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Abstract
Purpose  The authors aim to review available reports on the potential effects of masks on voice and speech parameters.
Methods  A literature search was conducted using MEDLINE and Google Scholar databases through July 2021. Several 
targeted populations, mask scenarios and methodologies were approached. The assessed voice parameters were divided into 
self-reported, acoustic and aerodynamic.
Results  It was observed that the wearing of a face mask has been shown to induce several changes in voice parameters: 
(1) self-reported—significantly increased vocal effort and fatigue, increased vocal tract discomfort and increased values of 
voice handicap index (VHI) were observed; (2) acoustics—increased voice intensity, altered formants frequency (F2 and F3) 
with no changes in fundamental frequency, increased harmonics-to-noise ratio (HNR) and increased mean spectral values 
in high-frequency levels (1000–8000 Hz), especially with KN95 mask; (3) aerodynamics—maximum phonatory time was 
assessed in only two reports, and showed no alterations.
Conclusion  Despite the different populations, mask-type scenarios and methodologies described by each study, the results 
of this review outline the significant changes in voice characteristics with the use of face masks. Wearing a mask shows to 
increase the perception of vocal effort and an alteration of the vocal tract length and speech articulatory movements, leading 
to spectral sound changes, impaired communication and perception. Studies analyzing the effect of masks on voice aerody-
namics are lacking. Further research is required to study the long-term effects of face masks on the potential development 
of voice pathology.
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Introduction

The widespread use of face masks, for both essential and 
professional activities, was a non-pharmacological interven-
tion imposed by the ongoing global COVID-19 pandemic, 
to contain the transmission of the disease.

Previous studies showed that face masks have voice atten-
uation effects, and can work as an acoustic filter for speech, 

especially in high frequencies [1]. This effect makes it harder 
for the listener to understand mask wearer's words, espe-
cially in noisy environments or if the listener has a hearing 
impairment [2]. However, we must considerer mask-wearing 
as a challenge also for the speaker, as he must overcome the 
mask visual and acoustic barrier and be able to communicate 
and be understood. Because face masks are placed over the 
nose and mouth, speech and voice characteristics may have 
to suffer important changes, both consequential and adap-
tive, inevitably leading to increased effort by the speaker in 
an attempt to be heard. It is hypothesized that this increased 
effort can significantly affect both intrinsic and extrinsic 
laryngeal muscles, leading to misuse vocal behaviors, in 
such a way that the prolonged mask-wearing can represent 
a potential health risk for vocal disorders [3].

Given the current data on the COVID-19 pandemic, we 
must assume that mask use is to be continued for a long 
time; therefore, it is becoming increasingly important to 
identify the consequences of its prolonged use on voice 
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health, to design and implement preventive measures that 
could help mask wearers to improve vocal use. Because of 
the scarcity of scientific evidence, a state of art review will 
help to achieve a better understanding of mask and voice 
interaction. Till the moment of submission, this report pre-
sents the first literature review on the subject.

The authors aim to detect, analyze, interpret and summa-
rize the potential effects of face masks on voice assessment 
parameters.

Methods

Articles on the subject were searched in MEDLINE and 
Google Scholar databases, from its inception through July 
2021. The steps of the data collection process are outlined 
in Fig. 1.

The MEDLINE query used by the authors was: 
{“masks” [mesh] OR “face-masks”[tiab] OR “Covid-
19” [mesh] OR “health personnel” [mesh] OR “N95 

respirators” [mesh] OR “mask-wearing” [tiab] AND 
“voice” [mesh] OR “voice changes” [tiab] OR “acoustic 
voice analysis [tiab]” OR “vocal assessment” [tiab]}.

In total, 27 articles were considered. Inclusion crite-
ria were: studies on mask effects on voice assessment, 
performed through one or more of the following param-
eters—perceptual, acoustic, aerodynamic and subjective 
{according to the European Laryngological Society (ELS) 
guideline [4]}; articles written in English, French, Span-
ish, Italian, or Portuguese language; full-text articles; 
human studies.

