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postulated, aerosol transmission is regarded as the main 
route. 3.

In the initial part of 1900s, surgical face masks were 
introduced to avoid the infection of surgical wounds due to 
bacteria originating from the mouth and nose of healthcare 
providers (HCPs). 4 In the current COVID-19 pandemic, 
use of masks has been mandated by various countries to halt 
the transmission of SARS-CoV-2. Face masks together with 
various other non-pharmacological approaches including 
social distancing, eye protection, maintaining hand hygiene, 
and isolation have been universally used and have been 
proved to curb the spread of COVID-19. 5,6.

To provide complete protection, face masks need to 
snugly cover the mouth and nose. However, this leads 
to substantially diminished visual cues as lip reading is 
not possible and view of facial expressions is hampered. 
Patients may fail to completely comprehend the instruc-
tions of HCPs. Moreover, communication among the HCPs 
may compel several repetitions and higher strain on both 
vocal effort (VE) and listening. During a surgical procedure, 

Introduction

Declared as a pandemic by World Health Organization in 
March 2020, coronavirus disease 2019 (COVID-19) has 
resulted in more than 521  million confirmed cases and 
more than 6  million deaths globally, till date. 1,2 Severe 
acute respiratory distress syndrome-coronavirus-2 (SARS-
CoV-2) has been identified as an etiologic agent of COVID-
19. Though various routes of transmission have been 
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Abstract
Aim: N95 masks are recommended for the healthcare providers (HCPs) taking care of patients with coronavirus disease 
2019. However, the use of these masks hampers communication. We aimed to evaluate the effect of N95 masks on speech 
comprehension among listeners and vocal efforts (VEs) of the HCPs.

Materials and Methods: This prospective study involved 50 HCPs. We used a single observer with normal hearing to 
assess the difficulty in comprehension, while VE was estimated in HCPs. The speech reception threshold (SRT), speech 
discrimination score (SDS), and VEs were evaluated initially without using N95 mask and then repeated with HCPs 
wearing N95 mask.

Results: The use of masks resulted in a statistically significant increase in mean SRT [4.25 (1.65) dB] and VE [2.6 
(0.69)], with simultaneous decrease in mean SDS [19.2 (8.77)] (all p-values < 0.0001). Moreover, demographic parameters 
including age, sex, and profession were not associated with change in SRT, SDS, and VE (all p-values > 0.05).

Conclusion: Though use of N95 masks protects the HCPs against the viral infection, it results in decreased speech 
comprehension and increased VEs. Moreover, these issues are universal among the HCPs and are applicable to the general 
public as well.
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assisting HCPs may not accurately follow the instructions 
of the operating surgeon. This is likely to result in commu-
nication errors which can have serious consequences. 7.

During the COVID-19 pandemic, as in every healthcare 
set-up, HCPs in our hospital are required to regularly wear 
N95 masks to curb the spread to infection. In this study, 
we aimed to quantify the impact of N95 masks on speech 
comprehension and VE among the HCPs with normal 
vocal function by evaluating its impact on speech reception 
thresholds (SRTs), speech discrimination scores (SDSs), 
and vocal efforts (VEs).

Materials and Methods

This was a prospective, observational study conducted in 
the out-patient department of ENT of a tertiary care teach-
ing hospital located in the western-part of India. The study 
was performed over a period of 2 months (from January to 
February 2021) and commenced after approval of the pro-
tocol by the institutional ethics committee and obtaining 
informed consent of the HCPs.

HCPs with normal vocal function, belonging to age group 
of 20–50 years, and working in the out-patient department 
of ENT were enrolled in the study. The HCPs enrolled in the 
study included resident doctors, interns, and nurses.

To ensure normal uniform hearing, we had a single 
observer who was subjected to pure tone audiometry (Elkon 
EDA 3N3 Multi, Mumbai, India), defined as a pure tone 
average of less than 25 dB at 500, 1000, and 2000  Hz. 
Normal vocal cord functioning of HCPs was ensured with 
GRBAS scale (Grade, Roughness, Breathiness, Asthenia, 
and Strain Scale). 8 HCPs with any hoarseness or change in 
voice, any proven vocal cord pathology, or change in voice 
due to old age were excluded.

