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Abstract

This study was conducted to determine the importance of infection prevention and to promote effective
disinfection through a comparison of the degrees of bacterial contamination before and after
disinfection in the clinical laboratory of a dental hygiene department. The subjects were five infection-
prone parts of a dental unit chair, including the back of the chair, the spitting bowl, the bracket button,
the light handle, and the bracket handle, of the clinical laboratory of the dental hygiene department of K
University in Gangwon Province. To compare the degree of bacterial contamination before disinfection
with that after disinfection, a sterilized cotton swab was used to swipe a 1x1cm area on the surface of a
dental unit chair before disinfection, after which the cotton swab was promptly put into a sterilized
saline solution. Safe Clean Spray (Associated Dental Products Ltd. Kemdent Works, Swindon, UK) was
then applied to the same 1 × 1 cm surface of the dental unit chair, and after 1 min, another sterilized
cotton swab was used to swipe the area, after which the cotton swab was promptly put into a sterilized
saline solution. The bacteria on the cotton swab were smeared onto a Lysogeny broth (LB) agar medium
and were cultured for 48 h at 37°C. The colony-forming unit (CFU) results showed less bacteria after
surface disinfection, and all the five areas of the dental unit chair showed significant results (p<0.05).
The bacterial identification results showed the highest rate of enterococcus in the pre-disinfected spitting
bowl, followed by the bracket handle, and the distribution of the gram-positive bacteria was high.
Although most of the bacteria were eliminated after surface disinfection, there were some remaining
bacteria. Therefore, the frequency of surface disinfection in clinical laboratories is increased to prevent
human cross-contamination from bacteria, using a more potent and biostable disinfectant.
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Introduction
The dental hygiene department has been using an ultrasonic
scaler on patients in the dental hygiene department clinical
laboratory, for scaling practice. This creates an environment
exposing both the patients and the dental practitioners to
various types of pathogenic microorganism, and may become
an important cause of disease [1]. In particular, the use of an
ultrasonic scaler releases fine-droplet-shaped aerosols with
infectious factors and toxic particles into the air [2]. The
droplet-shaped aerosols float around in the air in the clinical
laboratory and contaminate the bodies of the dental practitioner
and patients as well as the surfaces of almost all the tools and
equipment used in the clinic [3].

Cross-infection is the human-mediated infection of humans,
such as the patients or their guardians and the hospital staff
members, or the infection of humans mediated by materials
like the diagnostic tools or equipment in the clinic [4]. It is
very important as it causes infection of the patients and dental

office staff during dental hygiene clinical practice through the
aerosols in the air or the contaminated materials in the clinic,
and plays the role of an infection pathway that can cause
horizontal and vertical infection in other patients and their
families [5]. The various microorganisms existing in the saliva
or blood of the patients can cause indoor pollution and can
become mediators for infection due to the various
characteristics of dental practice. Therefore, infection
management is very crucial [6].

Based on these characteristics of dental practice, the possibility
of cross-infection from infectious microorganisms is very high
in the dental staff and patients, and many endeavors have been
made to prevent cross-infection. Exposure to patients with
various lifestyles can cause repeated aerosol infection and can
increase the possibility of cross-infection as well as the
infection risk. Therefore, a practitioner can be a mediator at the
center of multiple disease occurrence, and as such, thorough
management is needed [7].
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To prevent cross-infection, safety glasses, gloves, masks, and
scrubs must be worn so these can block infectious materials
like the saliva, blood, and aerosols from the patient’s oral
cavity [8]. Furthermore, hand washing is a primary preventive
method for the cross-infection of practitioners from their
patients as the hands are important factors in spreading
infectious diseases [5]. Therefore, the use of a primary
preventive method should be a priority in the prevention of
cross-infection.

