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Abstract 

Background Facemasks are routinely used among healthcare providers, especially after the COVID-19 pandemic. 
However, they negatively impact speech perception. Our study investigated how speech perception using the word 
discrimination score (WDS) was affected by wearing surgical and KN95 masks while dealing with hearing-impaired 
healthcare recipients.

Method This case–control study included 60 participants [15 with normal hearing and 45 with varied degrees 
of sensorineural hearing loss (SNHL)], for whom word discrimination scores (WDS) were evaluated under various mask 
conditions.

Results On applying repeated measures of two-way analysis of variance (RM two-way ANOVA), there was statistically 
significant interaction (p = 0.0018), meaning that the level by which the mask affects the WDS depends on the under-
lying hearing level. Both main factors showed a statistically significant effect (p < 0.0001). Surgical masks had a lesser 
impact on speech discrimination compared to KN 95.

Conclusions It was concluded that KN95 severely impacted the WDS among all groups relative to surgical mask 
and the no-mask condition. Although the high-frequency SNHL (HF-SNHL) group had mild hearing loss in the pure 
tone audiometry (PTA) average, they showed lower WDS relative to the mild to moderate flat SNHL (MM-SNHL). 
Moderately severe to severe SNHL expressed the worst values. As a result, the surgical mask is recommended 
over the KN95 mask since it provides better speech discrimination while giving adequate protection. These findings 
should be taken into consideration as they will have an impact on communication, especially in situations like hospi-
tals where the patients must understand the instructors and healthcare providers very well.
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Background
Face masks are considered very crucial to protect against 
infection from upper respiratory tract infections [1]. 
Many authorities across the world advocate their use in 
public spaces during pandemics and hospital facilities as 
a routine. Face masks attenuate the speech acoustic sig-
nals and reduce the influence of verbal communication, 
both of which are important features for message intelli-
gibility [2–4]. Facemasks occlude the visual cues obtained 
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from mouth and lip motions, and change speech acoustic 
aspects that reduce speech discrimination, particularly 
in a noisy environment or when the listener has hearing 
impairment [4, 5]. Masks muffle speech sounds, espe-
cially higher frequencies that are responsible for the dis-
crimination of similar sounds [3, 6].

During the COVID-19 pandemic, the two widely 
used masks were the surgical masks and the KN95 [7]. 
For optimum protection, the Centers for Disease Con-
trol and Prevention (CDC) advises using an NIOSH-
approved respirator N95 mask and KN95 followed 
by a surgical disposable mask and a cloth mask with 
the least protection [8–10]. However, a new system-
atic review and meta-analysis research published in 
2020 revealed that surgical masks and N95 respirators 
gave similar protection against viral respiratory infec-
tion including coronavirus among healthcare workers 
during non-aerosol-generating care [11]. The impact 
of those masks, however, varies significantly on how 
speech is perceived. The higher the barrier level a mask 
provides, the more significant impact it would have on 
the voice signals [6, 12, 13].

Previous research regards the effect of wearing face-
masks on speech discrimination has been done on 
normal-hearing individuals [14–16], and on patients 
with hearing impairment [2, 13]. However, in the cur-
rent study, different levels of SNHL were involved (mild 
to moderate SNHL, high-frequency SNHL, moderately 
severe to severe SNHL). Our research, it was aimed to 
investigate the impact of using surgical versus KN95 
masks among healthcare providers on speech discrimi-
nation. The routine use of these face masks nowadays 
among healthcare providers emphasizes the impor-
tance of addressing this critical issue. To the authors’ 
knowledge, it is the first study to investigate the effect 
of mask-wearing on Arabic speech materials among the 
Arab population.

Method
This is a prospective observational study comprising 60 
subjects [15 subjects with normal hearing and 45 with 
varied degrees of sensorineural hearing loss], for whom 
word discrimination scores (WDS) were evaluated under 
various mask conditions. It was conducted at a tertiary 
referral hospital, between June 2022 to January 2023. Our 
Institutional Review Board approved the study (Ethical 
approval code no. 34941). This study conforms to the 
Declaration of Helsinki. Every participant provided their 
informed permission.

Sample size calculation
The sample size and power analysis were established uti-
lizing Epi-info software statistical package version 2002, 

produced by the World Health Organization and Center 
for Disease Control and Prevention (Atlanta, GA, USA). 
With a 95% confidence level, the power analysis showed 
that enrolling sixty participants would provide our study 
with 88% power to detect differences in word discrimina-
tion scores across groups with different degrees of hear-
ing loss under various mask conditions.

