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Abstract

Purpose The aim of this study was to reveal the effect of N95 and surgical masks on mucociliary clearance function and
sinonasal complaints.

Methods Sixty participants were enrolled in this study, including 30 people in N95 mask group and 30 people in surgical
mask group. Two interviews, three days apart, were performed with all participants. The participants were asked not to use
any mask before the first interview while they were asked to use the determined mask just before the second interview for
8 h. In both interviews, the mucociliary clearance times (MCTs) were measured and participants were asked to score ten
distinct sinonasal complaints using visual analog scale (VAS). Data obtained from first interview were named pre-mask
data, data obtained from second interview were called after-mask data. In both groups, pre-mask MCTs and VAS scores
were compared with after-mask MCTs and VAS scores.

Results After-mask MCTs (mean=13.03 +£6.05 min) were significantly longer than pre-mask MCTs
(mean=10.19 +4.21 min) in N95 mask group (p =0.002). No significant difference was found between after-mask and pre-
mask MCTs (mean=12.05+5.21 min, mean=11.00 +5.44 min, respectively) in surgical mask group (p =0.234). When
after-mask VAS scores were compared with pre-mask VAS scores, it was found that N95 mask use increased nasal blockage
and postnasal discharge, surgical mask usage increased nasal blockage.

Conclusion While the use of N95 mask leads to nasal blockage and postnasal discharge, surgical mask use results in nasal
blockage. N95 masks cause impairment in mucociliary clearance function. But all these effects are mild. Surgical masks
have not been found to have any effect on mucociliary clearance function.
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Introduction

NO5 and surgical masks are among the personal protective
equipment that are commonly used. The importance of these
equipment is better appreciated in the COVID-19 pandemic.
During this pandemic, healthcare professionals had to wear
the N95 and surgical mask for long hours. It is also rec-
ommended that the masks be used by the people in public
areas due to the pandemic. During the use of these masks,
the breathing takes place through the pores on the masks.
Since respiration made in this way is not a physiological
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respiration, some effects in the body are inevitable. The lit-
erature review revealed that there are many studies on how
masks affect the systems in the body [1, 2]. On the other
hand, there are small number studies on how the various
types of masks affect the upper respiratory tract physiology
and complaints related to the upper respiratory tract.
Mucociliary clearance function is a crucial defense mech-
anism of the nose and paranasal sinuses. Disruption of this
function causes accumulation of secretions and secondary
infections [3]. Temperature, humidity, pH and partial oxy-
gen pressure are factors that affect this function [4]. Fur-
thermore, it has been found that this function is impaired
in many pathologies that affect the upper respiratory tract
directly or indirectly [5, 6]. During breathing through masks,
the humidity, temperature, and resistance of inhaled air
are altered [7]. Changes in all these parameters may affect
mucociliary clearance function. In addition, breathing
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through these masks for a long time may cause an increase
in complaints related to the upper respiratory tract.

In this study, the effect of N95 and surgical masks on
mucociliary clearance function and sinonasalcomplaints was
investigated.

