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Abstract

Introduction: The purpose of the present study was to as-
sess nasal mucociliary clearance (NMC) and sinonasal symp-
toms of healthcare professionals wearing filtering face-
piece-3 (FFP3) respirators. Methods: This prospective cross-
sectional study was conducted at a large tertiary care
academic center. Thirty-four healthcare professionals work-
ing ata coronavirus disease-19 patient care unit were includ-
ed in the study. Visual analog scale (VAS) scores of sinonasal
symptoms (nasal discharge, postnasal discharge, nasal
blockage, hyposmia, facial pain/pressure, facial fullness,
headache, fatigue, halitosis, cough) and the NMC times of
the participants were assessed immediately before wearing
FFP3 respirators and after 4 h of work with FFP3 respirators.
Results: The mean age of the participants was 28.82 + 4.95
(range, 26-31) years. Twenty participants were female and
14 were male. After wearing the FFP3 respirators for 4 h, a
statistically significant increase was observed in total VAS
scores for all sinonasal symptoms and NMC times (p < 0.001).
When the VAS score of each sinonasal symptom was evalu-
ated separately, a statistically significant increase was found
for VAS scores of nasal discharge, postnasal discharge, nasal

blockage, hyposmia, facial pain/pressure, and facial fullness
(p < 0.05). Conclusion: The present study shows that nasal
mucosal functions might be affected significantly after 4 h of
using FFP3 respirators. The long-term effects and clinical sig-
nificance of these short-term changes should be investigat-
ed on healthcare professionals in further studies.

© 2022 S. Karger AG, Basel

Introduction

The coronavirus disease-19 (COVID-19) pandemic is
the most serious global health crisis since the 1917 Span-
ish flu epidemic. With the COVID-19 outbreak, the im-
portance of respiratory protection for healthcare profes-
sionals has been emphasized, and the usage of a filtering
facepiece respirator (FFR), which is used to prevent inha-
lation of toxic and infectious particles in the air, has be-
come important. The World Health Organization recom-
mends using surgical masks to protect against the droplet
transmission of severe acute respiratory syndrome coro-
navirus 2 and FFRs for aerosol-generating procedures
[1]. FFRs are more effective than surgical masks because
of their ability to filter smaller particles and fit better on
the user’s face [2]. However, the dead space between the
FFR and the face accumulates exhaled carbon dioxide
(CO,), causing it to be inhaled back into the respiratory

Karger@karger.com
www.karger.com/orl

© 2022 S. Karger AG, Basel

el
Karger~

Correspondence to:
Selguk Yildiz, selcukyildiz60 @ hotmail.com



tract during the next inspiration [3]. Thus, oxygen (O,)
and CO, levels of the air inhaled with FFRs do not meet
the working environment standards [4, 5]. CO, retention
in the FFR dead space has been shown to significantly in-
crease end-tidal CO, (EtCO,) and fractional inspired
CO; pressure (FiCO,) [6]. CO, levels >3% in the breath-
ing-environment have been associated with some detri-
mental physiological effects [7]. During the use of FFRs,
a short-term negative effect on measures of cardiopulmo-
nary function including increased EtCO, and decreased
forced expiratory volume and peak power has been found
[6, 8]. The long-term effects of these changes are not
known. It has also been shown that FFRs cause an in-
crease in face temperature, humidity in the inhaled air,
and respiratory resistance [9, 10].

Nasal mucociliary clearance (NMC) is the primary de-
fense mechanism of the respiratory system [11]. Inhaled
particles adhere to the nasal mucosa and ciliary activity
carries mucus toward the oropharynx [12]. Thus, NMC
protects the respiratory system against inhaled particles
and microorganisms. Ineffective ciliary activity can lead
to acute or chronic infections of the upper and lower re-
spiratory tract [13]. Several studies reported many factors
that cause deterioration in NMC [14-16]. Ciliary func-
tion may vary due to temperature, pH, osmotic pressure,
infections, genetic factors, and iatrogenic factors [17].

We assumed that NMC, which was stated to be affect-
ed by many factors in previous studies, may be affected
by changes in the inhaled air secondary to the use of fil-
tering facepiece-3 (FFP3) respirators. The aim of the
present study was to evaluate the NMC function and si-
nonasal symptoms of healthcare professionals using FFP3
respirators.