Additionally, all the tools and equipment used in dental
procedures must be thoroughly sanitized and sterilized to
prevent cross-infection and to minimize infection caused by
direct/indirect contact with the patient’s oral cavity [9].
Individual responsibility for infection prevention has not been
properly practiced, however, and great and small risks existing
widely in and around the clinical laboratories in schools can be
easily overlooked and neglected. Aerosols including infectious
factors and toxic substances float around in a restricted space
and are then dropped and cause infection. Therefore, the
surface of the dental unit chair must be frequently sanitized
[10]. Kim et al. [11] stated that the contaminated surface of a
dental unit chair can cause cross-infection of the patient, so it
must be sanitized after the treatment of every patient. In a
study investigating dental hygiene students’ awareness of the
risk of infection, a higher infection prevention practice rate was
shown when there were concerns about exposure to infectious
substances, blood, and saliva. The study emphasized the
importance of infection prevention practice even after a simple
procedure where one did not directly contact a contaminated
substance, and the importance of the right recognition of
infection prevention as well as the necessity of systemic
education requiring active practice [12].

Therefore, this study investigated the degree of bacterial
contamination and the types of bacteria present on the surface
of a dental unit chair in the dental hygiene clinical laboratory
of K University by comparing the degrees of bacterial
contamination before and after disinfection. Furthermore, this
study can be used to raise the awareness of the importance of
infection prevention, and the study results can be used as
primary data to promote effective disinfection.

Materials and Methods
Ten infection-prone unit chairs in the dental hygiene clinical
laboratory of K University in Gangwon Province were selected
for contamination evaluation. The surface bacteria on the back
of the chair, the spitting bowl, the bracket button, the light
handle, and the bracket handle were collected to investigate the
degrees of bacterial contamination before and after
sterilization. A sterilized cotton swab was used to swipe a 1 ×1
cm area of each of the five aforementioned parts of the dental
unit chair before surface disinfection, after which the cotton
swab was promptly put into a 1.5 ml sterilized saline solution
to determine the degree of surface bacterial contamination

before surface disinfection. Safe Clean Spray (Associated
Dental Products Ltd. kemdent Works, Swindon UK) listed in
Table 1 was sprayed onto each of the same 1 × 1 cm areas of
the dental unit chair, and a sterilized cotton swab was used to
swipe the area after 1 minute, after which the cotton swab was
promptly put into a 1.5 ml sterilized saline solution to
determine the degree of surface bacterial contamination after
disinfection. To identify the rate of bacterial growth, a 1 ml
smear preparation was made using Lysogeny broth (LB) agar,
and it was cultured for 48 h at a 37°C culture medium. The
colony-forming unit (CFU) of the LB agar plate was counted
and recorded after the culture. Statistical analysis was then
carried out using SPSS version 19.0 (SPSS Inc., Chicago, IL,
USA). Student’s t-test was conducted to identify the change
from before to after disinfection. A p-value<0.05 was
considered statistically significant. From each of the isolated
and incubated microorganisms, genomic deoxyribo nucleic
acid (DNA) was extracted and subjected to polymerase chain
reaction (PCR), and sequencing was performed to identify the
strain.

Results

CFU changes before and after surface disinfection
The degree of bacterial contamination of a dental unit chair in
the clinical laboratory of K University before surface
disinfection is shown in Figure 1. A large number of bacteria
were shown at each of the five aforementioned parts of the
dental unit chair prior to disinfection, and most of the bacteria
were found to have been eliminated after surface disinfection.
Table 2 presents the before- and after-disinfection CFU results.
The degree of bacterial contamination was high prior to surface
disinfection, and was highest in the spitting bowl (15.80 ± 4.16
CFU/ml), followed by the bracket handle (10.75 ± 7.02 CFU/
ml), the light handle (7.17 ± 2.22 CFU/ml), the back of the
chair (6.38 ± 2.88 CFU/ml), and the bracket button (10.75 ±
7.02 CFU/ml). All the five parts showed statistically significant
decreases in bacteria after surface disinfection (p<0.05).

Surface bacteria analysis
Table 3 shows the identification results of the bacteria that
were purely separated from the surfaces of the five
aforementioned parts of the dental unit chair. The gram-
positive bacteria exceeded the gram-negative ones in quantity,
and Enterococcus faecalis, Staphylococcus warneri,
Micrococcus luteus, and Bacillus licheniformis were identified.
Among these, Staphlylococcus warneri were the most
frequently identified, followed by Enterococcus faeclis.
Furthermore, different types of bacteria were identified after
the surface disinfection of the four parts of the dental unit chair
other than the bracket handle, compared to before the surface
disinfection, while identical bacteria were found on the bracket
handle before and after surface disinfection.