Our study included four groups:

Control group (normal‑hearing group)
Normal hearing sensitivity was defined as having pure-
tone air-conduction thresholds ≤ 25  dB HL at all audio-
metric-tested frequencies 250 Hz to 8000 Hz. This group 
had normal middle ear function as determined by tympa-
nograms and acoustic reflexes.

Mild to moderate SNHL (MM‑SNHL)
Patients in this group had hearing thresholds ranging 
from > 25 to 55  dB on average, at audiometric test fre-
quencies of 250 Hz to 8000 Hz.

High‑frequency SNHL (HF‑SNHL)
This group included patients with normal-hearing sen-
sitivity (≤ 25  dB) up to 1  kHz and sloping to high-fre-
quency SNHL at a frequency range of 2–8  kHz with a 
hearing threshold average of > 25 dB on average, at audio-
metric test frequencies 250 Hz to 8000 Hz.

Moderately severe to severe SNHL (MS‑S SNHL)
Patients in this group had an average hearing threshold of 
55 to 90 dB at all audiometric-tested frequencies. They all 
had bilateral symmetrical sensorineural hearing.

All participants age ranged from 18 to 65  years old. 
They had no systemic diseases or neurological disorders.
Equipment
Pure tone audiometry. Madsen Astera which is a type 
1, two channels, and PC-based audiometer with head-
phones of TDH39 type. Immittancemetry: Interacoustics 
(AT235) Impedance Audiometer. We assessed the word 
discrimination across different groups by speech lists 
that were developed and validated by Soliman et al. [17]. 
These lists are equal in difficulty. The word recording was 
made by a native female speaker. She was instructed to 
speak naturally at a comfortable pitch and pace and to 
maintain clarity and effort while uttering words. These 
involved eight lists of open sets of phonetically balanced 
monosyllabic words. Each list was comprised of 25 words 
with a score of 4% for each correct word. The words were 
recorded on Audacity, and they were sampled as WAV 
to 24-bit/96  kHz which was used for high-resolution 
recordings. Recordings were made in a double-walled 
sound-treated room and a microphone was placed per-
pendicular to the speaker at 0.5 m. The recordings were 
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done under three conditions. The  1st condition was done 
while the speaker was wearing no masks. The second 
condition was recorded while the speaker was wearing 
a surgical mask. The 3rd condition was done while the 
speaker was wearing the KN95 mask. Figure  1 demon-
strates the spectrogram of one word uttered under three 
different conditions. Signal levels were monitored with an 
oscilloscope throughout the recording session to confirm 
that peak signals were not clipped. Then spectrogram 
of the whole recordings was visually inspected to detect 
and remove artifacts (non-speech mouth movements, 
clicks….). All participants were blinded to the recording 
condition, i.e., they did not know that they were receiving 
words under different mask conditions.

Procedure
All subjects underwent a detailed audiological history, a 
thorough otological examination, and a basic audiological 
evaluation that included pure tone audiometry, speech 
audiometry, and immittancemetry. Word discrimination 

score (WDS) test: using the recorded word lists. For each 
participant, a WDS was established for each ear sepa-
rately by three different lists (one list without any mask, 
the second list with the surgical mask, and the third list 
with the KN95 mask). Three different lists were used for 
each ear. The presentation level was 40 dB suprathreshold 
or at the most comfortable level if there was recruitment.

Statistical analysis of the collected data
Results were collected, tabulated, and statistically ana-
lyzed by Prism 8 (GraphPad software).

Two types of statistical analysis were done:
Descriptive statistics were expressed in Number (No), 

percentage (%) mean (x̅), and standard deviation (SD)
Analytic statistics, e.g.

• Paired t test was employed to compare different readings 
of normally distributed data in the same group (Rt versus 
left ear scores). One-way analysis of variance (ANOVA) 
was applied to compare age between the distinct groups. 

Fig. 1 Spectrograms of one word uttered under the three conditions. A Without mask, B surgical mask, C KN95. The figure was taken from Audacity 
software. Notice the change in the envelope was prominent under KN95
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Chi-square test (χ2) was utilized to compare the sex dis-
tribution between distinct groups. Two-way repeated 
measures ANOVA was applied to compare the WDS 
among the groups under the different mask conditions. 
Tukey’s test was utilized as a post hoc test for the correc-
tion of multiple tests. A p-value of 0.05 was considered 
statistically significant. The normality of distribution 
parameters was evaluated by the D’Agostino and Pear-
son normality test.