Materials and methods

This study was conducted in the Department of Otorhino-
laryngology of XXXXXXX Yozgat Bozok University after
the approval of the local ethics committee. Sixty partici-
pants were enrolled in the study, including 30 individuals in
N95 mask group and 30 individuals in surgical mask group.
Written informed consent was obtained from all participants
before enrollment in the study. Those with a diagnosis of
nasal polyposis, sinusitis, allergic rhinitis, vasomotor rhi-
nitis, diabetes, kidney failure, smokers, a history of nasal
surgery and those younger than 18 and older than 65 years
were excluded from the study. Participants were randomly
allocated to the groups. Fifteen of the N95 mask group were
women and 15 were men. Of the surgical mask group, 16
were women and 14 were men. The mean age of the N95
mask group was 29.17 +3.98, while the average age of the
surgical mask group was 28.03 +4.30. There was no differ-
ence between the two groups in terms of age and gender (For
gender p=0.796, for age p=0.294). Two interviews were
performed with all participants, three days apart. Before
the first interview, the participants were asked not to use
any type of mask. Just before the second interview, they
were asked to wear the specified mask type (N95 or surgical
mask) for 8 h. In both interviews, the mucociliary clearance
function of the participants was evaluated and they were
asked to score determined sinonasal complaints according
to their feelings during the interview using VAS (0=No
complaints, 10 =the worst possible level). The data obtained
from the first interview were named pre-mask data, and the
data obtained from the second interview were called after-
mask data. Mucociliary clearance function was evaluated
using the saccharin test. This test was carried out by the
same otorhinolaryngologist. The saccharin test was applied
from the same nasal passage in both interviews. Participants
were asked not to eat or drink within one hour before the
test. During the test, the participants were told to stay in an
upright position, not to blow their nose or sniff. A 1-mm-
wide piece of sodium saccharin was placed on the antero-
medial surface of the inferior concha. MCT was accepted as
the time from tablet insertion until the sugar was tasted. In
addition, the participants were asked to rate their complaints
of need to blow nose, nasal blockage, sneezing, runny nose,
cough, postnasal discharge, thick nasal discharge, ear full-
ness, ear pain, facial pain/pressure using VAS, according to
what they felt during the first and second interviews. The
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mean MCT and the mean VAS score for each complaint in
the N95 and surgical mask group at the second interview
(after-mask) were compared with those obtained in the first
interview (pre-mask). The aim of the study was to reveal the
effect of N95 and surgical mask on mucociliary clearance
function and sinonasal complaints.

Statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS) version 15. The vari-
ables were investigated using visual (histograms, probability
plots) and analytical methods (Kolmogorov—Smirnov test)
to determine whether or not they are normally distributed.
Paired samples t test/Wilcoxon signed-rank test was run to
compare the data at two time points (pre-mask and after-
mask) for MCT and VAS scores of sinonasal complaints in
NO95 mask group and surgical mask group. A p value of less
than 0.05 was considered to show a statistically significant
result.

Results

In the N95 mask group, pre-mask mean MCT was
10.19 £4.21 min. and aftermask mean MCT was
13.03 £ 6.05 min. This difference was statistically sig-
nificant (p =0.002, Table 1). There was no statisti-
cally significant difference between the pre-mask mean
MCT (11.00+5.44 min.) and after-mask mean MCT
(12.05+5.21 min.) in the surgical mask group (p=0.234,
Table 1).

After-mask mean VAS scores of nasal blockage and
postnasal discharge complaints (3.27 +2.97, 2.90 +2.88,
respectively) were higher than pre-mask mean VAS scores
(1.97 +£2.18, 2.13 +2.44, respectively) in the N95 mask
group. These differences were also statistically significant
(»=0.010, p=0.015, respectively, Table 2). Similarly, in
the surgical mask group, after-mask mean VAS score of
the nasal blockage complaint (3.97 +2.48) was statistically
significantly higher than pre-mask mean VAS score of this
complaint (3.67+2.38, p=0.037, Table 2).

Table 1 Comparison of after-mask mucociliary clearence times with
pre-mask mucociliary clearence times in groups

Mucociliary Clearence 4
time(minutes)
Pre-mask After-mask

NO95 Mask group
Surgical mask group

10.19+4.21 min
11.00+5.44 min

13.03+6.05 min  0.002%*
12.05+5.21 min  0.234°

*Wilcoxon signed-rank test
®Paired samples 7 test

*Statistically significant



European Archives of Oto-Rhino-Laryngology (2022) 279:759-764 761

Table 2_ Comparison Of_ after- Complaints NO95 mask group P Surgical mask group )4

mask sinonasal complaints VAS

scores with pre-mask sinonasal Pre-mask After-mask Pre-mask After-mask

complaints VAS scores in VAS VAS VAS VAS

groups
Need to blow nose 2434235 283+2.60 0.372* 3.13+295 2.60+294 0.174*
Nasal blockage 1.97+2.18 327+2.97  0.010%  3.67+2.38 3.97+248  0.037"
Sneezing 2.10+229 1.53x2.12  0.159* 3.07+2.55 2.67+274  0.080*
Runny nose 2.10+2.38 2.77+327  0.320* 320+292 243+2.89  0.069*
Cough 090+142 080+1.40 0.377% 1.67+198 130+1.68  0.252%
Postnasal discharge 2.13+244 290+2.88  0.015**  227+2.58 1.87+250 0.117*
Thick nasal discharge ~ 1.47+2.72  1.50+2.14  0.757* 1.60+2.82 1.43+247  0.857*
Ear fullness 0.70+191 1.00+2.15  0.750* 2.53+348 2.10%3.13  0.204*
Ear pain 0.80+245 083+1.82 0.673* 1.73+£2.70  1.60+2.50  0.631*
Facial pain/pressure 090+2.35 1.73+£2.82  0.234* 1.77+3.12 223+3.20 0.119*

