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Abstract The fundamental aim of this study is to deter-
mine the effects of prolonged usage of N95 respirators and
surgical facemasks amid health care workers in our insti-
tution. Cross-sectional study. SRM medical college hos-
pital, Kattankulathur. A self-constructed questionnaire
containing 20 queries regarding the effects of prolonged
use of face masks, after being analysed by the experts of
our institution were handed over to 250 participants.. All
participants wore either surgical masks or N95 respirators
for a minimum of 4 h per day. People aged between 20 and
48 years were selected for this study. Study period was
from 20/07/2020 to 26/07/2020. Completed questionnaires
were sent for statistical analysis. A total of 250 healthcare
workers participated in the study, out of which 179 were
females. The acquired results were excessive sweating
around the mouth accounting to 67.6%, difficulty in
breathing on exertion 58.2%, acne 56.0% and itchy nose
52.0%. This study suggests that prolonged use of face-
masks induces difficulty in breathing on exertion and
excessive sweating around the mouth to the healthcare
workers which results in poorer adherence and increased
risk of susceptibility to infection.
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Introduction

The nose is a complex organ that forms an important part
of the face and has multiple functions. The primary func-
tion of the nose is to humidify,warm the inspired air and
also aids at removing the harmful particles from entering
into the lower respiratory tract. It is the frontline defender
of the respiratory system. An average adult usually inspires
about 10,000 L of air daily. Nasal mucosa is a highly
vascular structure and has a large surface area of 150 cm
square. Physiologically, the nose has 50% resistance in the
entire airway, which when affected plays a significant role
in total respiratory function. All of these components
contribute to normal homeostasis of the body [1].

Slight fluctuations in the external environment can affect
the function of cilia. Dry conditions hinder ciliary action
thereby stopping ciliary movements at temperatures below
10 degree Celsius and temperatures above 45 degree Cel-
sius [1]. Cilia can beat above pH-6.4 as well as function in
a slightly alkaline medium of up to 8.5 for a prolonged
period [1].

The normal inspiratory flow rate in an adult ranges
between 5L-12 L/min and has pressure of 50 Pa between
the nostrils and nasopharynx. During exercise the flow rate
can increase as much as 150L/min [1].

The velocity of air increases as it passes through the
nasal valve. A turbulent flow is observed in the nasal
cavity, with different air layers swirling together [1]. The
change from laminar to turbulent flow is paramount as it
allows the velocity of air to reduce, thus allowing pro-
longed contact of inspired air with nasal mucosa,thereby
enabling the nose to perform its vital function [1].

The inferior turbinate is also a part of nasal valve area
where it plays a vital role in changing the laminar air flow
to turbulent. The large surface area and extensive blood
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supply to the inferior turbinate increases the association of
inspired air with the nasal mucosa which enables the nose
to carry out its functions more efficiently [1].

The turbinate assembles the pattern of airflow, enabling
the nose to exhale inspired air into the airstream. In this
process, heat and energy are emitted into the inspired air-
stream. As a consequence, saturation of the airborne par-
ticles and microorganisms becomes heavier and sinks into
the mucosal layer where they are processed by enzymes
and immune system cells [1].

Temperature of the inspired air ranges from —50 °C to
50 °C. It usually depends on the temperature of the local
environment [1].

Negus et al., stated that moistening of the surface of the
respiratory mucosa largely depends on the secretion from
racemose mucous glands and transduction through cell
walls. A combination of these two produces mucus [2].
Nose has numerous goblet cells and glands with good
vascularity. Nose eminently gives moisture of about one
litre in 24 h, which is basically lost during expiration [2].

A few parameters should be considered when we are
analysing about the moisture of the atmosphere.

The carrying power of the atmosphere for water is ter-
med as Absolute Humidity. This varies directly with the
temperature and barometric pressure [2].

If the quantity of water surpasses the maximum, the
excess is precipitated as droplets; hence dew point is
reached [2].

Relative humidity is the estimate of the quantity of the
water vapour to the total amount of vapour that can exist in
the air at present temperature [2].

The heat emitted by the blood helps in warming the
inspired air and raises it to the body temperature. The air
reaching the larynx should be warmed to bring higher
absolute humidity [2].