• GraphPad software’s Prism 8 was used to create the 
graphics.

Results
Our study included four groups. There were no signifi-
cant differences between groups as regards age and sex 
(p value > 0.05). The control group included 15 normal-
hearing healthy volunteers from the outpatient clinic 
(8 males, 7 females) whose ages ranged from 19 to 
50  years” 35 ± 9.5  years”. Fifteen participants with MM-
SNHL (10 males, 5 females), their ages ranged from 20 
to 55 years “38 ± 10 years”. Fifteen participants with HF-
SNHL (6 males and 9 females), their ages ranged from 
19 to 56  years “39 ± 13  years”. Fifteen participants with 
MS-S SNHL (7 males and 8 females), their ages ranged 
from 18 to 55 years “36 ± 12 years”. Since all patients with 
hearing loss exhibited symmetrical sensorineural hearing 
loss on both sides, and the results of WDSs showed no 
significant differences between right and left ears (Paired 
t test; p > 0.05), so, the values of right and left ears were 
combined for further analysis. So, there were 30 ears 
with normal hearing (control group I); 30 ears with MM-
SNHL group (group II); 30 ears with HF-SNHL (group 
III), and lastly 30 ears with MS-S SNHL (group IV). In 

Fig. 2, we represent the mean ± SD air-conduction thresh-
olds in right versus left ears for the normal-hearing and 
hearing-impaired groups. WDS (mean ± SD) in normal 
hearing was 98.9 ± 2.6; 94.27 ± 4.8; 87.2 ± 5.89 under (no 
mask condition; surgical mask and KN95) respectively. In 
MM-SNHL it was 96.9 ± 2.9; 90.8 ± 4.7; 82 ± 6.7 under the 
three conditions. In HF-SNHL, it was as follows 94 ± 3.7; 
84.7 ± 6.4; 78 ± 8.5 under the three conditions. Lastly, in 
MS-S SMHL it was 72 ± 11; 62.9 ± 13.8; 57.6 ± 12.4 under 
the three conditions (Table  1). Figure  3 represents the 
scatterplot of WDS in subjects of the study under various 
mask conditions.

RM two-way ANOVA was applied to test the effect of 
both hearing level and mask effect (the two independent 
variables) on the word discrimination score (WDS) (the 
dependent variable), and Tukey’s multiple comparisons 
was applied as post hoc test. The interaction between the 
hearing factor and the mask factor was statistically sig-
nificant (F (6, 232) = 3.646P = 0.0018), meaning that, the 
manner in which the mask affects the WDS depends on 
the underlying hearing level (Table 2, Fig. 4).

Furthermore, the main effect of both mask condi-
tion and hearing level were both of higher statistical 
significance (F (1.742, 202.1) = 396.9  P < 0.0001; F (3, 
116) = 100.6  P < 0.0001). That is, the WDS was bet-
ter while the speaker was wearing (no mask > surgi-
cal mask > KN95 mask), and it was also better when 
the audience had (normal-hearing > MM SNHL > HF 
SNHL > MS-S SNHL). Following the ANOVA, a post-
hoc Tukey’s multiple comparisons test was utilized to 
compare all scores in pairs. Post hoc multiple compari-
son tests revealed that.

Fig. 2 Mean and standard deviation (SD) of pure tone air-conduction thresholds (dB HL) in right versus left ears for the normal-hearing 
and hearing-impaired subgroups. RT: right, LT: left. MM-SNHL: mild to moderate sensorineural hearing loss, HF-SNHL: high-frequency sensorineural 
hearing loss, MS-S SNHL: moderately severe to severe sensorineural hearing loss, Hz: hertz, dB HL: decibel hearing level



Page 5 of 11Nada et al. The Egyptian Journal of Otolaryngology          (2023) 39:161  