#*Wilcoxon signed-rank test
®Paired samples 7 test

*Statistically significant

In the N95 mask group, there was no statistically sig-
nificant difference between pre-mask mean VAS scores of
need to blow nose, sneezing, runny nose, cough, thick nasal
discharge, ear fullness, ear pain, facial pain/pressure and
after-mask mean VAS scores of these complaints (Table 2).

There was no statistically significant difference between
pre-mask mean VAS scores of need to blow nose, sneez-
ing, runny nose, cough, postnasal discharge, thick nasal dis-
charge, ear fullness, ear pain, facial pain/pressure complaints
and after-mask mean VAS scores of these complaints in the
surgical mask group (Table 2).

Discussion

NO5 and surgical mask types have multiple overlapping lay-
ers of polypropylene [8, 9]. These fiber structures not only
provide mechanical filtration, but also contribute to filtration
by creating an electrostatic charge [10, 11]. N95 and surgi-
cal masks can be used separately or by wearing a surgical
mask on the N95 mask to prevent surface contamination
[12]. A surgical mask protects the patient and the surgical
area from contamination, however, it does not protect the
person from infectious aerosols. The N95 mask is designed
to protect the person from infectious agents [13]. During
the use of masks, air passes through a narrow passage and
breathing pressure, breathing resistance and breathing qual-
ity are affected [14]. Therefore, besides the filtration capac-
ity, the breathability of the masks is also crucial [15]. It has
been suggested that breathability will not be altered if the
flow rate of the air passing through the mask is above 85 L/
min [16]. Lee et al. performed rhinomanometry and nasal
spirometry on 14 participants using N 95 masks in their
study and found 126% increase in inspiratory flow resistance

and 122% increase expiratory flow resistance [17]. In the
same study, it is also emphasized that there is an average
decrease of 37% in air exchange volume due to the use of
NO5 masks. In their study, Yang et al. used surface EMG
signals and respiratory signals to reveal the breathing resist-
ance that occurs due to the N95 mask [18]. All these studies
prove that breathing performed through masks differs from
physiological respiration.