After abstract processing, 16 full-text articles were 
assessed for eligibility. Exclusion criteria included stud-
ies performed in pathologic voices; non clarified and 
dubious methodology; studies focused on speech intel-
ligibility rather than voice parameters. All references of 
the included full-text articles were reviewed to guarantee 
full-literature cover on the subject.

Lastly, after the necessary exclusions, nine studies were 
included in the qualitative analysis.

Fig. 1   Flow diagram show-
ing the steps of data collection 
process
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Results

The targeted population, the different mask scenarios as 
well as the main voice assessment parameters analyzed in 
each study are discriminated in Table 1.

Selection and information bias, as well as the lack of a 
uniform methodology and reporting system made it impos-
sible to perform a formal systematic review according to 
PRISMA standards. All the articles were observational 
studies, published during the last twelve months. A total of 
1005 people were assessed for voice changes. Of the nine 
selected articles, six [5, 7, 8, 10, 11, 13] outlined acous-
tic parameters, four [6, 9, 11, 12] described self-reported 
vocal characteristics, and only two [8, 10] assessed voice 
aerodynamics. None of them described all three vocal 
domains, neither perceptual voice evaluation. The video-
stroboscopic assessment was not performed in any of the 
reviewed studies.

Self‑reported voice assessment

All studies analyzing self-reported voice parameters were 
conducted through the use of several questionnaires, via 
online or presential mode, essentially comparing self-per-
ceived voice changes between two scenarios: wearing and 
not wearing a face mask (most studies did not discriminate 
the type of mask being used), including healthcare work-
ers and healthy volunteers from the general population, 
in both essential and professional activities. Most studies 
analyzed healthcare workers and other groups who use 
protective face mask during their working hours.

To analyze the self-perception of vocal effort and voice-
breathing coordination while using face masks, question-
naires were applied, answered using a 5 or 6-point Likert 
Scale between zero (never) and 5–6 (always), as well as 
VAS (Visual Analog Scale) ratings [11] and VHI (Voice 
Handicap Index). [12] A significant increase in vocal effort 
perception, communication difficulties and a significantly 
increased difficulty in voice-breathing coordination with 
face masks were outlined in all the studies assessing self-
reported voice changes. [6, 9–12] Increased values of VHI 
were observed mainly due to emotional and psychosocial 
voice and speech difficulties, with the particular case of 
health care workers in whom it was even higher after a 
long work-day and/or after working in Intensive Care Units 
(ICU) [12]. Besides, significantly higher scores of vocal 
fatigue symptoms in mask-wearing groups were verified, 
[6, 9, 11] mostly tiredness, voice impairment and avoid-
ance of voice use [6].

Vocal tract discomfort while wearing a face mask was 
assessed through vocal tract discomfort scale (VTDS), 

which includes the terms “burning”, “tight”, “dry”, “ach-
ing”, “tickling”, “sore”, “irritable” and “lump in the 
throat”. [6, 9]. The majority of individuals felt moder-
ate to severe dryness, mild to moderate throat clearing, 
moderate to severe sensation of a lump in the throat and 
moderate to severe short breathiness while speaking with 
a face mask, [9] with a statistically significant difference 
between wearing and not-wearing mask groups in one of 
the studies (p < 0,001) [6].

Furthermore, studies also pointed out that speech intel-
ligibility was significantly impaired with the use of face 
masks [6, 9, 11].

Acoustics

The studies analyzing acoustic voice parameters were done 
in person, through the performance of speeching tasks by the 
participants, under different mask scenarios.

Overall, when comparing mask and no-mask scenarios 
(regardless of the type of mask), it was observed a signifi-
cant increase in vocal intensity while wearing a face mask in 
all [5, 7, 8, 11] but two of the six studies performing acoustic 
voice evaluation [10, 13].