Ta
bl

e 
1 

W
or

d 
di

sc
rim

in
at

io
n 

sc
or

e 
(m

ea
n 

±
 S

D
) i

n 
di

ffe
re

nt
 g

ro
up

s 
w

ith
 d

iff
er

en
t h

ea
rin

g 
le

ve
l u

nd
er

 d
iff

er
en

t m
as

k 
co

nd
iti

on
s

N
H

 n
or

m
al

 h
ea

rin
g,

 M
M

 S
N

H
L 

m
ild

 to
 m

od
er

at
e 

se
ns

or
in

eu
ra

l h
ea

rin
g 

lo
ss

, H
F 

SN
H

L 
hi

gh
-fr

eq
ue

nc
y 

se
ns

or
in

eu
ra

l h
ea

rin
g 

lo
ss

, M
S-

S 
SN

H
L 

m
od

er
at

el
y 

se
ve

re
 to

 s
ev

er
e 

se
ns

or
in

eu
ra

l h
ea

rin
g 

lo
ss

, S
D

 s
ta

nd
ar

d 
de

vi
at

io
n

G
ro

up
s

N
H

 G
ro

up
M

M
-S

N
H

L
H

F-
SN

H
L

M
S-

S 
SN

H
L

co
nd

iti
on

N
o 

m
as

k
Su

rg
ic

al
KN

95
N

o 
m

as
k

Su
rg

ic
al

KN
95

N
o 

m
as

k
Su

rg
ic

al
KN

95
N

o 
m

as
k

Su
rg

ic
al

KN
95

M
ea

n 
±

 S
D

98
.9

3 
±

 2
.5

59
94

.2
7 

±
 4

.7
77

87
.2

0 
±

 5
.8

86
96

.9
3 

±
 2

.9
12

90
.8

0 
±

 4
.7

15
82

.0
0 

±
 6

.7
06

94
.1

3 
±

 3
.7

48
84

.6
7 

±
 6

.3
97

78
.0

0 
±

 8
.4

53
72

.4
0 

±
 1

1.
28

62
.9

3 
±

 1
3.

77
57

.6
0 

±
 1

2.
41



Page 6 of 11Nada et al. The Egyptian Journal of Otolaryngology          (2023) 39:161 

I) Within groups’ analysis (mask factor)

 In all groups, WDS under KN95 was the worst 
relative to surgical mask and relative to no mask 
condition (Table  3 and Figs.  4 and 5). There were 
statistically significant differences between the 
KN95 versus no mask condition, surgical mask ver-
sus no mask condition and KN95 versus surgical 
mask in all groups.
II) Between groups’ analysis (hearing level factor)

(a) Under no mask condition: normal hearing group 
differed significantly from all other groups of 

hearing loss. The group of HF-SNHL had statis-
tically significantly lower scores than the MM-
SNHL (p = 0.01) with a mean difference from 
the NH of 4.8–2 respectively, although they have 
better PTA average relative to MM-SNHL. The 
MS-S SNHL group expressed the worst WDS, 
(b) Under the surgical mask condition: the 
groups exhibited the same pattern as in the no 
mask condition, however, the difference between 
the MM-SNHL and HF-SNHL was much higher 
(p = 0.0005). This is owed to the more deteriora-
tion that happened to the HF-SNHL under the 
surgical mask. (c) Under the KN95 condition: 

Fig. 3 Scatterplot showing the word discrimination score (WDs) across groups with different degrees of hearing loss under various mask conditions 
(without mask, with surgical mask, and with KN95 mask). Pure-tone averages (PTA) are represented on the y-axis and word recognition scores 
(WDS) are represented on the x-axis. A Normal hearing group, B group with mild to moderate-SNHL “MM-SNHL”, C group with high-frequency SNHL 
“HF-SNHL”, D group with moderately severe to severe SNHL” “MS-S-SNHL”, PTA average “pure tone audiometry average”

Table 2 Two-way repeated measured analysis of variance (two-way RM ANOVA) to test the effect of both hearing level and mask 
effect (the two independent variables) on the word discrimination score (WDS) (the dependent variable) and to test the interaction 
between both (mask effect and Hearing level) on WDS

a MM SNHL mild to moderate sensorineural hearing loss
b HF SNHL high-frequency sensorineural hearing loss
c MS-S SNHL moderately severe to severe sensorineural hearing loss

Interaction between mask factor and hearing level factor F (DFn, DFd) P Value
F (6, 232) = 3.646 P = 0.0018

Normal vs aMM SNHL vs bHF SNHL vs cMS-S SNHL (Hearing level factor) F (3, 116) = 100.6 P < 0.0001
No mask vs Surgical mask vs KN95 (mask factor) F (1.742, 202.1) = 396.9 P < 0.0001
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both MM-SNHL and HF-SNHL showed further 
deterioration in WDS and there was no signifi-
cant difference between both groups (p = 0.19). 
In all conditions, the WDS in the NH group was 
more than MM-SNHL which was more than 
HF-SNHL. Also, this last group had more WDs 
than MS S-SNHL (Table 4).

