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Abstract

The purpose of this study was to prevent cross-contamination of dental hygienists by aerosols. We
performed prophylactic scaling on 30 patients who visited the dental clinic. Microbiologic identification
and SEM imaging were performed to confirm the number of microorganisms in the aerosol. Data
analysis showed significant difference between two groups using SPSS (ver.21). According to the results,
it was confirmed that Gram-positive and Gram-negative microorganisms were present in the aerosol,
and these microorganisms were identified as microbes causing opportunistic infection in human body. In
addition, chlorhexidine gargles were reduced to a significant level to reduce the number of
microorganisms in the aerosol. A dental hygienist is likely to stay in a clinic room for a long time and be
exposed to the generated aerosols. In order to prevent this, dental hygienists must thoroughly implement
protection through personal protective equipment such as face shields and mask. In addition, reducing
the number of microorganisms in the patient's mouth can be used gargling agents. In conclusion, the
risks of cross-infection will be reduced through these methods.
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Introduction
With the various medical information provided through mass
media, people have become concerned about infectious
diseases and have developed an interest in their prevention and
treatment, and their expectation of and demand for their own
safety are increasing [1]. In particular, people’s interest in
nosocomial infections is on the rise. As such, optimal infection
control efforts are being attempted to prevent nosocomial
infections, and the responsibility and role of medical
institutions for nosocomial infection control have been greatly
emphasized.

In particular, dental treatment rooms are always exposed to a
wide range of pathogenic microorganisms due to their nature.
That is, secretions such as oral bacteria, saliva, and blood are
spread to the air by hand pieces and ultrasonic scalers, which
are frequently used for treatment, in the form of aerosols and
droplets containing pathogenic microorganisms. Therefore,
dental clinics pose a higher risk of infection compared to other
medical institutions [2], and if the treatment room is
contaminated, it can be a cross-infection-mediating site [3].
Spray droplets less than 5 μm in size remain in the air, and if a
person is not adequately protected, the possibility of such
droplets’ contact with the person’s lungs is very high [4].

Therefore, infection control in dental treatment rooms is
essential, and prevention of infection has been considered an

important issue. For this reason, various methods have been
sought to protect both the patients and dental employees from
infection, and to prevent the spread of cross-infection between
them through various routes, in the form of aerosols [5]. One
of such methods is using protective equipment. Cross-infection
can be prevented by wearing medical gloves, masks, safety
goggles, face shields, and uniforms in the treatment room,
which can reduce the number of microorganisms contacting the
body [6].

To minimize the exposure to infection, it is necessary to
acquire knowledge about the proper infection prevention
measures, and to practice infection control. Infection control
aims at preventing or reducing the incidence of infection
among the patients and employees in medical institutions. It
must be performed in a cost-effective way [7].

Infection control can be effective when the medical staff,
patients, institutional managers, and infection managers all
recognize its importance and practice it [8]. In particular, the
role of dental hygienists, who frequently come in closest
contact with the patients in the dental clinics, is very important.
Despite this, however, there have been few studies on effective
infection control through personal protection, one of the
infection control methods used by dental hygienists in clinical
practice. Moreover, the standards of the infection control
index, which can serve as criteria for clinical application, have
not yet been completely prepared for infection control in dental
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medical institutions, despite the high risk of exposure to
infection therein.

This study aimed to reduce the risk of infection in dental
treatment rooms through the airborne bacteria from aerosols
during scaling, by promoting the use of face shields and
prophylactic antimicrobial agents, and ultimately, to improve
the quality of the medical services provided.

Materials and Methods

Sample collection
A total of 30 patients were treated with prophylactic scaling.
During the procedure, the dental hygienist was required to
wear a face shield and to generate aerosol on its surface. To
confirm the reduction of the bacteria in aerosols by 0.1%
chlorhexidine solution, the experimental subjects were divided
into two groups. The first experimental group did not gargle
with chlorhexidine before the prophylactic scaling while the
second gargled with chlorhexidine for 30 s.

To confirm the strain and number of bacteria present in the
samples, the front part of the face shield was uniformly rubbed
with a sterilized cotton swab at 5 × 5 cm, as shown in Figure 1.
Then the swab samples were placed in 3 mL sterile distilled
water and were stored at 4°C.

Figure 1. Microbial collection of face shield (5 × 5 mm).

Identification of bacteria and confirmation of the
presence of colony-forming units (CFUs)
To measure the number of bacteria on the surface of the face
shield, 100 μL of each collected sample was dispensed in the
LB medium, spread evenly with a sterilized glass rod, and
incubated at 36°C for 48 h. After incubation, the viable cell
count at the CFU was obtained with the naked eyes and was
expressed at the CFU. For identification analysis, the samples
were isolated into pure culture with the streak plate culture
technique, and were incubated. The gene extraction was carried
out by boiling lysis method and PCR was performed using
universal primers 27F and 1492R to amplify bacterial 16S
rDNA and the amplified PCR products were electrophoresed to
analyse the 16S rDNA sequence. Through this process, the
species names are shown in Table 1.

Scanning electron microscopy (SEM) preparation
To compare the numbers of bacteria in the two experimental
groups (with and without chlorhexidine gargling), SEM
(S3500N, Hitachi Co., Japan) analysis was performed. The
front part of the face shield was dried via pre-treatment, was
plated with platinum, and was magnified at an accelerating
voltage of 15 kV for observation.

