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With the advent of the coronavirus disease 2019 (COVID-19) pandemic, the risk of dental professional's infection increases exponentially due to aerosol-generating procedures. The protective performance of dental professional gown fabrics is a major challenge against microorganisms and aerosols. Globally, health care workers wear gowns manufactured with non-woven fabrics. However, these professionals may have a false greater sense of protection based on the greater weight of the gown's fabric. This study evaluated whether aerosol generated by dental procedures has the potential to pass through three different non-woven weights (40, 60, and 80 g/m2). Single and folded formats of each weight were analyzed. The positions of the mannequin and the high-speed handpiece were standardized. The non-woven samples were placed over a sheet of sulfite paper and fixed on a marked position of a standardized smooth surface, 10 cm away from the end of the mannequin's head, simulating the dental professional body. For better visualization, the water used in the equipment was tinted with water-soluble red artificial dye. Blind to the nature of the groups, one researcher started the 5 uninterrupted min of aerosol production. The sheets were randomized coded, so that the samples could not be identified by the evaluator. Another researcher, blind to the tests, scanned all sheets and the images were analyzed by ImageJ software. The groups showed significant differences (p < 0.01). Except for the folded 80 g/m2, all groups presented pigmented mean areas ranging from 16.18% (60 g/m2 folded) to 35.68% (40 g/m2 single), suggesting that the one-layer non-woven samples were not effective as barriers for 5 uninterrupted min of aerosol spray. Dental procedures exceeding the studied time may provide different results with the non-woven 80 g/m2 folded. Dental health workers, who are exposed daily to aerosol-generating procedures, should be aware of the exact specification and performance of the fabrics used in the manufacturing of their disposable garments. If the use of an impermeable surgical gown is not possible during aerosol-generating procedures, a plastic garment associated with a disposable gown should be worn, as recommended by the World Health Organization.
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INTRODUCTION

The coronavirus [severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)] has been showing a high risk of contamination among health care professionals (1). A recent clinical study demonstrated that 29% of 138 hospitalized patients with coronavirus disease 2019 (COVID-19)-infected pneumonia in Wuhan, China, were health care workers (2). The risk of exposure to SARS-CoV-2 is not limited to medical professionals who work in hospitals but also to dental professionals who work in dental schools and private practices. The transmission of SARS-CoV-2 occurs by contact, droplets, and airborne routes (3). Evidence suggests that human-to-human transmission may be occurring during the asymptomatic incubation period, which can be up to 10 days (4). The presence of viral loads in the lower and upper respiratory tract (5), associated with the persistence of viable virus in aerosol for 3 h in the air and until 72 h on surfaces, evidences the risk of contamination of dental workers (6).

The use of infection control universal precautions by dental professionals has been based on the assumption of infectious blood-borne viruses, such as hepatitis B virus, hepatitis C virus, and HIV (7). With the advent of the COVID-19 pandemic, the risk of dental professional's infection increases exponentially due to the amount of procedures that aerosolize the saliva during clinical care (7). Dental high-speed handpieces, ultrasonic scalers, and all instruments that use water sprays and compressed air produce airborne particles. Besides that, dental professionals cannot follow the recommendations of the distance between 1 and 2 m from the patient during dental procedures (8). For these reasons, it is essential for dental professionals to improve strategies to prevent exposure to the COVID-19 virus (9).

The World Health Organization (WHO) reported a guideline for infection prevention of health care workers. The principal recommendation was the use of personal protective equipment (PPE). The long-sleeved disposable gown is one of the PPEs recommended to protect the professional in contact with the patient, especially for aerosol-generating procedures (10, 11). Non-woven fabrics have been used to manufacture medical and dental disposable gowns. This material is made by forming fibrous webs directly from fibers or polymer granules. Materials used in surgical gowns should function as protective barriers against the transfer of microorganisms, particulates, and aqueous fluids to minimize the risk of personnel contamination (12). However, many sellers and most of the users of these protective gowns are not aware of the exact specification and performance requirement of the fabrics used for health workers' garments. In dental practice, the fabric used in the manufacturing of the professional gowns should not only avoid the penetration of microorganisms but also avoid exposure of dental professionals to aerosols containing saliva and blood.

