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Abstract. Humanity is being affected by the SARS-CoV-2 beta-coronavirus since December
2019. This disease has caused a high mortality rate due to easy contagion in pandemic mundial
scale. The transmission occurs from human to human, through respiratory droplets and contact
with aerosol-infected surfaces. Anyone carrying the virus that is close (i.e. less than 1 meter) to
another person’s eyes, nose or mouth, makes him/her susceptible because of direct contact with
the contaminated particles he/she will have (e.g. by touching an infected surface and then touching
the eyes, nose or mouth). Due to the risk of exposure to infection, given the forms of contamination
by this virus and considering measures to control and protect against infections by health
professionals, the Academic Rehabilitation League (LAR), formed by professors and students of
the University Center of Americas, produced 400 facial protectors using 3D printing through
models composed of polymer filaments, in addition to the acetate films visor and elastics for better
fixation, these can be reused and sterilized easily. The masks were distributed free of charge to
health professionals in the state of S&o Paulo, with the purpose of offering greater support, so that
they can perform their work safely.

Keywords. 3D Printing, Personal protective equipment, SARS-CoV-2 Coronavirus, COVID-19,
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Introduction. At the end of December 2019, in the city of Wuhan, Hubei Province, China, was
detected a new coronavirus linked to a wet seafood market. Currently, the etiological agent has
been named Coronavirus 2 of severe acute respiratory syndrome (SARS-CoV-2). The symptoms
of COVID-19 disease, named by the World Health Organization (WHO) on February 11, 2020,
appear after an incubation period and the cases of premature death from the COVID-19 outbreak
occurred mainly in the elderly, possibly due to a weak immune system that allows a faster
progression of viral infection. On March 11, 2020, the WHO declared a global pandemic and
ordered people to stay at home to minimize the transmission of Coronavirus 2. On the other hand,
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health professionals from the country's public and private networks, as well as research institutions
and controlled testing laboratories were prepared to do the exact opposite, remaining at the
forefront of the fight against the disease.!2

According to the WHO, the transmission of the virus occurs from an infected person to another by
contact, such as coughing, nasal secretions, sneezing or saliva. Thus, the coronavirus can be
transmitted by droplets suspended in the air. The use of masks represents a physical barrier,
minimizing the risk of dissemination. However, the use does not replace the individual mask
(surgical masks or PFF2 - N95) serving only as a complement, on masks and glasses. 2

As the pandemic fosters, access to personal protective equipment (PPE) such as face shields masks
has become extremely important to reduce contamination of individuals who are working on the
front lines in fight against COVID-19. 3 According to William Lindsley’s project on the
effectiveness of face shields against aerosol droplets, the facial shield mask can reduce immediate
viral exposure by 96% with a simulation less than 50 cm from the cough. At a recommended
distance of 2 meters, face shields masks have reduced viral exposure by 92%. After 30 minutes,
the protective effect exceeded 80% and the masks prevented aerosol drops by 68% .*>°

In many developing countries, health system infrastructure has found it difficult to support the
demand for efforts and equipment required by this pandemic. This has led to alarming emergencies
and poor control of health and safety of the network. Knowing this relevance, the goal of Academic
Rehabilitation League (LAR), formed by professors and students of the University Center of
Americas, S&o Paulo is to develop a project, using additive manufacturing to make face shields
masks by digitally produced models and subsequently sent to donations to help health
professionals.

Materials and methods

Additive manufacturing techniques. For the rapid prototyping process, also popularly known as
3D printing, a computational file model is required, a widely used extension is .stl. For the present
project, the .stl model developed by researchers from the Czech Republic was used as a basis,
which shared it through a non-commercial license by PRUSAPRINTERS, 2020. This model
featured prominences for fitting the acetate sheet, which should be punctured with a paper punch.
In this way, these fitting prominences have been removed from the model and it has been adapted
for an internal fitting system and easier assembly for the acetate sheet. As shown in Figure 1.
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Figure 1: Face shield computer 3D arc model adapted for this project.