Statistical analysis
The CFU data were analysed using SPSS (version 21.0). The
mean and standard deviation of the CFUs were calculated, and
t-test analysis was performed to identify the difference
according to chlorhexidine use or non-use.

Results

Identification of the bacteria collected from the face
shield
As a result of the PCR on the samples collected from the face
shield, two kinds of strains were identified. The gram-positive
strain was identified as Micrococcus luteus, and the gram-
negative strain, Moraxella osloensis (Table 1).

Figure 2. Microbial count with gargling between two groups.

Figure 3. Changes in the number of surface microorganisms
according to the presence or absence of chlorhexidine with 10000X
magnification (A) No chlorhexidine (B) Chlorhexidine application.

CFUs collected from the face shield
Table 2 shows the result of gargling with chlorhexidine, a
parameter affecting the airborne viable particulate count by
aerosols. Through the observation of the face shield via SEM,
it was found that there was a significant difference in the
number of bacteria between the two experimental groups (with
and without chlorhexidine gargling). In the group without any
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treatment before scaling, the average number of bacteria was
52.5 CFU/ml (Figure 2), but in the group where chlorhexidine

gargling was applied, the average number of bacteria was 4.6
CFU/ml, which was remarkably small (Figure 3).

Table 1. Identification result of face shield surface microorganism.

Family Species Type Primer sequence (5‘-3‘)

Micrococcuaceae Micrococcus luteus Gram-positive GGA TTA GAT ACC CTG GTA

CCG TCA ATT CMT TTR AGT TT

Moraxellaceae Moraxella osloensis Gram-negative GGA TTA GAT AC CTG GTA

CCG TCA ATT CMT TTR AGT TT

Table 2. The number of microorganisms according to the presence or
absence of chlorhexidine.

Group Number of face shield CFU (Mean ± SD) P-value

No chlorhexidine 15 52.50 ± 4.95 0.000**

Chlorhexidine 15 4.60 ± 0.89  

*p<0.05, **p<0.01

Discussion
This study was conducted to investigate the combined
protection method against cross-infection and to help dental
hygienists recognize the seriousness of cross-infection, which
causes various diseases, so that they would take the initiative to
wear personal protective equipment.

The aerosols generated in the dental treatment room contain
various bacteria, causing air pollution in the room, which is a
major part of the indoor pollution in the hospital. Nosocomial
infection has been reported to be proportional to the degree of
air pollution existing in the hospital [9]. In this study,
Micrococcus luteus and Moraxella osloensis were identified
among the gram-positive and gram-negative bacteria,
respectively. Micrococcus luteus is resident oral flora, which is
medically known as the endocarditis-inducing bacterium of the
prosthetic heart valve [10,11]. Moraxella osloensis, on the
other hand, is known to be a major causative bacterium of
respiratory tract infection, and has been reported to show
penicillin resistance [12]. Previous studies have also suggested
that dental employees should consider the risk of infection as
they are frequently exposed to bioaerosols [13,14]. For the
prevention of infectious diseases, it is efficient to prevent
exposure to infection or to prevent contamination by an
infection medium, and direct contact with bacteria should be
avoided. Considering that bioaerosols affect dental hygienists
mainly through the respiratory system and skin, wearing a
mask and a face shield seems essential for them.

Next, a way of reducing the bioaerosols by controlling the
number of bacteria in the mouth can be chosen. Prophylactic
scaling is usually performed with an ultrasonic scaler, which
operates by causing the tip to vibrate with a sound wave using
a liquid medium. Such liquid medium causes the release of
aerosols containing the patient’s blood and saliva, which may
contain bacteria [15]. In particular, ultrasonic scalers have been

reported to generate more aerosols than hand pieces and air-
water syringes [16]. For this reason, it has also been reported
that the use of an ultrasonic scaler is associated with an
increase in the prevalence of respiratory disease in dental
medical staff [17]. Allosopp et al. [18] reported that a high rate
of eye and skin hypersensitivity or infection was shown in
dental employees who used an ultrasonic scaler for more than
60 min a day.

Chlorhexidine is widely used as an antimicrobial agent for the
mouth. It is absorbed by the surface of the mouth and is slowly
released over a long period of time [19,20]. In addition, it
exhibits a wide range of antimicrobial activities against gram-
positive bacteria, gram-negative bacteria, and various
infectious viruses [21]. The chlorhexidine used in this study
showed an approximately 88% reduction effect on the number
of bacteria in aerosols when applied before scaling. In fact, the
effect of chlorhexidine on the reduction of the number of
bacteria has been revealed in many studies [22,23]. In light of
these results, gargling with chlorhexidine before scaling seems
to be essential for preventing cross-infection.

This study has limitations as a cross-sectional experimental
study. First, the results were drawn with the one-time sampling
of aerosols. Thus, the settings for aerosol control in which
various parameters are applied will be needed. Second, the
infection risk analysis was not sufficient because the possibility
of infection of the respiratory system through the mask and
face shield was not considered.

Conclusion
In this study, the number of bacteria contained in aerosols
generated during prophylactic scaling using an ultrasonic
scaler was effectively reduced by requiring the dental
hygienists to wear a face shield, personal protective equipment
for preventing contact with bacteria, and by requiring the
patients to gargle with chlorhexidine before the treatment.
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