The harmonics-to-noise ratio (HNR) values were signifi-
cantly increased with the wearing of a mask, either a surgical 
or a KN95, when compared to the no-mask condition [8, 13]; 
it was also increased after a mask-wearing workday compar-
ing with the pre-workday value [11]. However, cepstral peak 
prominence (CPP) showed none or minimally changes with 
mask-wearing in all studies [5, 7, 8, 13].

Fundamental frequency (F0) values did not seem to be 
significantly changed by the wearing of a mask [5, 7, 8, 10], 
although a significant decrease in relative fundamental fre-
quency (RFF) offset ten was observed in mask wearers after 
a workday (p = 0,001), especially when wearing KN95 [11].

Some studies also measured formants frequency F1, F2 
and F3 [5, 8]. Formant frequency F2 showed to be altered 
in Joshi et al. [5] decreasing in males with KSF scenario 
(face shield over surgical mask and KN95), and increased in 
females wearing a surgical mask when comparing with other 
mask-type scenarios. In another study, F2 showed increas-
ing trends (although not significant) and F3 showed to be 
significantly decreased with masks comparing with no-mask 
scenario (p = 0,004) [8].

Jitter and shimmer values showed no significant changes 
while using a mask in most studies [7, 10], except for one of 
them that showed significantly decreased values of both jitter 
and shimmer when comparing with no-mask scenario [8].

Some speech and sound characteristics also showed to 
be modified: mask-type impacted the acoustic power dis-
tribution in frequencies above 3000 Hz for KN95 mask, 
and above 5000 Hz in surgical and cloth masks, compar-
ing with no-mask status [7]. This impact was not observed 
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in frequencies below 3000 Hz. Besides, it was observed a 
significant main effect of masks on speech mean spectral 
values in high-frequency levels (1000–8000 Hz) in one study 
(p = 0,001), with attenuation of spectral levels for high fre-
quencies calculated as 5.2 dB for KN95 (p = 0,005) and 
2.0 dB for surgical mask (p = 0,014) [13]. This effect was 
not observed for frequencies below 1000 Hz.

Unlike the other reports on acoustic measurements, 
Fiorella et al. [10] did not find any significant differences 
in acoustic parameters between wearing- and not-wearing 
mask scenarios.

Aerodynamics

In one of the studies on voice aerodynamics, it was observed 
a statistically significant difference between Maximum Pho-
natory Time (MPT) in the mask-wearing group over 45 year-
old and the group under 45 year-old (p = 0,032) [8]. In the 
other study, no changes were seen regarding MPT while 
wearing a face mask [10]. Neither phonatory quotient nor 
mean airflow rate or mean subglottic pressure was measured 
in the analyzed reports.

Discussion

This report presents the first literature review on the poten-
tial effects of face masks on voice. The articles included 
were published quite recently, and describe different popula-
tions, methodologies and scenarios. We believe this is going 
to be an increasingly investigated area, given the sudden 
need for the widespread use of face masks to achieve the 
control of SARS-CoV-2 dissemination, and mainly because 
the current pandemic scenario will probably make manda-
tory the use of face masks for a long time.

Voice function is multidimensional, so its assessment 
allows voice quality evaluation in its diverse dimensions, 
such as self-reported, perceptual, acoustic and aerodynamic 
[4].

Self‑reported voice assessment

Self-perception questionnaires allow the quantification of 
how much impact a voice disorder has on the subject´s qual-
ity of life.

In the analyzed reports, it was verified a significant 
increase in perceived vocal effort while wearing a face mask 
[6, 9, 11, 12]. The use of a face mask increased the tiredness 
and voice impairment, as well as the avoidance of voice 
use, showing significantly higher scores of self-perceived 
vocal fatigue, a primary perception signal of vocal effort 
[6]. Also, vocal tract discomfort symptoms were observed 
to be more frequent and intense while using a face mask. *T
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This subjective parameter is in straight association with 
the perception of vocal fatigue and effort and can repre-
sent significantly impaired vocal functionality [14]. These 
symptoms are highly correlated to the need to increase voice 
intensity to overcome the physical barrier of a face mask 
[15]. Therefore, an increased risk of hyper-functional dys-
phonia in mask wearers, especially those who use them in 
working environment for long periods, should be considered, 
and modifications in vocal behavior, as well as proper voice 
training, should be encouraged to prevent eventual future 
voice pathology. Also, Heider et al. demonstrated mean val-
ues of VHI-10 of 7.92 (95% CI 6.98–8.85) in Chilean health-
care workers, as well as a prevalence of voice impairment 
of 26.24%. This can demonstrate that healthcare workers 
and all other subjects that work with face masks can be at 
a higher risk of voice disorder development, making these 
authors raise the question of whether this subjects should be 
considered occupational voice users [12].

