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Abstract

:

Orders to cover the mouth and nose were introduced as a prophylaxis for COVID-19. The use of face masks, apart from their benefits, has some side effects. It can affect, among other things, the oral cavity mucosa, manifested by its dryness, and can increase the amount of inflammatory markers, for example, nitric oxide (NO). The aim of this research was to determine changes in the oral cavity mucosal surface under the influence of the use of protective face masks based on an innovative measurement of NO levels in the exhaled air of healthcare workers. The people taking part in this study were dental assistants and recorders who used masks during work. The first measurement of NO was carried out before starting work and putting on a mask, and the second measurement was carried out after work. Based on the research, a statistically significant difference was shown in the NO values before putting on a mask and immediately after removing it. Despite the advantages of wearing protective masks, studies have shown that their long-term use has an impact on the oral cavity mucosa, which is reflected in the higher level of NO in exhaled air.
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1. Introduction


The outbreak of the epidemic caused by SARS-CoV-2 (Severe Acute Respiratory Syndrome Coronavirus 2), causing an acute syndrome of pneumonia, prompted researchers from many countries to undertake intensive research into the diagnosis, pathogenesis, and transmission routes of this virus. SARS-CoV-2 is a highly infectious single-stranded RNA coronavirus and has the largest genome of any RNA virus [1,2,3,4]. Coronaviruses cause common respiratory, digestive, and nervous system diseases. The severity of the disease itself or its complications often threatens human health as a result of mild infections in the upper or lower respiratory tract. People have no immunity to such viruses. Subsequently, these mutations can quickly cause another disease outbreak and, consequently, a pandemic [5,6,7,8].



The disease caused by SARS-CoV-2, called COVID-19, is transmitted by airborne droplets, through the respiratory tract, through direct contact, and possibly via the fecal–oral route. Most often, however, the virus is transmitted by airborne droplets when an person who has been infected coughs or sneezes, as does the spread of the flu and other respiratory pathogens. These droplets can end up on the mucosa of the mouth, nose, and eyes of people nearby, or they can be inhaled. It is also possible to become infected with COVID-19 by touching a surface or object containing the virus and then transferring it to the mucosa of your mouth, nose, or eyes [9,10,11,12,13]. There is a big spectrum of clinical symptoms in the course of a COVID-19 infection. According to epidemiologists, frequent hand washing, social distancing, and wearing masks are three basic behaviors that effectively contribute to reducing transmissions of the coronavirus in society. The best way to prevent the disease is to limit exposure to infectious agents. Orders to cover the mouth and nose in public spaces were introduced as one of the preventive measures for limiting the spread of the SARS-CoV-2 virus. Face masks that protect the face are considered personal protective equipment (PPE); turned out to be the most popular tool for protection against infections; and can also be used for source control, which refers to blocking droplets ejected by the wearer [14]. However, the effectiveness of wearing face masks for preventing respiratory infections during epidemics has often been questioned. At the time when the COVID-19 pandemic started to pose a global threat, the World Health Organization (WHO) did not recommend wearing face masks for healthy people in the community as a method of preventing infections [15]. However, as the pandemic progressed, more and more agencies and governments recommended the use of masks in public spaces [16].



To be effective, face masks must cover both the nose and mouth and should fit as close to the face as possible [17]. Avoiding touching the outer surface of the mask, and washing or disinfecting your hands after each accidental touch were also recommended. Under no circumstances should wet masks be used; they should then be replaced with new ones. After removal, disposable masks should be treated as contaminated material and disposed of immediately, and then hands should be washed or disinfected [18,19]. Protective masks are classified according to the degree of filtering and shape. For protection of the respiratory tract, in accordance with the PN-EN 149 standard, half-masks can be distinguished by three classes: FFP1 (the lowest level of protection), FFP2 (medium efficiency), and FFP3 (high efficiency). They differ by the limit of maximum internal leakage (i.e., leaks resulting from incomplete adhesion of the mask to the skin and the passage of air through the exhalation valve). Except for surgical masks and several types of half-masks, material masks fulfill their protective and antiviral functions. The most popular are cotton masks that you can buy or make yourself [1].



