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Introduction
Facemasks and respirators are important components of personal 

protective equipment for health care workers in hospitals and public 
civilians during severe hazy conditions or influenza pandemic. The 
efficacy of protection of facemasks and respirators is of importance 
as they filter fine airborne particles from reaching the respiratory 
system and prevent inter-individual infection. The protective efficacy 
of facemasks and respirators has been extensively studied and 
compared,1 by a cluster randomized trial on 794 household members, 
reported that facemasks seemed to prevent household transmission 
of influenza virus. Loeb et al.,2 by a randomized trial on 446 nurses, 
reported that surgical facemask is not inferior in preventing laboratory-
confirmed influenza compared to N95 respirator, which was criticized 
to be with various study limitations.3–5 On the contrary, another study 
with cluster randomized clinical trial found that the rate of infection 
with medical mask was two times of with N95 respirator.6 While 
Atrie et al.,7 commented that2 findings were supportive, the debate on 
whether the surgical mask is non inferior in preventing influenza than 
N95 respirator or not is still ongoing. Nevertheless, the difference of 
protective efficacy between facemask and respirator is conclusive. 
It was generally accepted that N95 respirator is more effective for 
filtration compared to facemask.8,9

Despite the protective function, the effects of mask wearing 
on respiratory microclimate, respiratory functions and individual 
sensations are important as well. It was reported that facemask caused 
less subjective discomfort feeling, lower perception of humidity, 
heat and breathe resistance than N95 respirator.10 Wearing masks 
could affect the wearer’s whole body thermal sensation.11 Long-

duration wearing of N95 respirator may induce physiological stress 
on the wearer, making regular tasks more challenging, and causes 
headaches among healthcare providers.12 These effects might be due 
to the respiratory microclimate change surrounding the masks. For 
example, wearing surgical facemask and N95 respirator was found 
to induce different temperatures and humidification on outer and 
inner mask surfaces 10. These differences are attributed to different 
material properties of the masks, such as lower air permeability 
and water vapor permeability in N95 respirator.13 While the N95 
respirator would physically increase the nasal resistance more than 
100% compared to the condition without respirator,14 the presence 
of exhaled moisture or concurrent wearing of surgical facemask has 
limited effect on breathing resistance.15,16

After exposure to masks forhours, the physiological function 
of nasal cavity may change due to the different humidification and 
temperature conditions within the mask. However, there is a lack 
of reported studies on the post effects of wearing N95 respirators 
or surgical facemasks on human upper airway functions. With this 
hypothesis, in the current study we aimed to measure the breathing 
functions in vivo on human subjects using standard rhinomanometry, 
acoustic rhinometry and spirometry. The findings will be useful for 
the development and formulation of guidelines and policy for the long 
duration usage of N95 respirators and surgical facemasks.

Materials and methods
Study population

In this parallel group trial, we compared the effects of long-
duration wearing of surgical facemask and N95 respirator on nasal 
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Abstract

The protection efficacy of facemasks and respirators has been well documented. The 
change of human nasal functions after wearing N95 respirator and surgical facemask is 
not known. In a parallel group study, we recruited 87 healthy healthcare workers. Each 
of the volunteers attended two sessions, and wore N95 respirator in session 1 (S1) 
and surgical facemask in session 2 (S2) for 3hours. Mean minimum cross sectional 
area (mMCA) of the two nasal airways via acoustic rhinometry and nasal resistance 
via rhinomanometry were measured before and immediately after the mask wearing. 
Rhinomanometry was repeated every 30minutes for 1.5hours after the removal of 
masks. A questionnaire was distributed to each of the volunteers, during the 3hours 
mask wearing period, to report subjective feelings on discomfort level of breathing 
activity. Among 77 volunteers who completed both the two sessions, the mean nasal 
resistance immediately increased upon the removal of surgical facemask and N95 
respirator. The mean nasal resistance was significantly higher in S1 than S2 at 0.5 hour 
and 1.5hours after removal of the masks (p<0.01). There is no statistical difference on 
mMCA before and after mask wearing in both sessions (p=0.85). The discomfort level 
was increasing with time while wearing masks, with significantly higher magnitude in 
S1 (p<0.001). There is an increase of nasal resistance upon removal of N95 respirator 
and surgical facemask potentially due to nasal physiological changes. N95 respirator 
caused higher post-wearing nasal resistance than surgical facemask with different 
recovering routines.