Discussion
Facemasks are important for preventing disease trans-
mission via aerosols and droplets. Various types includ-
ing woven fabric masks, surgical, and N95 filtering 

Fig. 4 RM two-way ANOVA was applied to test the effect of both hearing level and mask condition (the two independent variables) on the (WDS) 
(the dependent variable). The interaction between the hearing factor and the mask factor was statistically significant, meaning that, the manner 
by which the mask affects the WDS depends on the underlying hearing level. MM-SNHL: mild to moderate sensorineural hearing loss, HF-SNHL: 
high-frequency sensorineural hearing loss, MS-S SNHL: moderately severe to severe sensorineural hearing loss, WDS: word discrimination scores

Table 3 Post hoc Tukey’s multiple comparison illustrating (within group analysis)

a MM SNHL mild to moderate sensorineural hearing loss
b HF SNHL high-frequency sensorineural hearing loss
c MS-S SNHL moderately severe to severe sensorineural hearing loss

Tukey’s multiple comparisons test Mean Diff 95.00% CI of diff Adjusted P Value

normal hearing
 KN95 vs. Surgical mask -7.067 -10.34 to -3.796  < 0.0001
 KN95 vs. No mask -11.73 -14.57 to -8.894  < 0.0001
 Surgical mask vs. No mask -4.667 -6.444 to -2.889  < 0.0001
MM SNHLa

 KN95 vs. Surgical mask -8.800 -11.54 to -6.063  < 0.0001
 KN95 vs. No mask -14.93 -17.96 to -11.90  < 0.0001
 Surgical mask vs. No mask -6.133 -7.756 to -4.511  < 0.0001
HF SNHLb

 KN95 vs. Surgical mask -6.667 -8.581 to -4.752  < 0.0001
 KN95 vs. No mask -16.13 -19.53 to -12.73  < 0.0001
 Surgical mask vs. No mask -9.467 -11.76 to -7.171  < 0.0001
MS SSNHLc

 KN95 vs. Surgical mask -5.333 -7.248 to -3.419  < 0.0001
 KN95 vs. No mask -14.80 -17.08 to -12.52  < 0.0001
 Surgical mask vs. No mask -9.467 -11.90 to -7.029  < 0.0001
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Fig. 5 Word discrimination score (WDS) at different conditions (no mask, surgical mask, KN95) in different groups (normal-hearing; MM-SNHL; 
HF-SNHL, and MS-S SNHL) [within group analysis]. NH: normal hearing, MM-SNHL: mild to moderate sensorineural hearing loss, HF-SNHL: mild 
to moderate high-frequency sensorineural hearing loss, MS-S SNHL: moderately severe to severe sensorineural hearing loss

Table 4 Post hoc Tukey’s multiple comparison illustrating (between group analysis)

a MM SNHL mild to moderate sensorineural hearing loss
b HF SNHL high-frequency sensorineural hearing loss
c MS-S SNHL moderately severe to severe sensorineural hearing loss
d CI confidence interval

Tukey’s multiple comparisons test Mean Diff 95.00% CI d of diff Adjusted P Value

KN95
 normal hearing vs. MM  SNHLa 5.200 0.8889 to 9.511 0.0120
 normal hearing vs. HF  SNHLb 9.200 4.208 to 14.19 < 0.0001
 normal hearing vs. MS  SSNHLc 29.60 22.89 to 36.31 < 0.0001
 MM SNHL vs. HF SNHL 4.000 -1.219 to 9.219 0.1894