However, the use of conventional face masks, apart from their obvious benefits, has some side effects. These side effects result from possible pressure on the face; limited communication possibilities; microclimate parameters under the mask; and above all, the need to overcome additional resistance during the inhalation because the exhaled air first fills the inside of the mask and then escapes to the environment through the coatings of the mask or the exhalation valve. Moreover, it can damage the natural skin barrier and induce new reactions or exacerbate preexisting skin problems such as acne, rosacea, seborrheic or atopic dermatitis, and skin surface dryness [20,21]. As a consequence of all these factors, face masks may have a negative impact on the oral cavity mucosal surface. The presence of mask coatings makes patients breathe not through the nose but through the mouth. This way of breathing changes the surface of the mucosa in the oral cavity, which becomes excessively dry. The dryness could contribute to most of the problems that arise with the hard tissues of the teeth and oral mucosa. A proper level of moisture in the mouth and on the surface of the gingiva is extremely important. Saliva is a natural way to remove food remnants from their surface. In addition, it neutralizes the effects of acids, supports the remineralization of enamel, and restores the correct pH [22]. The inflammation process may develop both on the skin surface and within the oral mucosal surface. Inflammatory clinical and histopathological symptoms are connected to an increase in inflammatory markers, and one of them is NO. In a diagnosis of general diseases, tests with NO levels are commonly used, but determining the concentration of NO is still rare. The interest in the concentration of NO in exhaled air is growing, and there are more and more reports on its role in the diagnosis and monitoring of inflammation [23].



NO is produced by nitric oxide synthase (NOS) as a result of the oxidation of L-arginine to L-citrulline and NO [24]. NO is a molecule that participates in pathological and physiological reactions. The function of NO depends on its concentration, site of production, and relationships with other molecules [25]. NO can react with oxygen to produce the NO2 radical, which consequently produces nitrites. In the subsequent reactions, the hydroxyl radical and nitrogen dioxide are formed [26]. NO is synthesized in the body by three forms of nitric oxide synthase (NOS): two constitutive—neuronal (nNOS—NOS I) and endothelial (eNOS—NOS III), stimulated by calmodulin—and one induced (iNOS—NOS II), stimulated by cytokines and lipopolysaccharides. NO deficiency occurs in many diseases. Septic shock is a completely different state of affairs. The iNOS is then overexpressed, which is not beneficial for the body. In such states, NO has a toxic effect at the cellular level, leading to organ damage [27,28,29,30].



There are several methods of measuring NO in exhaled air, e.g., colorimetry, chemiluminescence, fluorescence, electrochemical detection, chromatography, electron spin resonance spectroscopy (ESR), and magnetic resonance imaging (MRI). Portable measuring devices use chemiluminescence, electrochemical, and laser methods (Figure 1). Exhaled NO is a precise index of inflammation, responsive to healing, or deterioration of the illness. According to the literature, an increased NO concentration is very well related to other inflammation markers; therefore, it is reasonable to measure NO levels to monitor the effects of wearing masks in the COVID-19 era [31,32].



The oral cavity mucosal surface undergoes modifications, especially dryness of its surface under the influence of various external and internal factors. One of the extracorporeal factors is the use of face masks by medical professionals. Healthcare workers wear face masks during their working hours, during the COVID-19 pandemic, and also after work. The COVID-19 pandemic increased the need for research into this topic. There is a great need to expand the literature on this disease and on its symptoms, treatment, prevention, and side effects. Our own observations and the sparse literature on this topic encouraged the authors to conduct this study.




2. Aim of the Study


The aim of the research was to conduct a pilot study on state changes in the oral cavity mucosal surface under the influence of wearing protective face masks and to check if the NO concentration changes using an innovative measurement of NO level in the exhaled air of healthcare workers.