After adapting the 3D design, the drawing was sliced using the Ultimaker Cura software®, the
model was printed by Tronxy X5SA 3D printer, with the following parameters suitable for
prototyping with PLA: Layer hight 0.3mm; Infill density 50%; Infill pattern octet; Printing
temperature 200°C; Build plate temperature 50°C; Filament diameter 1.75mm; Print speed
60mm/s; Travel speed 120mm/s; No support generate; Build plate adhesion type brim with 4mm;
Final print time 3h40min for 2 mask supports for procedure. Figure 2 shows the final face shield
model assembly.

Figure 2: Final Face Shield model assembly.
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Assembly process. Once the additive manufacturing technique was put into practice, the assembly
process of the face shields was carried out in a fast and practical way. With the printed arc model
made of biopolymer polylactic acid (PLA) in hand, the acetate film was placed in the coupling gap
and then, the elastic fixed on side pins for better stability during use.

After assembly, the masks were disinfected with 70% alcohol or polyhexamethylene biguanide
(PHMB) and packed in cardboard boxes or plastic bags for transportation. Assembled, cleaned and
properly packaged, the face shields were delivered to the professionals who work on the front line
in the fight against COVID-19. Although the disinfection process was carried out after the
assembly of the masks, it was recommended that they should be cleaned again before the first use.
Figure 3 shows the flowchart for production.
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Figure 3: Production and assembly flowchart

Results and Discussion. The risk of infection for hospital staffs is higher than the rest of the
population. Health professionals are a potential vehicle for the spread of SARS-CoV-2. With the
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spread of COVID-19 to the surplus population, more than 3300 healthcare workers were infected
in China. In April 2020, Fursaroli, P. et al., reported the 100" Italian physician infected with the
disease. The vast majority of the first 100 victims among physicians occurred in Lombardia, the
most affected region in general, followed by Emilia-Romanha and Campénia.

The strategy to prevent the spread of the virus includes the use of appropriate personal protective
equipment among health professionals, such as N95 masks, medical masks, eye protection,
dressing gowns, gloves and facial protectors.® However, the sudden arrival of the pandemic has
caused a depletion of these materials at all three levels of government, federal, state and municipal,
as well as in private networks. The Sdo Paulo State Medical Association conducted a survey to
map the opinions and working conditions of Brazilian physicians, especially from S&o Paulo city,
in the midst of the new coronavirus pandemic (COVID-19). The survey was conducted in mid-
April and had the participation of 2312 professionals. The result was that 50% of the surveyed
physicians reported the lack of N95 or PFF2 masks, suitable for blocking the coronavirus; 38.5%
reported the lack of facial protection; 26% reported the lack of glasses; 31%, of aprons; 36.5%, of
surgical masks. This demonstrates the importance of carrying out projects that promote the
manufacture and donation of personal protective equipment. °

The 3D printing technology has reformulated biomedical engineering to design and develop new
equipment as a flexible and powerful technique in the advanced manufacturing industry. Facial
protectors come in many shapes, but all must provide a transparent plastic barrier that covers the
face. For optimal protection, the shield should extend below the chin anteriorly, to the ears
laterally, and there should be no exposed space between the forehead and the shield helmet. These
simple features allow the design to be easily reproduced and effective.!%* The application of the
rapid prototyping technique by 3D printing in our project has proved to be an effective process in
the production of the acetate sheet supports for the face shields. One disadvantage of this process
is the manufacturing time of each piece. In other techniques like injection and cutting, for example,
it would be possible to produce 10 times more, at the same time, but these equipment have a higher
cost than a 3D printer.

Research has shown that the virus can survive for a different period, depending on the surface.
Therefore, the WHO recommends ensuring that disinfection and environmental cleaning
procedures are performed correctly and consistently.*2® Over the years, disinfectants have been
used in the hospital industry, in clinics, outpatients and offices, acting as infection prevention.°
These chemical agents promote the destruction of microorganisms in the vegetative form, in
hospital articles or on surfaces.!! According to the National Health Surveillance Agency
(ANVISA), after the use of IPEs, cleaning must be performed and then disinfected with 70% liquid
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alcohol, sodium hypochlorite or other disinfectant in the concentration recommended by the
manufacturer.