Facemasks are of vital importance in protecting the
healthcare workers from the Corona virus disease(SARS-
COV 2).The World health organisation(WHO) announced
the pandemic of COVID-19 on 11th March 2020 [3].The
use of face masks have become ubiquitous to prevent the
spread of COVID-19.1t has been recommended by the
governments to enforce their mandatory use. About 20.9
million people are affected with the Coronavirus as of 12th
of August 2020 [4]. In India, about 2.39 million people
have been affected with the Corona virus as of 13th of
August 2020 [5].

A study done by Antonio Scarano et al. [6], states that
NO5 respirators were able to persuade a raise in facial
discomfort, facial skin temperature resulting in lower
compliance on comparing with surgical masks. Owing to
the prolonged usage of facemasks, there might be an
increase in heat beneath the mask, which in turn decreases
the water carrying capacity of air in the nose resulting in
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the sensation of dry nose. A study by Raymond Roberge
et al., stated that increased thermal perception is one of the
reasons for the intolerance of wearing N95 respirators [7].
Based on these background findings, in this study we are
going to assess whether the prolonged usage of face mask
will have effects on the thermal reaction of facial skin and
nasal cavity, which can lead to improper usage of the
facemasks.

Methods

A self-constructed questionnaire was made based on the
interview with 250 healthcare workers and it was further
analysed and assessed by the experts. A final questionnaire
of 20 were given to the participants which includes feeling
of generalised nasal discomfort, dry nose, itchy nose,
burning sensation in the nose, cracking inside the nose,
crusting, pain in the nose, altered sense of smell, blood in
the tissue paper, nasal stuffiness, acne, skin changes like
any rashes or redness over the face, pain in the ear, dry
mouth, halitosis, sore throat, trouble breathing on exertion,
dry eyes and excessive sweating.

This is a Cross-sectional study conducted in SRM
Medical College Hospital and Research institute, Chennai.
A total of 250 health care workers were analysed during
this study period. All participants wore both the surgical
masks and N95 respirators for a minimum of 4 h per day.

Inclusion criteria was healthcare workers aged
18-45 years and those willing for the study. Young people
were selected as they represent the most active, healthy
population. Exclusion criteria included non—healthcare
workers and those with co-morbidities like diabetes,
hypertension, epilepsy, cardiac illness, asthma and other
respiratory illness.

Statistical Analysis

The outcome of the data was assembled and statistically
assessed by RStudio 1.3.1073. The particulars was assessed
by Shapiro—Wilks test to estimate the normal distribution.
The Z-Proportion test was carried out to note the study
variables proportion in every complaint. The significance
level was calibrated at p < 0.05.

Results

A total of 250 health care workers were given the ques-
tionnaire of which females were 71.6% (176) and males
were 28.4% (71). All the 250 health care workers were
included in the final analysis.The mean age group was
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Table 1 Stating statistical analysis of subjective nasal symptoms

Frequency Percent
1 Feeling of generalized nasal discomfort Yes 122 48.80% z-value 0.5 Statistically not significant
No 128 51.20% P value 0.5915
2 Feeling of dry nose Yes 75 30.00% z-value 8.9 Statistically significant
No 175 70.00% P value < 0.001
3 Feeling of hot or burning nose Yes 65 26.10% z-value 10.5 Statistically significant
No 184 73.90% P value < 0.001
Table 2 Stating statistical analysis of skin symptoms
Frequency  Percent
4 Feeling that your nose is irritated/itchy Yes 130 52.00%  z-value 0.5 Statistically not significant
No 120 48.00% P value  0.58
5 Noticed any acne (pimples) on the face Yes 140 56.00%  z-value 2.7 Statistically significant
No 110 44.00% P value < 0.001
6 Noticed any skin rashes/redness on the face Yes 97 39.00%  z-value 8.5 Statistically significant
No 152 61.00% P value < 0.001
7 Experienced excessive sweating around the mouth ~ Yes 169 67.60%  z-value 8 Statistically significant
No 81 32.40% P value < 0.001
Table 3 Stating statistical analysis of pressure symptoms
Frequency Percent
8 Experienced pain behind the ear Yes 113 45.20% z-value 1.8 Statistically
No 137 54.80% P value < 0.001 significant
9 Pain in the nose Yes 75 30.00% z-value 8.9 Statistically
No 175 70.00% P value <0.001 significant
Table 4 Showing statistical analysis of supplementary complaints
Frequency Percent
10 Experienced dry mouth Yes 88 35.30% z-value 6.7 Statistically significant
No 161 64.70% P value < 0.001
11 Experienced halitosis (bad breath) Yes 56 22.40% z-value 12.5 Statistically significant
No 194 77.60% P value 0
12 Experienced sore throat Yes 63 25.20% z-value 11.2 Statistically significant
No 187 74.80% P value < 0.001
13 Experienced trouble breathing on exertion Yes 145 58.20% z-value 3.6 Statistically significant
No 104 41.80% P value < 0.001
14 Experienced dry eyes Yes 39 15.60% z-value 15.7 Statistically significant
No 211 84.40% P value < 0.001
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Table 5 Stating unusual nasal complaints