Regarding the lack of literature about the efficiency of the protective non-woven capacity of preventing the penetration of aqueous fluid and aiming to answer the question if non-woven fabrics are safe for use as dental professional gowns, this preclinical blind study aimed to evaluate whether the aerosols and droplets generated by handpieces during dental procedures have the potential to pass through three different non-woven weights.



MATERIALS AND METHODS


Study Design

This preclinical double-blind study compared three different weights of non-woven fabric. Polypropylene fibers were used in the composition of all non-woven samples tested in our study. The three weights were tested in single and folded formats, totaling six groups. All groups were exposed to 5 min of aerosol-generating procedures (Table 1).


Table 1. Characteristics of the test groups.
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Test Procedures

The aerosol generated by a dental high-speed handpiece followed the recommendation of a water flow > 30 ml/min for optimal cooling of a #3216 diamond drill (KG Sorensen, Cotia, SP, Brazil), simulating the preparation of a full crown of an upper central incisor on a mannequin attached to a dental chair (7). For better visualization, the water used in the equipment was tinted with water-soluble red artificial dye (Tempemar Comercial de Alimentos LTDA) in the proportion of 10 m/L.

In order to standardize the procedures, the test position was calculated considering the mean of five dental professional heights and their distance from the patient, on a 12-h working position, respecting the principles of ergonomics. Figure 1 shows an example of a 12-h working position. The mannequin was positioned 70 cm from the ground, the samples were placed 10 cm away from the end of the mannequin's head, over a smooth surface, which simulated the dental professional body, and the handpiece was affixed to a stand, aiming to reproduce the same position in all tests. Prior to the tests, the procedure was performed once in order to visualize where the greatest aerosol flow would reach the smooth surface in order to place all samples in the same marked position (EB and EV). Each non-woven sample referring to each group was coded and placed over a sheet of sulfite paper and fixed on the marked position (LS). Blind to the nature of the groups, another researcher (GS), started the 5 uninterrupted min of aerosol production (Figure 2). The same researcher carefully removed the paper sheet and hanged to dry for 48 h. Another researcher (VF), blind to the test, scanned all sheets of paper in 300 DPI (Epson L375–Epson do Brazil LTDA, Barueri, SP, Brazil). However, prior to the analysis, to set up a reference, blank pieces of paper (n = 10) were analyzed by ImageJ v1.53a (Wayne Rasband, National Institutes of Health, USA). Each acquired image was transformed to a 16-bit file, and the auto-threshold reached a mean limit of 230 sensitivity level. All sheets were then analyzed using the same sensitivity level. The pigmented areas (different from white) were measured using the “particles analysis tool.” All obtained measurements were recorded and sent to an SPSS datasheet for statistical analysis. The values of the measured area were compared using Kruskal–Wallis test (SPSS Version 22.0, IBM Corp., Armonk, NY).


[image: Figure 1]
FIGURE 1. Dental professional in a 12-h working position.



[image: Figure 2]
FIGURE 2. Standardized positions of the mannequin, high-speed handpiece, and the sample. Note the aerosols and particles toward the non-woven fabric.





RESULTS

Table 2 shows the mean areas and standard deviations of each group. The groups showed significant differences (Kruskal–Wallis; p < 0.01). Group 6 presented a constant of no pigmented areas, unlike all the other evaluated groups. Except for group 6, all groups presented pigmented areas suggesting that the one-layer non-woven samples were not effective as barriers for 5 uninterrupted min of aerosol production. Dental procedures exceeding the studied time may provide different results with the non-woven 80 g/m2 folded. Figure 3 shows the distribution of pigmented areas. Note that group 6 is the only one that did not present a pigmented area, constituting a barrier against aerosol contamination for a period of 5 min. Figure 4 shows an extreme example of pigmentation after natural drying.


Table 2. Means of the pigmented areas evaluated in each group.
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FIGURE 3. Boxplot showing the confidence limits and means of the sample areas evaluated for each group.



[image: Figure 4]
FIGURE 4. Pigmented area (sample of group 1–40 g/m2 single).