To determine SRT and SDS, HCPs and observer sat at a 
distance of 0.6 m, so as to simulate standard conversational 
distance, and a decibel meter (Mextech SL36 sound level 
meter, Mumbai, India) was used. The same procedures for 
speech comprehension and VEs were performed initially 
with HCPs not wearing the mask and then repeated with the 
mask. The Venus V-4400 N95 masks were procured from 
Venus Safety & Health, Navi Mumbai, India.

To test SRT, we used a validated list of 50 spondee words 
recommended by the American Speech–Language–Hearing 
Association. 9 These were two-syllable words with same 
amount of stress on both syllables (e.g., ‘birthday’, ‘play 
ball’, and ‘tooth brush’). A volume unit meter was employed 
to get same amount of syllabic stress. Initially, without 
wearing the mask, HCPs were asked to read the words with 
uniform intensity and SRT was estimated as the lowest hear-
ing level (intensity) at which the observer could correctly 

comprehend and repeat the speech stimuli 50% of the time. 
The same procedure was repeated with the HCPs wearing 
mask and SRT with mask was estimated.

To determine SDS, we used a set of monosyllabic pho-
netically balanced words. Standard word lists included those 
issued by the Psycho-Acoustic Laboratory and the Central 
Institute for the Deaf W-22 word list for auditory testing. 
10,11 To suit the Indian population, we used an adapted 
and validated version of this list comprising of phonetically 
balanced words. Initially, without wearing the mask, HCPs 
were instructed to read a list of 20 words and observer was 
asked to hear the words. The number of words that could be 
correctly heard by the observer were expressed as percent-
age. The same procedure was repeated with HCPs wearing 
the mask and SDS was estimated.

To estimate the VE, we used the validated Rainbow Pas-
sage. 12 Initially, the HCPs were asked to read the passage at 
a uniform intensity without mask and rate the effort required 
with the adapted BORG CR-10 scale. 13 They were asked 
to repeat the same procedure with mask and read the pas-
sage with same intensity as that without the mask, and rate 
their efforts. BORG CR-10 is a Likert’s scale ranging from 
0 to 10, with 0 suggesting no VE and 10 suggesting maxi-
mum VE.

These procedures were performed to determine the 
amount of hearing difficulty faced by listeners and the 
increased VEs that is faced by the HCPs when they wear the 
mask, thus, mimicking the real-world scenario.

Statistical Analysis

The categorical and continuous data was expressed in terms 
of frequency (percentage) and mean (standard deviation), 
respectively. The SRTs, SDSs, and VE with and without 
mask were compared with paired t-test. While, the change 
in SRTs, SDSs, and VE with and without mask for the cat-
egorical demographic variables were compared with inde-
pendent sample t-tests. Statistical analysis was performed 
with SPSS (IBM, Armonk, NY, USA) version 23.0 for Win-
dows. A two-tailed probability value (p-value) of < 0.05 was 
considered as statistically significant.

Results

Among 50 HCPs, 36 were resident doctors and medical 
interns, while the remaining were nurses. The age of HCPs 
ranged from 23 to 50 years, with a mean age of 29.6 (6.33) 
years. Moreover, 32 HCPs were male.

Without mask, the SRT ranged from 60 dB to 85.5 dB. 
With mask, the SRT increased and ranged from 64.5 dB 
to 89 dB. The mean increase in SRT with mask was 4.25 
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(1.65) dB and was found to be statistically significant 
(p-value < 0.0001) (Table 1).

We observed that, without mask, the SDS of the observer 
was 100% for all the HCPs. However, with mask, the SDS 
of the observer decreased and ranged from 70 to 100%. The 
mean decrease in SDS was 19.2 (8.77) and this decrease 
was found to be statistically significant (p-value < 0.0001) 
(Table 1).

Similarly, without mask, all the HCPs had zero VE. 
However, with mask, an increase in VE was observed and 
ranged from 1 to 4. The mean increase in VE was 2.6 (0.69) 
and this increase was found to be statistically significant 
(p-value < 0.0001) (Table 1).

Finally, the change in SRT, SDS, and VE with and with-
out masks were analysed in terms of age, sex, and profes-
sion. We observed no statistically significant difference (all 
p-value > 0.05) in the change in SRT, SDS, and VE when 
comparison was made between different age groups (20–35 
years versus 36–50 years), sex (male versus female), and 
profession (doctors versus nurses) (Table 2).