Materials and Methods

Study Design

This was a single-center, prospective, cross-sectional study
conducted at the otorhinolaryngology department of a large ter-
tiary care academic center. The study was approved by the Institu-
tional Clinical Research Ethics Committee (approval number:
2021/130) and conducted in accordance with the ethical principles
for medical research involving human subjects outlined in the
Declaration of Helsinki. Written informed consent was obtained
from all participants before their enrollment.

Study Population

Thirty-four healthcare professionals working in the COVID-19
patient care unit and using FFP3 respirators were included in the
study. The participants were evaluated through a detailed medical
history, otorhinolaryngological examinations, and nasal endoscopy:
Those with have a pathology that caused nasal obstruction such as
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rhinosinusitis, septum deviation, nasal polyposis, concha bullosa or
adenoid hypertrophy; a history of allergy or asthma; a history of up-
per respiratory tract infection in the last two months; a history of
COVID-19; a history of nasal or paranasal sinus surgery; a history of
systemic disease, and smokers were excluded from the study.

Outcome Measures

Two visits were conducted after the participants were deter-
mined. The first visit was held at 08:00 a.m. before the shifts started,
and the second visit was held 4 h later, at 12:00 p.m. during their
break. Before the first visit, the participants were accustomed to an
indoor environment without an FFR and they were allowed to rest in
room air for 30 min. In both visits, sinonasal symptoms (nasal dis-
charge, postnasal discharge, nasal blockage, hyposmia, facial pain/
pressure, facial fullness, headache, fatigue, halitosis, cough) were
queried using a visual analog scale (VAS) (0 = no complaint, 10 = the
worst possible level) and NMC times were measured. Between the
two visits, all participants wore the same duck-billed design dispos-
able FFP3 respirator without an exhalation valve (Ege 700 FFP3 NR
D; Istanbul, Turkey) provided by the Ministry of Health. We per-
formed a leak check before testing to ensure that the FFR was used as
correctly as possible. They worked for 4 h until their break as they did
in their routine practice without ever removing the FFR.

Measurement of NMC

NMC times were evaluated by the same otorhinolaryngologist
using the sodium saccharin test. The saccharin test was performed
according to the method described by Greenstone and Cole [18].
Testing was performed in an area of constant humidity with a
room temperature of 20-22°C. Participants were positioned in an
upright position. A 1-mm piece of sodium saccharin was placed in
the medial side of the inferior nasal turbinate using bayonet for-
ceps. After placing the saccharin particle, subjects were advised not
to lean forward or reach out. The participants were asked to avoid
deep breathing, talking, coughing, sneezing, blowing their nose, or
sniffing during the test. The time interval between the implanta-
tion of the particles and detecting the sweet taste in the oropharynx
was measured by a timekeeper and was accepted as the NMC time.

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS) for Win-
dows version 22.0 software (SPSS for Windows Inc., Chicago, IL,
USA) was used for the statistical analyses. The suitability of the
quantitative data for normal distribution was tested using the Sha-
piro-Wilk test. Categorical characteristics were described using
frequency and proportions. Continuous outcomes were described
as means (standard deviation) or median (first [Q1] and third
quartiles [Q3]) and compared with either the paired-samples ¢ test
or the Wilcoxon’s signed-rank test, depending on normality. Cor-
relation analysis was performed using Spearman’s correlation test.
Statistical significance was accepted as p < 0.05.

Results

This prospective study included 34 healthcare profes-
sionals. The average age of the participants was 28.82 *
4.95 (range, 26-31) years. Twenty subjects (58.8%) were
female and 14 (41.2%) were male.
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Table 1. The NMC times and total VAS
scores of all sinonasal symptoms at
baseline and after the FFR visits

Table 2. The VAS score of each sinonasal
symptom at baseline and after the FFR
visits

Baseline After the FFR p value
NMC time, min
Median (Q1-Q3) 6.00 (5.00-9.00) 11.50 (9.0-15.00) <0.001*
Mean + SD 6.97+2.52 13.00+5.42 '
VAS
Median (Q1-Q3) 7.50(1.75-15.25) 10.50 (4.25-20.25) <0.001*
Mean + SD 9.20+8.24 13.00+10.85 ’

FFR, filtering facepiece respirator; NMC, nasal mucociliary clearance; VAS, visual analog
scale. Wilcoxon signed rank test, * p < 0.001.