Frequency Percent
15 Feeling that skin inside your nose is cracking Yes 24 9.60% z-value 18.1 Statistically significant
No 226 90.40% P value < 0.001
16 Crusting in the nose Yes 39 15.70% z-value 15.7 Statistically significant
No 210 84.30% P value < 0.001
17 Noticed blood on tissue paper Yes 4 1.60% z-value 21.5 Statistically significant
No 246 98.40% P value < 0.001
Table 6 Showing statistical analysis of nasal complaints
Frequency Percent
18 Noticed an altered sense of smell Yes 18 7.20% z-value 18.8 Statistically significant
No 232 92.80% P value < 0.001
19 Nasal congestion or stuffiness Yes 76 30.40% z-value 9.4 Statistically significant
No 174 69.60% P value < 0.001
20 Experienced any Nasal blockage or obstruction Yes 57 22.90% z-value 12.1 Statistically significant
No 192 77.10% P value < 0.001

25.843 (Age range 20-48). Of these 250 participants,
48.8% experienced generalised nasal discomfort, 30.3%
dry nose, 26.1% burning sensation in the nose, about 52.0%
developed itchy nose, 56.0% acne in the face, 39.0%
experienced redness on the face and 67.6% developed
excessive sweating around the mouth (Tables 1, 2). These
symptoms were mainly caused due to the hot and humid air
in the dead space beneath the mask in comparison to the
ambient temperature. About 30.0% developed pain on the
nose and 45.2% had pain behind the ear which are possibly
due to the tight fitting masks (Table 3). In Table 4, about
58.2% of the participants developed trouble breathing on
exertion while wearing masks which is probably due to the
tight mask causing hypercapnic hypoxic environment
leading to numerous physiological alterations such as car-
dio-respiratory stress and metabolic shift. The rest of the
symptoms in Table 4 such as dry mouth sensation
accounting to 35.3%, halitosis about 22.4%, sore throat
attributing to 25.2% are likely due to inadequate con-
sumption of water during prolonged usage of facemask. A
small proportion of healthcare workers were observed with
the symptoms of altered smell (7.2%), sense of nasal
stuffiness (30.4%), nasal block (22.9%), cracking sensation
(9.6%), crusting in the nose (15.7%) and blood on tissue
paper (1.6%) (Tables 5, 6). Despite our study’s strength,
including comprehensive search strategy for data and lit-
erature a thorough assessment should be done to improve
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the quality of evidence by using validated tools.After
performing a z-proportion test we found all the complaints
except those of Q1 and Q3, statistically significant beyond
the usual alpha-level of 0.05. Figure 1 shows the percent-
age of symptoms in the participants.

Discussion

In this study, among the 250 participants the outcome
suggests that continuous usage of facemasks can lead to a
wide spectrum of nasal discomfort and complaints per-
taining to the facial skin and oral cavity due to its pro-
longed usage.There is a decrease in humidification of air
beneath the facemask and decrease in transpiration of the
skin around the nasal and perioral region. In this current
study, we found that 48.8% of the participants had gener-
alised nasal discomfort on wearing the facemask for a
prolonged period of time.