Discussion

Though the masks have been instrumental in curbing the 
spread of viral infections including SARS-CoV-2, 5,6 their 
use hinders the propagation of the sound waves because 
sound energy of some spectral component may be filtered 

out or attenuated. 14–16 The sound absorbing quality of the 
material used for making the mask determines the amount 
of attenuation during transmission. 16 Masks substantially 
compromises the comprehension of consonants and dis-
crimination of unfamiliar talkers, 14 as well as the intensity 
and spectral features of the voiceless fricatives. 15.

N95 and surgical masks can attenuate higher-frequency 
sounds by around 3–12 dB. 17 With N95 masks, the word 
comprehension decreases by 1–17%.18 In the presence of 
background noise, their use is associated with a significant 
decrease in accuracy of speech perception. 19 At longer 
distances, compared to speaking without a mask, speaking 
with mask leads to a greater decline in accuracy of speech 
perception. 20 Moreover, the visual cues that contribute to 
speech comprehension are obstructed. 15.

The principal findings of our study suggest that use of 
mask leads to a significant increase in the SRT and VEs, 
with simultaneous decrease in SDS. The impaired speech 
comprehension and increased VEs were evident despite the 
fact that HCPs were evaluated in ideal conditions and with 
the probability of getting accustomed to words related with 
repeated testing.

Findings similar to our study were demonstrated by Ban-
daru et al. 21 They observed that use of N95 mask and face 
shield results in significantly increased SRT and decreased 
SDS. Though ideal for HCPs involved in management of 
patients with COVID-19, their findings cannot be extrapo-
lated to the general public, as both N95 mask and face shield 
are not used universally. N95 mask alone provides superior 
protection against micro-organisms; thus, making our find-
ings more pertinent to the public. Hampton et al. 22 reported 
that use of personal protective equipments, including masks, 
shields, and gowns, result in significantly impaired speech 
discrimination in the settings of intensive care units and 
operating rooms. Thus, use of protective equipments can 
adversely affect the communication among the HCPs and 
this has grave implications for patient safety.

To standardize the environment for quantitative assess-
ment, we used acoustically treated room. However, in real 
world scenario, conversations in the healthcare setup mostly 

Table 1  Speech reception thresholds, speech discrimination scores, 
and vocal efforts with and without N95 masks
Parameters With or without 

mask
Mean (SD) p-value

SRT (dB) Without mask 74.51 (5.09) < 0.0001
Mask 78.76 ( 4.98)

SDS (%) Without mask 100 (0) < 0.0001
Mask 80.8 (8.77)

VE Without mask 0 (0) < 0.0001
Mask 2.6 (0.69)

SRT: Speech reception threshold; SDS: Speech discrimination score; 
VE: Vocal efforts; SD: standard deviation

Table 2  Comparison of changes in speech reception thresholds, speech discrimination scores, and vocal efforts in terms of age, sex, and profession
Outcome measures Demographic parameters

Age (Years) Sex Profession
20–35 (N = 44) 36–50

(N = 6)
Male
(N = 32)

Female
(N = 18)

Doctor
(N = 36)

Nurse
(N = 14)

Change in SRT 4.22 (1.68) 4.50 (1.52) 4.41 (1.91) 3.97 (1.06) 4.08 (0.94) 4.68 (2.76)
p-value 0.697 0.379 0.258
Change in SDS 19.77 (8.48) 15.08 (10.49) 19.38 (9.14) 18.89 (8.32) 20.56 (8.60) 15.71 (8.52)
p-value 0.214 0.853 0.079
Change in VE 2.59 (0.69) 2.67 (0.82) 2.63 (0.79) 2.56 (0.51) 2.58 (0.69) 2.64 (0.74)
p-value 0.806 0.740 0.790
Data expressed as mean (standard deviation); SRT: Speech reception threshold; SDS: Speech discrimination score; VE: Vocal efforts
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vocal fatigue symptoms, and higher frequency and inten-
sity of vocal tract discomfort. Moreover, when compared to 
conditions without masks, use of masks was associated with 
increase in VEs; hardship in speech comprehension, speech 
coordination, and breathing; and reduced auditory feedback.