Lee/Lee/Lee/Lim/Bang/Nam

3693 Biomed Res 2018 Volume 29 Issue 20



Product Safe clean spray (Associated Dental Products Ltd. Kemdent Works, Swindon, UK)

Application time As per the manufacturer’s directions, it was applied for 1 min for surface disinfection.

Effective against Gram-positive: Enterococcus faecalis, Micrococcus luteus, Staphylococcus warneri, Bacillus licheniformis

Ingredients Ethanol, didecylidimethylammonium chloride

Table 2. Bacterial contamination levels of the surfaces of the five parts
of the dental unit chair before and after surface disinfection.

Group CFU (Mean ± SD) P-value

Back of the chair Before 6.38 ± 2.88 0.020*

Back of a chair After 0.25 ± 0.71 0.020*

Spitting bowl Before 15.80 ± 4.16 0.016*

Spitting Bowl After 1.00 ± 0.85 0.016*

Bracket button Before 4.71 ± 1.14 0.000*

Bracket Button After 0.60 ± 0.54 0.000*

Light handle Before 7.17 ± 2.22 0.015*

Light handle After 0.67 ± 0.43 0.015*

Bracket handle Before 10.75 ± 7.02 0.046*

Bracket handle After 0.38 ± 0.37 0.046*

*Student’s t-test; p<0.05

Table 3. Identification of the bacteria collected from the dental unit chair.

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

Back of the chair Before Enterococcaeceae Enterococcus faecalis Gram-positive GGA TTA GAT ACC CTG GTA

Back of the chair After Microcoaccaceae Micrococcus luteus Gram-positive CCG TCA ATT CMT TTR AGT TT

Spitting bowl Before Enterococcaeceae Enterococcus faecalis Gram-positive GGA TTA GAT ACC CTG GTA

Spitting bowl After Staphylococcaceae Staphylococcus warneri Gram-positive GGA TTA GAT ACC CTG GTA

Bracket button Before Staphylococcaceae Staphylococcus warneri Gram-positive GGA TTA GAT ACC CTG GTA

Bracket Button After Bacillaceae Bacillus licheniformis Gram-positive GGA TTA GAT ACC CTG GTA

Light handle Before Enterococcaeceae Enterococcus faecalis Gram-positive GGA TTA GAT ACC CTG GTA

Light handle After Staphylococcaceae Staphylococcus warneri Gram-positive GGA TTA GAT ACC CTG GTA

Bracket handle Before Staphylococcaceae Staphylococcus warneri Gram-positive GGA TTA GAT ACC CTG GTA

Bracket handle After Staphylococcaceae Staphylococcus warneri Gram-positive GGA TTA GAT ACC CTG GTA

Discussion
Risks of cross-infection and nosocomial infection lie in clinical
laboratories due to the aerosols from the patients’ secretions
(e.g., saliva, blood), the various pathogenic microorganisms,
and the various dusts generated during clinical practice [13]. In
addition, contacting various patients can increase the risk of
acquiring an infectious disease and cross-contamination.
Therefore, infection prevention efforts are important, and it is
necessary to establish an infection prevention system [14].
Accordingly, dental hygiene students have an obligation to
have an accurate knowledge of the situations that can cause
cross-infection in the clinical laboratory, and to make an effort
to prevent cross-infection within the laboratory by preventing
such situations from arising.

Many pathogenic microorganisms can remain and survive on
the surfaces of the tools and equipment in the dental clinic,
which can cause infection. Yoon et al. [15] reported, however,
that 74.5% of dental practitioners do not disinfect such surfaces

after every treatment, and Bae et al. [16] reported that 72.1%
do not do so. Moreover, both studies showed that surface
disinfection is not being done properly. Furthermore, it has
been reported that the bacterial contamination is very high
when the surfaces of the tools and equipment in the dental
clinic are not disinfected, and that pathogenic sources of
infection can spread when a surface disinfectant is not used or
when surface disinfection is not properly done [17]. Therefore,
all the equipment and tools used during dental procedures,
including the dental unit chair, require sterilization or
disinfection, and thorough management is necessary [18].

