−16 kHz were attenuated for all the masks.
The third study30 recorded connected speech of participants wearing a mask in a practicing clinic with the
ambient noise of 33.3 dBA. They reported the highest
signiﬁcant attenuation of mean spectral level amplitude
for KN95 compared to surgical mask in 1-8 kHz. The
fourth study,31 played recorded sentences with various
types of background noise through “Dummy Head”
(KU 100, Neumann, Berlin, Germany) under surgical
and N95 conditions. They reported the average maximum 8 dB amplitude spectra reduction at frequencies
above 1 kHz by N95 mask, and frequencies above
2 kHz by a surgical mask, for olnoise female noise;
olnoise male noise; ISTS noise.45 But, maximum amplitude attenuation occurred at two frequencies with N95
mask and single frequency by a surgical mask. For
speech along with white noise background, maximum
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amplitude reduction was reported for N95 mask compared to surgical mask.
The amount of amplitude attenuation depends on mask
composition, ﬁlter, ﬁtting, and thickness.53,25-26,30-31 If the
mask has a less porous material composition, it dampens
the oscillation of the air particles and absorbs sound energy
especially in the high-frequency range.26 Mask with higher
ﬁlter characteristics (KN95) attenuated more spectral
amplitude compared to mask with lower ﬁlter characteristics (surgical).30 Similarly, N95 attenuates amplitude at
more frequencies compared to surgical masks,31 that is
tightly ﬁtting masks (N95) and tightly woven fabric masks
attenuate more than loosely ﬁtting masks (surgical). Likewise, a multilayered mask attenuates more compared to single-layered or any loosely ﬁtted mask.25 The 3-layered
surgical mask and double-layered loosely woven 100% cloth
mask made up of cotton jersey or cotton plain material perform acoustically better compared to other opaque and
transparent masks.25
Considering maximum amplitude attenuation and the
number of frequencies at which attenuation occurs in various speech bands (1-8 kHz) across studies reviewed, the
amplitude attenuation was highest for transparent mask followed by cloth mask, N95, KN95, and surgical mask. Also,
it can be inferred that though there is an inverse relationship
between breathability and ﬁltration efﬁciency during the
breathing mechanism,54 the current review conﬁrms that
there is a direct relationship between breathability and
acoustic performance of the mask during speech production. Hence, manufacturers could consider (re) designing
the masks with reduced sound attenuation without
compromising droplet blocking efﬁciency.

Aerodynamic measures of voice
The laryngeal aerodynamic analysis captures the coordinated nature of respiratory and laryngeal functions during
speech production. Most commonly used laryngeal aerodynamic measures include Maximum Phonation Time (MPT
in s), Counts Per Breath (CPB), Mean Air Flow Rate
(MAFR in L/s), Estimated Sub-Glottic Pressure (ESGP in
cmH2O), and Laryngeal Airway Resistance (LAR in
cmH2O/L/s). 2studies29,32 have been carried out to check
the effect of a surgical mask on MPT, a measure of the efﬁciency of the glottal closure, as well as the respiratory system.55 Both these studies29,32 have reported no signiﬁcant
difference for MPTs measured with the ‘surgical mask’ compared to ‘no mask’. This implies that wearing a surgical
mask doesn’t signiﬁcantly inﬂuence the efﬁciency of the
respiratory-laryngeal system during speech production. This
can be attributed to the loose-ﬁtting design of the mask
which facilitates the normal intake of air. Future researchers
could also consider aerodynamic measures of voice using an
accelerometer, and non-invasive physiological measures
using electroglottography. These will provide a comprehensive understanding of respiratory and phonatory functions
in terms of glottic coaptation for reduced respiratory system
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efﬁciency and glottic conﬁguration across masks when compared to ‘no mask’ during speech production.
2.

Limitations and further recommendations
The original articles reviewed here have studied commonly
used, commercially available masks, and their effects on
voice measures. The current review is limited to articles published in English and did not look into the possible literature
in other languages. Also, the included studies had limitations in terms of sample size, age range, study designs, randomization, blinding, and voice outcomes studied, waning
the quality of evidence offered. Therefore, future studies can
be of more value when higher quality researches are conducted with a larger sample size, randomized control trials
along with the reliability data of perceptual and/or instrumental measures used. This would help in better understanding the properties of the masks and their effects on
various measures of voice production. Further, with the
increase in the transmission of the COVID-19 infection,
even ‘double masking’ has been recommended, and more
studies on such masking conditions possibly affecting
voice production can be taken up as an objective by
future studies.
CONCLUSION
In this pandemic, everyone is advised to wear an appropriate mask to protect oneself and others from the viral infection. Hence, it is essential to understand the impact of
wearing the mask on voice production. The current systematic review suggested that wearing mask results in vocal
fatigue, discomfort, and perceived voice problems. Further,
few acoustic measures of voice conﬁrmed the attenuation of
signal amplitude at speech frequencies by transparent mask
followed by cloth mask, N95, KN95, and surgical mask,
leading to the increased vocal effort.
Considering the inﬂuence of masks on voice measures, the
surgical mask is better compared to other masks for effective voice production. Although the level of protection from
respiratory threat offered by a surgical mask is limited, it is
still advisable for everyone (including health professionals)
when not in very close contact with the patient and not
involved in AGPs. Further, in a direct teaching, ofﬂine
classroom scenario, ‘surgical mask’ can reduce the vocal
load of teachers, smoothen the teacher-student interaction,
and facilitate student learning. Although wearing a particular mask is an individual choice, users should be aware of
the risk of developing voice problems with a mask. Vocal
healthcare strategies such as avoiding speaking in background noise, using a microphone along with the mask, and
using augmentative alternative communication (AAC)
should also be considered for optimal voice production.
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