We observed that demographic parameters such as age, 
sex, and profession were not associated with change in SRT, 
SDS, and VEs. Similar findings are reported by Bandaru et 
al. 21 Thereby, suggesting that these findings can be gener-
alized across the HCPs.

Our study had certain limitations. First, when determin-
ing SRT and SDS, the observer sat in front of the HCPs with 
mask and maximum attenuation of speech is reported in this 
setting. Studies needs to be performed with observer sitting 
at equal distance, on either side of participants with mask. 
Second, we used a single observer with normal hearing and 
thus, further research needs to involve multiple observers 
and analyze the inter-observer difference. Moreover, hear-
ing impaired individuals should be enrolled in the study. 
Finally, we used single and two-syllable words without con-
sidering their effect on the meaning of the whole sentence. 
It is reported that the use of sentences contributes to the 
linguistic context, which may permit listeners to correctly 
comprehend the words that would otherwise be incompre-
hensible. 31 It is further reported that in fair or poor acous-
tics conditions, comprehension of sentences can outperform 
the comprehension of words by around 30%.32 Thus, future 
studies evaluating the effect of mask on speech comprehen-
sion should use sentences rather than the words.

Conclusion

Though the use of N95 masks protects the HCPs against the 
viral infection, it results in decreased speech comprehen-
sion and increased VEs. Although, these issues are universal 
among the HCPs, they can be applicable to the general pub-
lic as well. To avoid miscommunication among the HCPs, 
use of supplementary methods of communication should be 
encouraged, especially in intensive care units and operating 
rooms.
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take place in the presence of substantial ambient noise and 
this could impair speech comprehension. Bottalico et al. 23 
studied the effect of masks on speech comprehension in an 
acoustically treated room and observed that words were rec-
ognized to a significantly better extent in acoustically treated 
room than the room that was not acoustically treated (34% 
versus 21%). Moreover, the use of N95 mask was associated 
with significantly decreased probability of correct recogni-
tion of the words, around 47% less than without the mask. 
In another study, Mendel et al. 24 reported that use of surgi-
cal masks was associated with significant difference in the 
spectral analysis of speech stimuli than without mask. They 
further reported that use of surgical mask did not result in 
a significant difference in speech comprehension between 
individuals with normal hearing and those with impaired 
hearing; however, the presence of background noise led to 
reduced comprehension in both groups. Ideally, such studies 
should be performed in the out-patient setting. However, in 
such settings, it is not possible to maintain standard ambi-
ent noise and presentation level, and obtain reliable results. 
Thus, we evaluated the HCPs in acoustically treated room.

The relative position of speaker and listener affects the 
speech comprehension. When a person with mask speaks, 
the sound transmitted to the sides and behind him are 
affected to a significantly less extent than that in front. 
Moreover, if the person is using an additional face shield, 
then the sound is amplified for the listener behind. Rather 
than absorbing the sound energy, the mask deflects it to the 
sides and the maximum attenuation of the sound takes place 
for the listener in front. 25 Thus, the relative position of 
HCPs and observer, in our study, could have affected the 
findings. Alternatively, Llamas et al. 15 evaluated a variety 
of face coverings and reported that the loss of sound during 
transmission is negligible except with surgical masks. They 
suggested that reduced comprehension of sound with the 
use of mask is primarily due to the auditory consequences of 
disturbance in speech articulation and/or result of decreased 
visual characteristics that are accessible to listeners. Thus, 
with surgical and N95 masks, decreased speech comprehen-
sion is a due to both loss of sound energy during transmis-
sion and absence of visual cues.

Attenuation of voice by mask results in increased vocal 
intensity. Moreover, it can affect other aspects of voice 
generation, produce pneumo-phono-articulatory incoordi-
nation, and hampers visualization of articulation. Misuse 
and abuse of voice is linked to poor vocal adjustments and 
exaggerated muscle tension may heighten the perception of 
symptoms, discomfort, and even initiate behavioral dyspho-
nia. 26–29 Similar to our study, Ribeiro et al. 30 reported 
that mask used for both professional and essential activi-
ties was associated with significantly increased VEs. These 
activities were linked to significantly increased scores of 
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