 MM SNHL vs. MS SSNHL 24.40 17.53 to 31.27 < 0.0001
 HF SNHL vs. MS SSNHL 20.40 13.12 to 27.68 < 0.0001
Surgical mask
 normal hearing vs. MM SNHL 3.467 0.2250 to 6.708 0.0316
 normal hearing vs. HF SNHL 9.600 5.735 to 13.46 < 0.0001
 normal hearing vs. MS SSNHL 31.33 24.16 to 38.50 < 0.0001
 MM SNHL vs. HF SNHL 6.133 2.286 to 9.981 0.0005
 MM SNHL vs. MS SSNHL 27.87 20.71 to 35.03 < 0.0001
 HF SNHL vs. MS SSNHL 21.73 14.31 to 29.16 < 0.0001
No mask
 normal hearing vs. MM SNHL 2.000 0.1271 to 3.873 0.0320
 normal hearing vs. HF SNHL 4.800 2.600 to 7.000 < 0.0001
 normal hearing vs. MS SSNHL 26.53 20.81 to 32.26 < 0.0001
 MM SNHL vs. HF SNHL 2.800 0.5037 to 5.096 0.0109
 MM SNHL vs. MS SSNHL 24.53 18.78 to 30.29 < 0.0001
 HF SNHL vs. MS SSNHL 21.73 15.88 to 27.58 < 0.0001
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facepiece respirators (N95 mask) can be used [18]. Surgi-
cal and KN95 masks are widely used in the marketplace 
and give good protection [7]. KN95 has filtering and fit-
ting characteristics, that are responsible for the high bar-
rier level of that mask, but has a greater impact on the 
voice signals [6, 12] as seen in (Fig. 1).

Mask-wearing is challenging for all populations, par-
ticularly those with hearing impairment [19, 20]. The 
acoustic attenuation of the various masks has an enor-
mous influence on speech perception among this group 
of populations. These patients with poorer audibility and 
more distorted spectral resolution will suffer more when 
communicating with subjects wearing masks [20].

Depending on their barrier effect, masks variably 
impact the voice signals. Certain masks, particularly the 
N95/KN95 masks have a profound impact on speech dis-
crimination [3, 4, 6, 12]. Facemasks reduce the speech 
acoustic signals and act as a low-pass filter that impacts 
speech perception [2, 3, 6]. Face masks may influence the 
speech spectrogram (Fig. 1) and decrease vocal intensity 
[12, 13]. They eliminate the lip readings, which enhance 
speech recognition and are necessary for some people 
with hearing loss. [21, 22].

Speech comprehension is a challenge for those with 
SNHL. This can be attributed to the impairment in their 
ability to resolve the frequency component of the com-
plex sounds together with the degradation of their ability 
to process the temporal fine structures [23, 24]. Due to 
cochlear injury and the resultant reduction in nonlinear 
cochlear processes, patients with SNHL may have lower 
frequency selectivity [25]. Earlier studies have demon-
strated that the frequency resolution is related to the 
degree of hearing impairment [26].

This research was designed to investigate the influence 
of various mask conditions (no mask condition, surgical 
mask, and KN95 mask) on WDS for listeners of distinct 
groups of the population (normal hearing, MM-SNHL, 
HF-SNHL, and MS-S SNHL). The interaction between 
the hearing factor and the mask factor was statistically 
significant [F (6, 232) = 3.646; P = 0.0018], meaning that, 
the manner by which the mask affects the WDS depends 
on the underlying hearing level. Moreover, the main 
effects of both the mask factor and hearing level fac-
tor on WDS were statistically significant. That means 
the WDS was better while the speaker was wearing (no 
mask > surgical > KN95), and it was also better when 
the audience had (normal-hearing > MM-SNHL > HF-
SNHL > MS-S SNHL). The significant main effect for 
hearing level suggested that listeners with hearing loss 
had a lower WDS than the listeners with normal hear-
ing. Moreover, the significant main effect for the mask 
condition showed that the performance under the KN95 

was worse than the surgical mask and both were worse 
than with no mask condition.

 I. Within groups’ analysis (mask factor)

 In all groups, WDS under KN95 was the worst relative 
to surgical mask and relative to no mask condition 
(Table 3 and Figs. 4 and 5). There were statistically 
significant differences between the KN95 versus 
no mask condition, surgical mask versus no mask 
condition, and KN95 versus surgical mask in all 
groups. KN95 has filtering and fitting characteris-
tics, that are responsible for the high barrier level 
of that mask, but has a greater impact on the voice 
signals [6, 12], so, it has the worst significant effect 
on speech discrimination.