Keywords: N95 respirator, surgical facemask, sasal resistance, minimum cross 
sectional area, discomfort level
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functions. 87 health care workers from the National University 
Hospital, Singapore were recruited between 13th March 2013 and 21st 
March 2014, among whom 5 failed to complete all the tests and 2 
were not qualified for the criteria of the study. The data of another 3 
were not fully collected due to equipment malfunction. In total there 
are 77 complete data sets collected with 12 male adults and 65 female 
adults with age ranging between 21 and 60years old.

Study procedures

Upon the arrival of the volunteers, they would rest at room 
temperature for 30minutes. The study consists of initial measurement 
of nasal geometry using acoustic rhinometry and the inspirational 
and expirational flow resistance using rhinomanometry included 
in Rhino-Sys (HappersbergerOtopront GmbH). After the initial 
assessment, each human subject was asked to wear the N95 respirator 
during the first session and surgical mask during the second session 
for 3hours. Rhinomanometry and acoustic rhinometry measurements 
were conducted immediately after the wearing of N95 respirator or 
surgical facemask followed by repeated measurement at 30minutes 
interval for a continuous period of 1.5hours. The study protocols were 
approved by the institutional review boards of National University of 
Singapore.

Objective and subjective outcomes

The mean minimum cross sectional areas (mMCA) of left and 
right nasal airways were measured at the beginning of each session 
and right after the removal of respirator/facemask. The inspirational/
expirational nasal resistances were measured at the beginning of each 
session, and repeated every 30minutes after the removal of respirator/
facemask for 1.5hours. The nasal resistance was measured at a 
reference pressure of 150 Pa. The measurements of nasal resistance 
via rhinomanometry and MCA via acoustic rhinometry were carried 
out using Rhino-Sys (HappersbergerOtopront GmbH). In addition, 
volunteers were also asked to score subjective feelings on discomfort 
level of breathing activity every 30minutes for 3hours while wearing 

the respirator/facemask.

Statistical analysis

We compared the mean inspirational/expirational nasal resistances 
and subjective discomfort levels at the same time instances between 
session 1 and session 2 with the use of two-tailed, paired t-tests with 
significant level of 0.05. Single-factor ANOVA was used to compare 
the mMCAs before and after the mask wearing period in sessions 1 
and 2 with significant level of 0.05. A two-sided P value of 0.05 or 
lower was considered to demonstrate statistical significance.

Results
Figure 1 shows the mean nasal resistance of the baseline and at 

the time after removal of masks. The mean nasal resistances of the 
baseline are slightly different between the two sessions possibly due 
to nasal cycle. The mean nasal resistance increased immediately after 
the removal of the respirator, continued to increase in the first hour 
without mask and decreased in the last half an hour in session 1. In 
session 2, the mean nasal resistance increased immediately after the 
removal of the facemask, increased in the first half an hour thereafter, 
decreased in the second half an hour and then increased to the end. As 
shown in Table 1, while the baseline nasal resistance and resistances at 
times of 4hrs and 5hrs are similar between the two sessions, the nasal 
resistance is significantly higher in S1 than in S2 at times of 3.5hrs and 
4.5hrs (p<0.01). In addition, at one and a half hours after the removal 
of masks, the mean nasal resistance reached the same level, but larger 
than the baseline resistance, in both sessions (p<0.05).

Table 2 shows the mean minimum cross sectional area (mMCA) of 
left and right nasal airways. In session 1, the mMCA slightly decreased 
after wearing N95 respirator for 3hours, while in session 2 the mMCA 
slightly increased. The mMCAs are statistically equal among pre and 
post conditions of sessions 1 and 2 (ANOVA, p=0.85). As shown 
in Table 3, the mean comfort level is decreasing with time in both 
sessions 1 and 2, while wearing N95 respirator caused significantly 
more uncomfortable feelings compared to surgical facemask.