3. Materials and Methods


3.1. Clinical Materials and Methods


This study included one group of 49 healthcare workers, in the age range 31–57, who were working in medical practices. Participants qualified for the study by filling out a questionnaire asking about general health and by undergoing a standard dental examination conducted by a dental practitioner. Healthy people who did not take any drugs permanently, were vaccinated against COVID-19 but had a negative history of developing COVID-19, did not smoke, did not have signs of oral inflammation, and did not use any prosthetic restorations were enrolled in the study. Oral hygiene was evaluated also with a standard dental examination. In the case of poor hygiene, participants were eliminated from the research. The people who participated in the study were dental assistants, nurses, and workers of registration at the dentist’s office who, due to the guidelines in the COVID-19 era, used the same brand of FFP2 masks during an 8-hour work day. The use of a mask was interrupted for two short breaks, including one for lunch for all the participants. All participants signed informed consent and agreed to participate in the study. The NO concentration in exhaled air was determined twice. The first NO determination was carried out in the morning on an empty stomach before applying the mask and served as a control measurement. The second measurement was carried out after 8 hours of work, after removing the mask (at least 1.5 hours after the last meal). The NO concentration was tested with the Vivatmo pro (Bosch, Waiblingen, Germany). The procedure to obtain the measurements is easy to employ, and the test results were received immediately. The device had a special strainer that removes the NO in the atmosphere. Each measurement was checked according to the isoline level to ensure correct and repeatable measurements. The patient was handed a single-use mouthpiece for the procedure [33]. The device does not use any difficult calibration processes or expensive overviews. The data could be managed directly through a touch screen. The results were provided in parts per billion (ppb; the number of NO particles in one billion gas particles, i.e., 1 ppb is equal to 1 nL/L) [31].



The study’s limitations were the inclusion of patients in this research. Only healthy participants with no pathologies in their oral cavities qualified for this study. In this research, a comparison had to be made only between healthy people because any general diseases or any pathology in the oral cavity could affect the levels of NO in exhaled air. Changes in NO concentration had to be checked only under the influence of wearing protective face masks [31].




3.2. Statistical Analysis


In the statistical analysis performed, the results of NO measurements obtained for forty-nine people before and immediately after the FFP2 mask was put on were considered. Therefore, two dependent samples with the N = 49 each were available. The non-parametric Wilcoxon test was used to test the equality of distributions (null hypothesis). The alternative hypothesis, on the other hand, contradicts the null hypothesis. The level of significance in the studies was 0.05. The basic measures of descriptive statistics were also calculated (Table 1.).





4. Results


In the clinical study conducted, the level of NO in exhaled air was determined in healthcare workers. The measurement carried out twice showed an increase in NO levels in exhaled air after eight hours of using a mask. The mean level of NO in exhaled air before using the mask was 14.5 ppb. The level of NO in exhaled air after eight hours of wearing a mask was 16.5 ppb (Table 1). Table 2 shows the results of the Wilcoxon test for two paired trials. The number N changed. It decreased (N = 42) compared to the initial N = 49 because, for 7 people, the level of NO was the same before putting on the mask and immediately after removing it. The p-value obtained, 0.000422 (Table 2), is less than the significance level of 0.05, which allows for a rejection of the null hypothesis at the level of significance adopted and for the conclusion that there is a statistically significant difference in the condition of the oral cavity according to the distribution of NO values before putting on the mask and immediately after removing it (Figure 2). Both the arithmetic mean value and the median value are higher for the second exhaled NO measurement. Additionally, the minimum and maximum values are larger in the case of the second measurement. Meanwhile, standard deviations (SD) have similar values. Based on the statistical analysis, it can be concluded that eight-hour use of a mask statistically significantly changes the oral cavity environment, which is confirmed in the increase in the NO level. Besides conducting the NO concentration statistical analysis, the patients’ subjective opinions were taken after 8 hours of wearing face masks. Of the 49 patients, 38 (77.6% of all participants) reported a subjective feeling of dry mouth after long-term use of protective face masks.




5. Discussion


The use of a face mask, in addition to social distancing and disinfecting regularly, is the most important element in the prophylaxis of the SARS-CoV-2 virus. By using masks in a public space, the people who use the mask and those in their immediate vicinity are protected. However, while protecting one’s health is undoubtedly very necessary, wearing a mask for several hours a day can decrease a person’s quality of life and can lead to adverse effects on the skin of the face and oral mucosa [34].