 II. Between groups’ analysis (hearing level factor)

a) Under no mask condition

 Normal hearing group showed a statistically sig-
nificant difference from all other groups of hear-
ing loss. The group of HF-SNHL showed more 
lower scores than the MM-SNHL, although they 
had a better PTA average relative to the MM-
SNHL. There was a statistically significant differ-
ence in WDS between MM-SNHL and HF-SNHL 
(p = 0.01). The MS-S SNHL group expressed the 
worst WDS.

b) Under the surgical mask condition
 The groups exhibited the same pattern as in no 

mask condition; however, the difference between 
the MM-SNHL and HF-SNHL was much higher 
(p = 0.0005). This could be due to the deteriora-
tion which occurred in subjects with HF-SNHL 
under the surgical mask. That is because patients 
with such types of hearing losses had poorer 
audibility and spectral resolution in high frequen-
cies and were thus more liable to be influenced by 
the surgical masks. Subjects with HF-SNHL had 
difficulty accessing spectral information higher 
than 2 kHz, a region important for the perception 
of consonants [25].

c) Under KN95 condition
 Both MM-SNHL and HF-SNHL showed dete-

rioration in WDS and there was no significant 
difference between both groups (p = 0.19). In 
all conditions the WDS in NH group > MM-
SNHL > HF-SNHL > MS S-SNHL). The last group 
with MS-S SNHL had the worst WDS under 
the three mask conditions. These patients with 
poorer audibility and more distorted spectral 
resolution will suffer more when communicating 
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with people wearing masks [20]. It is documented 
that patients with poorer hearing have a poorer 
spectral resolution [25, 26].

Previous research investigated the impact of wearing dif-
ferent masks on communication. Some found non-signifi-
cant differences in speech discrimination between no-mask 
conditions and different mask conditions in a quiet environ-
ment in the normal-hearing population [27, 28]. A study 
done on forty individuals with normal hearing revealed that 
speech discrimination with personal protective equipment 
(N95 + faceshield) was significantly lower than without 
wearing personal protective equipment [29]. Another study 
was performed on normal-hearing subjects using speech 
perception in a noise test under the following conditions (no 
mask, surgical mask, surgical mask with shield), they found 
that the performance under the surgical mask was statisti-
cally significantly different from the no mask condition. 
However, the greatest effect occurred when the face shield 
was added [14]. Toscano and Toscano [16] reported that, 
at a low level of noise, the three mask types (surgical, N95, 
and 2 different cloth masks) showed no significant effect on 
speech recognition. However, at a prominent level of noise, 
the difference in speech recognition was more apparent 
with the homemade cloth and N95 masks.

Few researches were done to study the influence of dif-
ferent masks on hearing loss populations. Mendel et  al. 
[28] reported no significant differences in hearing loss 
under the surgical mask in quiet, but in noise, there was 
a detrimental effect. Atcherson et al. [2] performed their 
study on normal hearing, moderate hearing impairment, 
and severe profound hearing impairment; and under 
three mask conditions: no mask, standard paper surgical 
mask, and transparent surgical mask. The authors noticed 
that the individuals with normal hearing performed con-
sistently well through all conditions. However, a com-
parison between normal and hearing impairment groups 
revealed statistically significant differences between the 
participants with normal hearing and those with severe-
to-profound hearing impairment for all types of masks. A 
more recent study was done by Moon et  al. [13] to test 
the effect of N95 mask-wearing on speech perception 
in subjects with normal hearing and those with bilateral 
moderate SNHL. The authors reported that in the case of 
the absence of visual cues, there were statistically signifi-
cant differences between speech understanding with and 
without masks in both study groups.

The discrepancies among previous studies were mul-
tifactorial, which might be due to differences in meth-
odology, study design, the condition of the test (type of 
mask, speech signal), and the population under the test 
(normal hearers versus patients with SNHL). However, 
future research should be done on a larger number of 
participants with distinct levels of hearing loss, under 

diverse types of masks (surgical, cotton, transparent, 
face shield…) while using more challenging stimuli, i.e., 
speech in noise.

Conclusions
Surgical masks have less effect on speech discrimination 
in all groups compared to KN95. Participants with high-
frequency hearing loss are more susceptible to the nega-
tive effects of face masks. So, it is recommended to use 
surgical masks rather than the KN95, especially in situa-
tions that do not necessitate high degrees of protection. 
These findings should be taken into consideration as 
they will have an impact on communication, especially 
in  situations like hospitals where the patients must 
understand the instructors and the healthcare providers 
very well.
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