Face shields can be treated by the following processes: 1) Sodium hypochlorite (bactericide,
fungicide, microbactericide and virucide, depending on the concentration), has fast action and
leaves no residues, it can be used on surfaces and respiratory therapy materials. In the
concentration of 0.1% it is effective for the disinfection of thermosensitive materials, such as
masks, mechanical ventilator accessories and anesthesia devices, humidifiers, among others. The
disinfection process with sodium hypochlorite is done by immersion of 15 to 30 minutes. 2) Ethyl
alcohol 70% - proceeds quickly on vegetative bacteria, viruses and fungi, but is not sporicide. It is
recommended only for surface disinfection and skin antisepsis.'! 3) Polyhexamethylene Biguanide
(PHMB) - Detergent and disinfectant. It has quick drying. It manifests a wide antimicrobial
spectrum. It is used for cleaning and disinfecting hospital surfaces and equipment, such as infusion
pumps, monitors, fans, glycemia devices, among others.?

The sterilization processes of the materials used in the making of the masks must allow the
inactivation of a wide variety of microorganisms, including toxic and resistant bacterial spores
without altering the characteristics of the material. This type of process differs from disinfection
in that it can destroy virtually all forms of micro-organisms and is divided into chemical and
physical processes. According to Del Monaco (2018), the methods that can be used for the
sterilization of face shields are: hydrogen peroxide plasma, ethylene oxide and ultraviolet (UV)
radiation. They are effective in destroying microorganisms and the chemical denaturing of
proteins, but do not use high temperatures for this.*®

Safety cameras equipped with UV-C type ultraviolet lamps are used for sterilization. The
ultraviolet radiation only has a microbicidal effect when used with sufficient intensity and
exposure time, its wavelengths below 200nm are inefficient for this application, because the
radiations in the range of 210 and 330nm can be considered efficient as germicides, because they
are absorbed by proteins and nucleic acids, causing chromosomal disruption, genetic mutations
and inactivation of enzymes that lead to cell death. In general, ultraviolet radiation has proven to
be a faster, more reliable, effective, economical, and environmentally safe way to sterilize face
shields.®®

In hydrogen peroxide plasma sterilization, STERRAD® Plasma Hydrogen Sterilization (Sterrad
Sistem® - Johnson & Johnson®) uses a combination of plasma and hydrogen peroxide vapor
(H20.) at low temperature and without toxic residues. Hydrogen peroxide is a bactericide,
tuberculiscide, sporicide and fungicide and acts through the production of free radicals that damage
lipid membranes, DNA and other essential cellular components. The STERRAD® sterilization
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cycle consists of hydrogen peroxide vapor injection into the treatment chamber and emission of
microwaves that generate plasma with free radicals that have the ability to denature proteins,
leading to cell death. Unlike the UV method, plasma can reach regions of devices with more
complex geometries.t®

For this project, so far 400 face shields have been produced and donated to healthcare
professionals. The project will be extended until the end of the pandemic in Brazil.

Conclusion. The pandemic caused by COVID-19 is one of the major problems facing the world
health system today. This virus has arrived quickly, bringing to light the deficiency in the
infrastructure of the global health system. Specially in development countries, these problems are
mainly caused by the lack of personal protective equipment, putting the employees of hospitals,
health posts and COVID-19 service centers at imminent risk of contamination. For a professional
who acts in the front line to fight the disease, a higher level of protection is required, and due to
this reality the use of PFF2 - N95 masks overlapping face shields is crucial to reduce the spread of
the disease among professionals who put their own lives at risk to save others. Even with the
success of the 400 face shields masks donations to various professionals carried out by the LAR,
there are still many unprotected employees nationally and internationally. Some months have
passed since the beginning of this pandemic, and the health system still has difficulty in meeting
the current needs of its employees, therefore, increasing investment and better management is
necessary in order to protect health workers and then minimize contamination and the deaths
caused by this pandemic.
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