Sinonasal symptoms Baseline After the FFR p value
Nasal discharge

Median (Q1-Q3) 0.00 (0.00-2.00) 1.50 (0.00-3.25) 0.007*

Mean + SD 1.02+1.40 2.14+2.65 ’
Postnasal discharge

Median (Q1-Q3) 1.00 (0.00-3.00) 2.00 (0.00-4.00) 0.010*

Mean + SD 1.79+2.34 2.58+2.60 ’
Nasal blockage

Median (Q1-Q3) 0.50 (0.00-2.00) 1.50 (0.00-2.00) 0.015*

Mean = SD 1.20£1.75 1.73£2.15 ’
Hyposmia

Median (Q1-Q3) 0.00 (0.00-0.25) 0.00 (0.00-1.00) 0.023*

Mean + SD 0.67+1.42 0.91+1.71 ’
Facial pain/pressure

Median (Q1-Q3) 0.00 (0.00-0.00) 0.00 (0.00-1.00) 0.010*

Mean + SD 0.08+0.37 0.52+1.05 ’
Facial fullness

Median (Q1-Q3) 0.00 (0.00-0.00) 0.00 (0.00-0.00) 0.038*

Mean + SD 0.14+0.43 0.35%+0.73 ’
Headache

Median (Q1-Q3) 0.00 (0.00-1.00) 0.00 (0.00-2.00) 0.199

Mean + SD 0.73+£1.35 1.02+£1.83 ’
Fatigue

Median (Q1-Q3) 1.00 (0.00-3.00) 1.50 (0.00-6.00) 0.063

Mean + SD 1.97+2.44 2.52+2.95 ’
Halitosis

Median (Q1-Q3) 0.00 (0.00-2.00) 0.00 (0.00-1.25) 0.655

Mean + SD 0.91£1.58 0.97£1.71 ’
Cough

Median (Q1-Q3) 0.00 (0.00-0.00) 0.00 (0.00-0.00) 1.000

Mean + SD 0.38+0.98 0.38+0.92 ’

FFR, filtering facepiece respirator; VAS, visual analog scale. Wilcoxon signed rank test,

*p < 0.05.

The median NMC times measured at baseline and af-
ter the FFR visits were 6 and 11.5 min, respectively. After
wearing the FFP3 respirator for 4 h, a statistically signifi-
cant increase was observed in the NMC time (p < 0.001)

(Table 1).

Effect of FFP3 Masks on Nasal Physiology

The median total VAS scores of all sinonasal symp-
toms at baseline and after the FFR visits were 7.5 and 10.5,
respectively. After wearing the FFP3 respirator for 4 h, a
statistically significant increase was observed in the total
VAS scores for all sinonasal symptoms (p < 0.001) (Ta-
ble 1). When the VAS score of each sinonasal symptom
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was evaluated separately, a statistically significant in-
crease was found for VAS scores of nasal discharge, post-
nasal discharge, nasal blockage, hyposmia, facial pain/
pressure, and facial fullness (p < 0.05) (Table 2). It was
noteworthy that there was an increase in other sinonasal
symptoms, except for cough (Table 2).

Spearman’s correlation analysis showed no correla-
tion between the change in the NMC time and the change
in total VAS scores of all sinonasal symptoms (r = 0.073,
p =0.681). There was no correlation between the change
in the NMC time and the change in the VAS score of each
sinonasal symptom (p > 0.05).

Discussion

The present study evaluated the effect of short-term
FFP3 respirator use on NMC and sinonasal symptoms in
healthcare professionals. The NMC time measurements
and sinonasal symptoms were found to be increased sig-
nificantly according to baseline values. A statistically sig-
nificant increase was found for VAS scores of nasal dis-
charge, postnasal discharge, nasal blockage, hyposmia,
facial pain/pressure, and facial fullness.

Despite their widespread use, few reports have been
published on the physiological effects of FFRs on health-
care professionals. A significant increase in heart rate, re-
spiratory rate, and blood pressure has been reported dur-
ing moderate-to-heavy exertion performed with FFRs
compared with exertion without a mask [19]. A recent
study reported a significant alteration in ocular vascular
structures after wearing FFP3 respirators for 4 h in health-
care professionals [20]. Another study reported that, in
healthy individuals, ventilation, cardiopulmonary exer-
cise capacity, and comfort were decreased with surgical
masks and substantially deteriorated with the use of FFRs
[8]. Another recent report showed that the use of FFP2
respirators by healthcare professionals significantly in-
creased EtCO, and FiCO, pressure values [6]. There are
also reportsindicating no significant physiological change
after 1 h of mild-to-moderate effort with FFRs [4, 6, 8, 19,
21, 22]. However, in these studies, participants were only
tested for 1 h of exercise at a low-to-moderate workout
rate under laboratory conditions. Our study was conduct-
ed under the real working conditions of healthcare pro-
fessionals.