Elisheva Rosner et al. conducted research on the side effects of long-term mask use among healthcare workers during COVID-19. Prolonged use of N95 and surgical masks by healthcare workers during COVID-19 caused headaches, rashes, acne, and skin problems [35]. Chris C. I. Foo et al. conducted research about pathological skin reactions to PPE against acute respiratory syndrome. The use of PPE relates to high rates of pathological skin reactions [36]. Kaihui Hu et al. investigated abnormal skin manifestations in healthcare workers using PPE for COVID-19. The most common adverse effects of using masks included symptoms such as itching and rash [37]. Teresa Makowiec-Dąbrowska et al. composed a review of the literature about the physiological cost of wearing protective masks. She described different physiological reactions depending on the type of mask and the impact of air composition, temperature, and humidity under the mask. An analysis of the studies presented showed that masks—regardless of their type—can cause more frequent negative bodily reactions, causing both physical and mental discomfort. Wearing masks can also cause more frequent headaches, symptoms of fatigue, or feelings of discomfort [38]. Jonathan J.Y. Ong et al. determined the risk factors associated with PPE headaches and COVID-19, and their influence on personal health and work. Their study was conducted among healthcare workers in hospitals during COVID-19. All participants filled out a questionnaire. Most healthcare workers developed headaches or experienced aggravation in their pre-existing headache disorders after the use of a new PPE [39]. Y. Li et al. investigated the side effects of using N95 and surgical facemasks on heart rate, thermal stress, and subjective sensations. The respondents had lower average heart rates while using nano-treated and untreated facemasks in comparison to using nano-treated and untreated N95 facemasks. The microclimate and skin temperatures inside the facemasks were significantly lower than those in N95 facemasks. Surgical facemasks were worse for a sense of humidity, heat, breath resistance, and general discomfort [40]. Philipp Kanzow et al. analyzed the disadvantages of using face masks for dry mouth and halitosis. The authors prepared a questionnaire for adult patients and hospital staff about the duration of daily use for different face masks (community masks, surgical/medical masks, and KN95/N95/FFP2 masks) and the sense of dry mouth and halitosis. The results revealed that wearing face masks increased the symptoms of dry mouth and halitosis [41]. Kai Kisielinski et al. conducted research on the negative side effects of wearing face masks. The aim of their study was researching adverse effects related to using masks. Their review of the literature reveals that both people who are healthy and sick can suffer from changes and symptoms, such as an increase in breathing dead space volume, an increase in breathing resistance, a decrease in blood oxygen saturation, an increase in blood pressure, a decrease in cardiopulmonary capacity, an increase in respiratory rate, and many skin complications [42,43,44,45].



The lack of literature reports on research on the NO level in exhaled air in patients wearing protective masks makes it difficult for the authors to discuss this matter. The literature reports an increase in the number of patients with the problem of so-called mask mouth due to the pandemic, that is, various types of ailments within the oral cavity environment resulting from long-term use of protective masks [46]. First, there is an increased risk of caries, gingivitis, oral mucosa, and bad breath. According to many authors, this type of problem may now occur in every second patient who goes for a routine visit to a dental office [47]. Due to the presence of the mask, people who wear it have a natural tendency to breathe through the mouth. Then, dry mouth increases, which in turn promotes changes in the bacterial flora and the multiplication of pathogens responsible for, e.g., diseases of the teeth or gums. If the mouth is dry for too long, it also promotes gingivitis, which is one of the factors that predispose patients to periodontopathy. Long-term and improper use of a mask can also result in bad breath due to excessive amounts of bacteria in the mouth. Bad breath is mainly caused by anaerobic bacteria, which produce volatile sulfur compounds (VSC), for example, methyl mercaptan, hydrogen sulfide, or methyl sulfide. The specific smell appears after many hours of wearing the mask when the mouth begins to dry out. Changing eating habits related to the epidemic also does not help. When spending time at home, patients are more likely to have so-called guilty pleasures or snacks rich in simple sugars. This serves as a haven for bacteria responsible for bad breath and caries [48,49,50,51]. Physicians recently found that a new type of irritant, rhinitis, is connected to N95 mask use. Endoscopic examination and nasal irrigations on mask wearers were performed and revealed pathologies. Clinical problems have been reported in questionnaires. They found proof of mask-induced rhinitis, itching, and swelling of the mucous membranes. Endoscopic examination presented an increased secretion and evidence of inhaled mask polypropylene fibers [52].