There are various studies investigating the effect of this
non-physiological breathing pattern through masks on the
body systems. In a study investigating the effects of masks,
an increase in perceived exertion, perceived shortness of
air, complaints of headache, lightheadedness, difficulty in
communicating due to prolonged use of mask was found
[19]. It has been shown that the use of N95 mask in patients
with chronic obstructive pulmonary disease affects breath-
ing frequency, blood oxygen saturation, and carbon dioxide
level in exhaled air [20]. Bharatendu et al. suggested that
the use of N95 mask may alter cerebral hemodynamics [21].
It was stated in the literature that using personal protective
equipment, including the N95 mask, may cause headache
[22]. Headache following the use of N95 mask may be due
to changes in cerebral hemodynamics. Lissing et al. evalu-
ated the cardiopulmonary and metabolic responses due to
the use of surgical masks with impedance cardiography and
ergo-spirometry and found that the use of surgical masks
increased airway resistance and heart rate [23]. In another
study conducted on healthcare professionals working in
intensive care, it was shown that the use of personel protec-
tive equipment along with a mask caused changes in heart
rate, oxygen saturation and perfusion index [24]. Breathing
through masks is not a physiological respiration and this
type of respiration affects several systems in the body.
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It is inevitable that the masks will affect the physiology
of the upper respiratory tract since the masks completely
cover the mouth and nose, which constittue the opening to
the upper respiratory tract, and the air inhaled through the
masks comes into direct contact with the upper respiratory
tract. However, there are small numbers of studies in the
literature on how mask types affect sinonasal physiology.
There are changes in the temperature and humidity of the
inhaled air due to the use of face mask [25]. Furthermore,
changes in the temperature, humidity, and pH of the inhaled
air affect the cilia functions in the upper respiratory tract.
Klimek et al. described a new form of irritant rhinitis due to
the use of N95 mask [26]. It is suggested that the irritation
here may be due to polypropylene fibers seen in the nasal
passage due to the use of N95 mask. In addition, in this
study, an increase in complaints of sneezing, itching, nasal
blockage and rhinorrhea was observed due to the use of the
NO95 mask. In a study conducted with 87 participants, who
used a N95 mask in the first session and a surgical mask in
the second session, received acoustic rhinometry and rhi-
nomanometry tests before and after the mask. No difference
was found in terms of mean minimum cross-sectional area
values obtained before and after the mask in both sessions
[27]. However, in this study, the duration of use of masks
was three hours. In another study conducted with 250 partic-
ipants, the effects of the masks were investigated. Excessive
sweating around the mouth was found in 67.6% of the par-
ticipants, difficulty in breathing on exertion at 58.2%, acne in
56.0%, and itchy nose in 52.0% [28]. In our study, a statisti-
cally significant prolongation was noted in MCT in the N95
mask group, whereas no statistically significant prolongation
was observed in MCT in the surgical mask group (Table 1,
Fig. 1). This elongation detected in the N95 mask group
may be due to changes in the temperature, humidity, pH of
the breathing air or irritant rhinitis. In addition, this type of
mask creates higher resistance to inhaled air, which results
in negative pressure on the nasal mucosa. This negative
pressure may lead to edema of the nasal mucosa, impaired
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Fig. 1 Graphical illustration of pre-mask and after-mask mean muco-
ciliary clearence times in groups
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mucociliary clearance function and increased complaints of
nasal blockage. Increasing the temperature of the inhaled air
may be associated with the thickening of the postnasal dis-
charge and the increased complaints of postnasal discharge.
There was no increase in sinonasal complaints other than
nasal blockage in the surgical mask group and mucociliary
clearance function was not affected (Tables 1, 2). This can
be attributed to a more physiological respiration, due to the
open edges of the surgical mask.

In the literature, similar to our study, mucociliary clear-
ance function and sinonasal complaints were evaluated in
pathologies that directly affect the nasal mucosa, such as
acute rhinitis and chronic rhinosinusitis. More significant
changes were found in these studies compared to those
obtained in our study [29, 30]. This suggests that increases
in MCT, nasal blockage and postnasal discharge complaints
detected in the N95 mask group and the increase in nasal
blockage complaint seen in the surgical mask group were
mild. Furthermore, N95 and surgical masks have been fre-
quently used during the COVID-19 pandemic. However,
no increase in number of patients with acute rhinosinusitis
was noted both in our practice and in the literature review,
and these masks are well tolerated by users. Although the
increases in the MCT, nasal blockage and postnasal dis-
charge were statistically significant in our study, these dif-
ferences did not reach clinically significant level. In the
NO95 mask group, a slight increase in MCT due to the use of
the mask was observed in most of the participants (Fig. 2).
On the other hand, it was determined that the increase in
nasal blockage complaint in the surgical mask group and
the increase in nasal blockage and postnasal discharge com-
plaints in the N95 mask group were more common in some
participants (Fig. 2). This may be associated with the VAS
being more subjective than the saccharine test, or more fre-
quent occurrence of nasal blockage and postnasal discharge
complaints due to irritant rhinitis in some participants.

In this study, there was a short period of 3 days between
the first and the second interview to prevent the intervention
of other factors that may affect mucociliary clearance. Fur-
thermore, pre-mask and after-mask mucociliary clearence
measurements were not performed on the same day, as this
may affect the results. These are the strengths of this study.
On the other hand, in this study, the effects of using the
masks for eight hours were investigated. Especially health-
care professionals have to use these masks for much longer
hours and months. Therefore, further studies are needed to
investigate the effects of prolonged mask use.
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Fig.2 Boxplot graphs of significantly changing parameters in groups

Conclusion

The use of N95 mask causes complaints of nasal blockage
and postnasal discharge, while the use of surgical mask causes
nasal blockage. N95 masks lead to impairment in mucocili-
ary clearance function. But all these effects are mild and
these masks are well tolerated by users. Surgical masks have
not been found to have any effect on mucociliary clearance
function.
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