Table 1 Mean nasal resistance before (T=0.5hr) and after (T=3.5, 4, 4.5 and 5hrs) mask wearing. *The unit for nasal resistance is Pa*s/ml 

  T=0.5 T=3.5 T=4 T=4.5 T=5

 
Mean 
resistance 
±SD*

p-value
Mean 
resistance 
±SD

p-value
Mean 
resistance 
±SD

p-value
Mean 
resistance 
±SD

p-value
Mean 
resistance 
±SD

p-value

S1 
Inspiration 0.44±0.24 

0.43

0.56±0.34 

<0.01

0.59±0.41 

0.33

0.60±0.46 

<0.01

0.51±0.23 

0.60
S2 
Inspiration 0.41±0.32 0.45±0.24 0.52±0.53 0.45±0.21 0.50±0.22 

S1 
Expiration 0.47±0.28 

0.45

0.59±0.34 

<0.01

0.63±0.42 

0.21

0.67±0.60 

<0.01

0.55±0.25 

0.59
S2 
Expiration 0.43±0.34 0.49±0.28 0.54±0.47 0.48±0.23 0.53±0.23 
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Figure 1 Mean inspirational/expirational nasal resistance before and after the 3 hours mask wearing period. The I bars represent standard errors.

Table 2 Mean mMCA of the nasal cavity before (Pre) and immediately after 
(Post) mask wearing

 
S1 S2

mMCA (cm2) SD mMCA (cm2) SD

Pre 0.42 ±0.14 0.41 ±0.17

Post 0.40 ±0.14 0.42 ±0.12

Table 3 Mean discomfort level during the 3 hours mask wearing period

Time (hr)
Mean discomfort level±SD

P-value
S1 S2

0.5 1.36±1.40 0.68±0.94 <0.001

1 1.96±1.62 1.01±0.99 <0.001

1.5 2.29±1.73 1.17±1.16 <0.001

2 2.52±1.79 1.27±1.26 <0.001

2.5 2.66±1.93 1.44±1.35 <0.001

3 2.88±2.03 1.66±1.62 <0.001

3.5 3.05±2.15 1.81±1.78 <0.001

Discussion
As the protection efficacy and possible effects on nasal functions 

and subjective sensations of wearing N95 respirator/surgical facemask 
have been well demonstrated, the present pilot study tried to answer 
the question on whether there is any physiological change of nasal 
functions upon removal of N95 respirator/surgical facemask after 
long-duration wearing.

Wearing N95 respirator and surgical facemask would increase 
the breathing resistance due to the presence of extra layer through 
the breathing path. An increase of mean resistance during 1.5hours 
post mask-wearing period was identified in both sessions, indicating 
potential change of the upper airway conditions. While the mean 
minimum cross sectional area, as one of the most important parameters 
to determine nasal resistance, did not significantly differ before and 
after wearing respirator in session 1 and wearing facemask in session 
2, the increase of nasal resistance after removal of masks is possibly 
due to physiological change of upper airways. For example, wearing 
of respirator and facemask altered the fractions of air components and 

changed microclimate around the nasal cavity,17 which would further 
affects the function of mucosa and its transportation rate.18,19

Significantly different mean inspirational/expirational nasal 
resistances were observed between session 1 with N95 respirator 
and session 2 with surgical facemask at times of 3.5hrs and 4.5hrs. 
This is possibly due to different physical designs and settings. The 
N95 respirator demonstrates lower air and water vapor permeability.13 
Subjected to these physical differences, the microclimates in and 
outside N95 respirator and surgical facemask are also different. 
The surgical facemask was found to be with higher temperature and 
humidification on the outer surface, while lower temperature and 
humidification on the inner surface compared to N95 respirator.10 The 
discomfort level is gradually increasing with time of mask wearing 
and is lower while wearing surgical facemask than N95 respirator, 
which is consistent with Li et al. finding.10

Conclusion
In conclusion, there is an increase of nasal resistance upon 

removal of N95 respirator and surgical facemask after 3hours wearing 
which potentially due to nasal physiological changes, instead of the 
size of nasal airways. The nasal resistance was not recovered even 
after 1.5hours removal of respirator/facemask. In addition, the N95 
respirator caused higher post-wearing nasal resistance than surgical 
facemask with different recovery routines. This pilot study has certain 
limitations. Firstly, the number of volunteers recruited was not large 
enough to eliminate the magnitude difference of mean nasal resistances 
at the beginning of sessions 1 and 2, though statistically the null 
hypothesis is acceptable. Secondly, the time monitored after removal 
of respirator/facemask, 1.5hours, was not long enough for the nasal 
resistance recovering to the baseline level, which is of importance. 
The limitation in the study time interval is due to the requirement that 
the volunteers are to remain in the study centre without consumption 
of foods and therefore we could not keep the volunteers for too long. 
Thirdly, the effects of nasal cycle could not be ruled out in monitoring 
the nasal resistance change before and after mask wearing based upon 
the current test settings.
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