The use of NO levels in exhaled air as a diagnostic marker has not been the subject of research in the field of dentistry so far. The literature reports increased NO concentrations in saliva, gingival pocket fluid, inflamed mucosa, and lesion tissue. Vanessa G.S. Reher et al. reported the increased presence of NO in saliva in patients with exacerbated chronic periodontitis. The NO concentration and the relationship between patients suffering from exacerbated chronic periodontitis and non-inflammatory persons were determined. The measurement of NO level in saliva was investigated with the Griess reaction. The Griess solution reacts with saliva; when NO is present in saliva, the mixture turns purple. The authors revealed in this study that the level of NO in saliva increases with an exacerbation of periodontitis. NO levels were lower in non-inflammatory subjects [53].



The increase in NO synthesis in cases of inflammation of the periodontal tissues was also demonstrated by AC. Batista et al. The researchers took samples of the mucosa with chronic periodontitis. The concentration of NO was statistically significantly higher in participants suffering inflammation [54]. Masaru Ohashi et al. conducted a study that recorded the level of NO in patients suffering from oral lichen planus (OLP) and recurrent aphthous ulceration (RAU). They revealed that OLP and RAU increased the NO level in the exhaled air. [55]. Similar to OLP or RAU, Behcet’s syndrome was studied by Mukadder Kocak et al. The authors presented a significantly higher level of NO in patients suffering from Behcet’s syndrome [56]. The research conducted showed that, among healthy patients, a large influx in the presence of the carious process, periodontitis, and the lack of oral hygiene increased the level of NO in exhaled air [57]. Such a relationship has also been demonstrated among generally healthy edentulous patients. The hygiene status of the prostheses and the mucosa of the prosthetic substrate significantly influenced the determination of the inflammation marker in air. Teeth with decay most significantly increased the level of NO in exhaled air. In the case of generally healthy patients with proper hygiene, the level of NO concentration was relatively low [57]. Wyszyńska et al. described a case of significantly elevated NO levels in a patient with advanced periimplantitis. After the elimination of inflammatory foci in the oral cavity and treatment, the level of NO in exhaled air became lower and a healthy oral cavity environment was gained [58]. The latest evidence-based reviews help to picture NO physiology and its participation in many important processes in the human body. In many physiological processes, NO plays an important part in human anatomical systems, and the level of NO increases in cases where inflammation is present [59].




6. Conclusions


Despite the overwhelming advantages of wearing protective face masks, studies have shown that their long-term use has an impact on the oral cavity mucosa, causing so-called mask mouth. Wearing a mask makes patients breathe through their mouth and consequently changes the surface of the mucosa in the oral cavity, which becomes excessively dry. The dryness is responsible for most of the problems that arise with the hard tissues of the teeth and oral mucosa, which was confirmed by high levels of the inflammatory marker NO in exhaled air.
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Figure 1. Methods of NO indication in exhaled air: (A) electrochemistry, (B) chemiluminescence, and (C) laser technology. 






Figure 1. Methods of NO indication in exhaled air: (A) electrochemistry, (B) chemiluminescence, and (C) laser technology.



[image: Coatings 12 01164 g001]







[image: Coatings 12 01164 g002 550] 





Figure 2. Statistically significant difference in the distributions of NO values before putting on the mask and immediately after removing it. 
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Table 1. Basic measures of descriptive statistics.
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	N
	Arithmetic Average
	Median
	Minimum
	Maximum
	Standard Deviation





	First measurement of exhaled NO *
	49
	14.5
	14.0
	7.0
	38.0
	5.8



	Second measurement of exhaled NO **
	49
	16.5
	16.0
	8.0
	41.0
	5.3







* Level of NO in exhaled air before using the mask for 8 h. ** Level of NO in exhaled air after using the mask for 8 h.
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Table 2. Wilcoxon test results for two paired samples.
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	N
	p-Value





	Difference between first and second measurements of exhaled NO
	42
	0.000422
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