Facemasks protect against harmful microorganisms and
its utilisation is essential during the pandemic. Facemasks
prevent transpiration, increase perspiration and temperature
in perioral region which could possibly be due to decreased
transpiration.

Wearing the facemask for a prolonged period causes
reduced heat loss from the body by various mechanisms
such as conduction, convection, evaporation and radiation
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Fig. 1 Shows percentage of
symptoms manifested in the
participants on prolonged usage
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[8]. The difference in temperature around the outer surface
of the respirator and the environment there is a relative
increase in warmth and dampness of the expired air causing
the condensation of moisture on the respirator. This phe-
nomenon impairs respiratory heat loss thereby increasing
the heat burden. Facemasks prevent normal transpiration
and the dead space underneath the facemasks is filled with
hot, humid expired air respiratory cycle. Since facemasks
cover both nose and mouth it results in decrease in cooling
impact of the facial temperature. DuBois et al. stated that
skin temperature > 34.5 degree Celsius is not accept-
able due to the increased thermal sensation and results in
significant discomfort to the wearers [9].

Certain articles have stated a high temperature in the
cheek underneath N95 facemasks [10]. In the current study,
we found about 67.6% of healthcare workers have devel-
oped excessive sweating around the mouth. As a result of
the discomfort caused by the facemasks the subjects tend to
touch the facemasks at frequent intervals and it can lead to
contamination of the hands leading to more disseminated
infections.

Simulated nasal breathing while performing moderate
exercise in a comfortable surrounding showed that condi-
tioning capacity of air decreased to 11% due to brief
existence of inspired air in the nose. When the effort
increases, the air conditioning capacity significantly
decreases [11]. Another study stated that temperature and
the quantity of water delivered by expired air is notably
higher with mouth breathing in comparsion with nasal
breathing. Therefore the net respiratory heat loss is higher
with oro-nasal breathing than nasal breathing during
exercise [12]. In our study also we assessed that about
58.2% of the participants had trouble breathing on exertion
with the facemasks on.

There has been an increased incidence of skin conditions
in healthcare workers due to the extended use of face-
masks. Contact dermatitis, contact urticaria occurs due to
adhesives, rubber in straps, free formaldehyde released
from the non-woven polypropylene and from metal in clips
[13]. Foo et al., analysed healthcare workers during the
SARS pandemic in 2003 at Singapore, and reported that
51.4% experienced itch induced by face masks [14]. In an
experimental study by Roberge et al., of a group of 20
healthy people wearing surgical masks during continuous
walking on a treadmill at a low-—moderate work rate
(5.6 km/h) for 1 h, facial itch occurred in 7% of partici-
pants, and an additional 11% experienced skin irritation
[7]. In the current study we found that about 52.0% of the
participants have developed itch in the nose or irritation in
the nose.

Zuo et al., [15] showed that pre-existing acne, rosacea
and seborrheic dermatitis were exacerbated by using face
masks. This is in accordance with the opinion expressed by
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a group of Chinese experts [16].In the current study, about
56.0% of the participants developed acne and about 39.0%
of the participants developed redness on the face. Around
30.0% of the participants developed pain in the nose and
45.2% proportion of the participants developed pain behind
the ear due to elastic straps of the face masks.35.3% of the
participants developed dry mouth and 22.4% had devel-
oped halitosis due to the prolonged usage of the facemask.

In this study,we also found that about 30.4% of the
participants had the sense of nasal stuffiness,30.0% of
participants had the sense of dry nose,26.1% developed the
feeling of hot burning sensation in the nose and about
22.9% of the participants have actually developed nasal
obstruction following prolonged usage of facemask.

The study with 250 healthcare workers is adequate
enough for the technical hypothesis but insufficient for
evaluation of multifactorial effects. If we had involved
people with cardiac, pulmonary co-morbidities in the
study, it would result in a significant change in the results
of the study.

Conclusion

In conclusion, the use of facemask plays a pivotal role in
causing significant discomfort in all the participants during
its prolonged usage which can limit the efficient usage of
facemask, leading to decreased protection. Since face-
masks are essential to protect us from COVID-19, certain
strategies can be followed to reduce the heat burden due to
its prolonged usage such as encouraging nasal breathing,
pre-use refrigeration of the respirator.
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