DISCUSSION

This preclinical double-blind study aimed to evaluate whether the aerosols and droplets generated by a high-speed handpiece during a simulation of a dental procedure had the potential to pass through different weights of one-layer non-woven fabrics. Our results showed that except for group 6 (80 g/m2 folded), all groups presented pigmented areas ranging from 16.18 to 35.68%, suggesting that the one-layer non-woven samples were not effective barriers for 5 uninterrupted min of aerosol-generating dental procedures. The protective performance of surgical gown fabrics is a major challenge against microorganisms and aqueous fluids (13). Unfortunately, most of the users of these protective clothing are not aware of the exact specifications and performance requirements of the fabrics used for their protection. Despite the weights of 60 g/m2 (single or folded) and 80 g/m2 (single) may bring the idea of safe protections, our results showed they are non-impermeable, showing to be inefficient as a safe barrier. Although group 6 (80 g/m2 folded) did not show aerosol penetration, it is good to emphasize that 5 min seems to be a minimum working time to prepare one full crown. We recommend longer exposure time tests, simulating other dental procedures that require longer execution times. In addition, the sensibility used in the ImageJ test was 230. A higher sensibility test may present different results.

There is a significant research gap regarding the epidemiology of acute respiratory infection transmission from patients to health care workers during aerosol-generating procedures. This gap is compounded by a lack of precision in the literature with regard to the definition of aerosol-generating procedures (10). Aerosols were defined as particles <50 μm in diameter, and the smaller particles (0.5–10 μm in diameter) have the potential to penetrate the lungs and transmit infections (14). There are potential sources of aerosols and air-borne contamination during dental treatment, such as the use of high-speed handpieces and ultrasonic scalers containing aerosolized saliva and blood and patient respiratory source. It should be emphasized that these contaminated aerosols are not well visible to patients and dental personnel (7). In addition, the tests used to evaluate liquid penetration by impact or spray include the AATCC TM42 and NWSP 80.3. These tests aim to provide materials' certification so that the fabrics can be commercialized. However, the time used for exposure to the liquid (<5 s) by impact or spray in those tests does not simulate the dentist's exposure to aerosols during operatory procedures. In the present study, which did not aim to certificate the investigated products, but to inform the dental workers about the product they are possibly purchasing as PPE, the visual method was chosen to test the samples' wettability. By tinting the water with a red dye, a better visualization of the area (cm2) passing through the non-woven fabric was possible.

Economic advantage has driven the rapid development of non-woven fabrics. There is a large body of literature available for more in-depth discussions of the general non-woven processes and products (15–18), but basically, they should be barrier resistant as well as comfortable to wear. Dental non-woven gowns should resist the penetration of liquids and, at the same time, be sterile, breathable, flexible, and inexpensive (19). In the present study, all samples of different Spunbond weights, single or folded, showed water penetration, with the exception of the 80 g/m2 folded.

The major strength of this manuscript is the analysis of an item of the PPE during the COVID-19 pandemic. This is very important for health care workers, mainly for dental professionals who have the highest risk for SARS-CoV-2 contagiousness. In addition, this study used an innovative methodology, simulating the real exposure of dental professionals during aerosol-generating procedures. However, no suction device was used in this methodology. In most countries, suction tip has been used to suction saliva, not the aerosol. Our study alerted the health care professionals to the risk of being exposed to aerosols and to the false sensation of the greater non-woven weight, the greater protection should be reassessed. Therefore, future studies should focus on breathable, impermeable, and comfortable fabrics, which also offer microorganisms' barriers, ensuring safety for health care workers, especially for those who work in a contaminated environment.



CONCLUSIONS

Different weights (single or folded) of one-layer non-woven fabrics did not inhibit aerosol penetration during a simulation of a 5-min aerosol-generating dental procedure, with the exception of the 80 g/m2 folded. Dental procedures exceeding the studied time may provide different results for the non-woven 80g/m2 folded.

Dental health workers, who are exposed daily to aerosol-generating procedures should be aware of the exact specification and performance of the fabrics used in the manufacturing of their disposable garments.

If the use of an impermeable PPE is not possible during aerosol-generating procedures, a plastic garment associated with a disposable PPE should be worn, as recommended by the World Health Organization.
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Group Non-woven*weight N=60 Time of exposure

1 40 g/ single 10 5min
2 60 g/m? single 10 5min
3 40 g/m? folded 10 5min
4 80 g/m? single 10 5min
5 60 g/m? folded 10 5min
6 80 g/m? folded 10 5 min

*One-layer Spunbond manufactured by Fitesa (Porto Alegre, RS, Brazi), distributed by
Lordspuma (Rio de Janeiro, RJ, Brazil.
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