The reviewed studies also pointed out that speech intel-
ligibility was significantly impaired with the use of face 
masks, [6, 9, 11]. This can be explained by the mask attenu-
ation effect, which mainly affects the high frequencies, with 
a loss depending on the type of mask used. Furthermore, 
the use of face masks precludes the visual lip-reading and 
facial expression strategies to assist speech comprehension, 
which reduces even more speech intelligibility and precludes 
auditory feedback, due to a reduced vocal monitoring sense.

It must also be outlined that masks can lead to articula-
tory limitations and restrict the projection of voice sound 
in space. This attenuation effect on sound was previously 
described as being of 3–4 dB for surgical masks and up 
to 12 dB for KN95 [1]; the most affected frequencies are 
2000–7000 Hz, which are important for speech intelligibil-
ity. This attenuating effect of mask appears to depend upon 
the level of fitting of the masks besides its filtering per-
formance, with speech transmission index values changing 
about 3–4% from no-mask condition to surgical masks, and 
about 13–17% to KN95 [16]. In another recent study, surgi-
cal masks showed to account for 23.3% of loss in speech 
intelligibility in a noisy background, a value that can achieve 
69.0% for advanced protection equipment (FFP3 mask com-
bined with face shield). [17].

Acoustics

The described alterations in the self-perceived vocal char-
acteristics while wearing a face mask were accompanied 
by some modifications on acoustic voice parameters. These 
have the main advantage of describing the voice objectively.

Overall, when comparing mask and no-mask scenarios 
(regardless of the type of mask), it was observed a signifi-
cant increase in vocal intensity while wearing a face mask in 
all [5, 7, 8, 11] but two of the six studies performing acoustic 

voice evaluation [10, 13]. Intensity reflects the amplitude 
of vocal fold vibration, and this increase may be due to a 
compensatory behavior in response to the difficulties being 
heard. Indeed, vocal intensity is known to be associated with 
vocal effort, in response to excessive vocal loading [18–20]. 
People wearing face masks showed a tendency to increase 
their vocal intensity to make their voices sound clearer [21].

Increased HNR has been observed in speakers with 
increased vocal intensity [22]. It is believed to be due to 
the adaptation process while wearing a mask, which may 
include an unconscious increase in vocal projection. And, in 
fact, it was verified that the HNR values were significantly 
increased with the wearing of a mask, either a surgical or a 
KN95, when compared with the no-mask condition [8, 13]; 
it was also increased after a mask-wearing workday com-
paring with the pre-workday value [11]. Remacle et al. [20] 
also suggested that an increase in HNR could be linked to 
hyper-functional voice behavior. The increase in HNR val-
ues while wearing a mask can be explained by several fac-
tors, namely the adaptation effect, consisting of increasing 
vocal projection to be heard, as well as the filtering effect, 
leading to attenuation of glottal noise, that typically appears 
at high-frequency levels [23], more severely impaired by 
mask barrier [24].

No significant changes in fundamental frequency (F0) 
values or Cepstral peak prominence (CPP) were observed 
[5, 7, 8, 13], contrary to what would be expected in response 
to an increased vocal loading [18, 19]. This can happen 
because face masks encompass a unique challenge, with 
different and still unrecognized barrier mechanisms.