The NMC system, which is responsible for cleaning
inhaled particles and pathogens, is the most important
defense mechanism of the airway [23]. Some genetic dis-
orders or environmental and microbial toxins may affect
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NMC [24]. Recent studies have investigated the effects of
various factors on NMC. One of these studies reported
that hypothyroidism led to prolonged NMC times [25].
In another recent study, NMC time was found to be lon-
ger in patients with multiple sclerosis [26]. That NMC
was affected by external factors was reported in a study
conducted on wood industry workers [27]. Koparal et al.
[28] reported prolonged NMC times in patients with CO-
VID-19.

There are different opinions in the literature about
whether mucociliary activity is affected by effort. Studies
suggest that mucociliary clearance is significantly in-
creased during exercise [29, 30]. Another study reported
that simple exercises such as performing routine tasks in
a hospital setting did not affect on mucociliary clearance
[31]. It is difficult to evaluate the results of the present
study in terms of the effort effect because, unlike these
studies, the participants were working with FFP3 respira-
tors in the present study.

In the literature, it is mentioned that FFRs cause CO,
retention, temperature increase, and a humidity increase
in the inhaled air. The dead space between the FFR and
the face accumulates exhaled CO,, causing it to be inhaled
back into the respiratory tract during the next inspiration
[3]. Thus, the O, and CO, levels of the air inhaled with
FFRs do not meet the working environment standards [4,
5]. CO, retention in the FFR dead space has been shown
to significantly increase EtCO, and FiCO, [6]. A breath-
ing environment containing CO, >3% has been associ-
ated with some detrimental physiological effects [7]. It
has also been shown that FFRs cause an increase in face
temperature, humidity in the inhaled air, and respiratory
resistance [9, 10]. Ciliary function may vary due to tem-
perature, pH, osmotic pressure, infections, genetic fac-
tors, and iatrogenic factors [17]. We did not measure the
temperature, CO, levels, and humidity of the air remain-
ing in the FFR dead space. However, we think CO, reten-
tion may be existed in the FFR dead space due to the FFRs
used in this study had no exhalation valves. We specu-
lated that prolonged NMC times in the present study
would result from CO, retention, increased temperature,
and humidity caused by 4 h of work with FFP3 respira-
tors. It may be more enlightening to examine the tem-
perature, CO; levels, and humidity of the air remaining
in the FFR dead space in detail in further studies.

Ciliary beat frequency can vary depending on the tem-
perature [32, 33]. Several studies investigated the effect of
temperature on mucociliary clearance and most showed
that a decrease in temperature altered it negatively [32,
34-36]. The ciliary beat frequency of the trachea was
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shown not to be influenced by the fluid with pH values of
7-10 in an animal study but decreased with higher and
lower values [37]. Under low relative humidity condi-
tions, insensible water loss increases, and mucociliary
clearance is delayed [38]. We did not measure the tem-
perature, pH, and humidity of the air remaining in the
FFR dead space. However, we think it may have an acidic
pH due to CO, retention. It may be more enlightening to
examine the air temperature in the FFR dead space in de-
tail in further studies.

Kirtsreesakul et al. [39] reported a positive correlation
between NMC times and nasal symptom scores. There
was no correlation between NMC times and sinonasal
symptoms in the present study.

The main limitation of the present study was that there
was no control group working in the same environment
without wearing an FFR. Due to the risk of COVID-19
transmission, a control group with these features could
not be formed. Also, we did not measure the temperature,
CO; levels, and humidity of the air remaining in the FFR
dead space. In addition, due to mandatory needs, the un-
interrupted wearing time of the FFP3 respirator was lim-
ited to 4 h. Another limitation was the small size of the
subject population, which may limit the generalizability
of the findings. Further studies with a larger number of
participants are needed to confirm the results.

Conclusion

In conclusion, we report a significant increase in NMC
times and sinonasal symptoms after wearing FFP3 respi-
rators for 4 h in healthcare professionals. Considering the
ongoing COVID-19 pandemic, healthcare professionals
will have to work with these respirators for a long time.
More studies are needed on the effects and safety of FFRs
on healthcare professionals’ nasal mucosal physiology in
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