To determine the extent to which the problem of the
contamination of the equipment and tools in a dental clinic by
microorganisms is addressed by surface disinfection, a
bacterial contamination test must be conducted. Practical
studies on bacterial contamination to determine the risk of
surface contamination in clinical laboratories, however, are
currently non-existent. Furthermore, as the risk of cross-
infection has increased and the importance of infection
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management has emerged, data to be used as bases for the
development of effective and practical infection management
guidelines for dental hygiene students are necessary. Therefore,
this study investigated the degree of bacterial contamination of
the surface of a dental unit chair before and after surface
disinfection by collecting bacteria from the dental unit chair of
a clinical laboratory, and analysed the effects of surface
disinfection on the degree of bacterial contamination.

Figure 1. Changes in the number of surface microorganisms present
in the five parts of the dental unit chair in this study from before to
after disinfection.

As a result, when the degree of bacterial contamination before
the surface disinfection of the dental unit chair at the clinical
laboratory of the dental hygiene department of K University
was compared to that after surface disinfection, the number of
bacteria collected from the surfaces of the five aforementioned
parts of the dental unit chair after disinfection was significantly
lower (p<0.05). The CFU level on the spitting bowl prior to
disinfection (15.80 ± 4.16 CFU/ml) was highest among the five
aforementioned parts of the dental unit chair, and was still
higher (1.00 ± 0.85 CFU/ml) than those of the four other parts
of the dental unit chair after disinfection. This was consistent

with the results of the study conducted by Park et al. [19],
which showed the highest number of bacteria from the spitting
bowl among the five surfaces. It is thus considered that the
spitting bowl has a higher number of bacteria compared to the
other parts of the dental unit chair due to the bacterial growth
from secretions like the saliva and blood from the patient’s oral
cavity after a dental procedure. Therefore, it must be
thoroughly disinfected among all the parts of the dental unit
chair, and a more potent and biostable disinfectant must be
used for this purpose to remove the remaining bacteria after
surface disinfection. The result of the purely separated bacteria
from the surface of the dental unit chair in the clinical
laboratory in this study showed that gram-positive bacteria
were distributed overall. After surface disinfection,
Staphylococcus warneri was mostly detected from three parts:
the spitting bowl, light handle, and bracket handle.
Micrococcus luteus was detected from the back of the chair,
and Bacillus licheniformis was detected from the bracket
button. These results were consistent with those of a study on
contamination in a dental clinic, which reported that
Micrococcus uteus, Bacillus pumilus, and Staphylococcus
aureus were detected from the back of the dental unit chair, the
spitting bowl, and the light handle [20]. It has been reported
that pathogens like Staphylococci and Streptococci were
detected as indirect/direct infectious bacteria, causing serious
problems like cross-infection [21]. In particular,
Staphylococcus species was reported to have been detected in
the air of a dental clinic when a high-speed dental drill was
used with water spray, proving that the use of such drill with
water spray causes infection during dental procedures [22].
Although Staphylococcus warneri, which was detected from
the spitting bowl, light handle, and bracket handle in this study,
rarely causes diseases in healthy adults, it has been reported
that it can cause sepsis and osteomyelitis in immunosuppressed
patients [23]. Micrococcus luteus, which was detected from the
back of the chair in this study, exists in the nasal cavity, upper
respiratory tract, and oral mucosa, and is known to cause
meningitis and bacteremia when one is infected with it [24].
Bacillus is an aerobic gram-positive bacillus that forms spores.
It exists anywhere in the surrounding environment and is
frequently detected in dental clinics [25]. Severe infection from
Bacillus licheniformis, which was detected in the bracket
button in this study, is associated with immunosuppression and
trauma, and it is known that antibiotic use easily treats the
infected regions [26]. The microorganisms that were detected
in this study suggest that the practice of thorough infection
management is necessary due to the maximized risk of
infection from these bacteria during various dental treatments.
Based on these results, it is necessary to make dental hygiene
students aware of the importance of surface disinfection in the
clinical laboratory, and to increase the surface disinfection
practice rate. In addition, review and application of the
infection management factors in clinical laboratories affecting
the numbers and types of bacteria, such as the disinfection
method and frequency, are recommended to decrease the
contamination rate by the surface bacteria. Therefore, it is
considered that education of future dental hygienist for
infection is necessary to encourage surface disinfection.
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Conclusion
Continuous measurement and analysis of the surface
disinfection practice of clinical laboratories and the monitoring
of effective infection management are considered necessary to
minimize cross-infection and to protect dental hygiene
students.
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