The effects of masks in articulation and voice resonance 
could explain the changes in formants frequency observed 
in some of the studies [5, 8]. In fact, formant frequency F2 
decreased in males with multiple overlapped mask scenario 
and increased in females wearing a surgical mask when 
comparing with other types of masks, while F3 showed to 
be significantly lower with masks comparing with the no-
mask scenario. Formant frequency represents the charac-
teristics of articulation and resonance. They are produced 
by the vocal tract, which extends from the lips to the vocal 
folds, and can be influenced by several factors, such as vocal 
tract length, lips closure pattern, tongue volume and posi-
tion and lowering of the mandible [25]. These changes in 
formant frequencies seem to result from the differential fil-
tering effects of masks [1]; they may be influenced by the 
potential involuntary adjustments of vocal tract properties 
by mask wearers, to be heard [8]. Besides, it is known that 
attenuation effects of face masks seem to be higher (with 
more energy transmission loss) in the higher frequencies, 
generally above 1000 Hz, as seen in previous studies [1, 26, 
27]. F2 and F3 are usually detected above 1000–1500 Hz, 
so masks may cause a transmission loss at these frequencies 
and explain the encountered changes.
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Perturbation vocal measures, like jitter and shimmer, 
were unchanged in most reports [7, 10], except the one from 
Lin et al. [8] that described significantly decreased values in 
mask wearers, however interpreted as overstated, probably 
a result from the increase in vocal intensity and from the 
filtering mask effects.

Aerodynamics

We must also outline the lack of studies on aerodynamic 
changes of voice due to face masks. In this review, we find 
only two reports analyzing MPT in mask and no-mask sce-
narios, but other parameters, such as phonatory quotient, 
mean airflow or mean subglottic pressure, were not assessed.

In fact, some authors already showed that inhaling with 
face masks is associated with inadequate aerial support, gen-
erating a pressure drop across the mask; this requires a more 
considerable inhalation effort by the wearer, which could be 
exacerbated when using multiple face masks [28]. Besides, 
Zhu et al. used computational fluid dynamics to evaluate 
the re-breathed air in the human nasal cavity with KN95-
masks respirator, showing that such masks trapped respired 
air within the respirator, which increases the volume of the 
fraction of re-breathed air during inspiration. This results in 
above 60% of respired air reentering the nasal cavity during 
the consecutive respirational cycle.

Therefore, it should be interesting to investigate in future 
studies how mean airflow and mean subglottic pressure val-
ues change while wearing a face mask.

The main limitation of this review is the low number of 
included studies, justified by the so-recent COVID-19 pan-
demic scenario, which led to the implementation of face 
masks as a prophylactic safety measure against the propa-
gation of SARS-CoV-2; that makes scientific evidence on 
the subject still scarce and insufficient. Besides, the lack 
of evaluation of some vocal domains was verified due to 
the restrictions in individual data collection during the pan-
demic. Another important limitation is the different method-
ology used by the several reports, which limits the analysis 
of the results and, subsequently, its conclusions.

Conclusion

The results of this review outline the changes in voice char-
acteristics with the use of face masks. While wearing a 
mask, people show to increase the perception of vocal effort 
and fatigue, to increase the sense of vocal tract discomfort 
and to have difficulties in speech and breathing coordina-
tion; besides, speaking with a masks can lead to an increase 
in vocal intensity, a higher HNR and to an alteration of the 
vocal tract length and speech articulatory movements, lead-
ing to spectral sound changes, impaired communication and 

perception. These changes may result from the attempt of the 
speaker wearing a mask to adjust the phonation characteris-
tics to make his voice sound clearer; and this can represent 
a higher risk for the speaker to adopt vocal misuse behaviors 
and to develop voice disorders.

Further research is required to analyze the effects of face 
masks on voice aerodynamics and to study its long-term 
effects on the potential development of voice pathology, 
especially for workers who have to wear a protective mask 
for long periods. Assuming that mask use is a fundamental 
measure for COVID-19 pandemic control, it must be contin-
ued for a long time, so one should be aware of its potential 
health consequences.
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