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Protective Effect of 0.1% Chlorhexidine Gluconate Solution Pre-Rinse against 
Oral Bacteria and Bacterial Aerosol Contamination during Ultrasonic Scaling
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Objectives: This study was conducted to determine the antibacterial effect of 0.1% chlorhexidine gluconate solution (CGS) against oral 
microorganism and to confirm contamination of personal protective equipment and environment of dental clinic by bacterial aerosol during 
ultrasonic scaling.
Methods: Scaling was performed by a dental hygienist after 0.1% CGS pre-rinse to a total of 18 healthy subjects without oral inflammation. 
Samples were taken from personal protective equipment and environment to confirm contamination by bacterial aerosol.
Results: The most contaminated area with bacterial aerosol was the dental hole towel of patient and followed by the chest, cap, gloves, and 
dental apron of personal protective equipment. The areas with high CGS pre-rinse effect after scaling were cap, gloves, ultrasonic scaler handle, 
and dental hole towel.
Conclusions: 0.1% CGS pre-rinse is an effective method to consistently reduce the risk of periodontitis and contamination by bacterial aerosol 
in dental treatment including scaling.
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Ⅰ. Introduction

As interest and awareness about infections have increased, 
the importance of nosocomial infection is emerging. Hemorrhagic 
dental procedure is mainly performed in dental clinics and 
in particular, through a procedure that uses the blowing force 
of compressed air, various microorganisms in the patient saliva 
and blood exist in the air the form of an aerosol, and bacterial 
aerosol contaminates the surfaces of dental equipment and 
instruments of the dental clinics, patients, dentists and dental 
hygienists, thereby the infection rate in the dental clinics is 
increased[1]. Particles with a diameter of 50 μm or more 
generated by dental instruments were defined as splatter, and 
those with a diameter of 50 μm or less were defined as dental 
aerosol[2]. Dental instrument that generates aerosol includes 
a handpiece, ultrasonic scaler and air-water syringe, among them, 
the ultrasonic scaler generates a greater amount of contaminated 
aerosol compared to other instruments[3]. Aerosol stays in the 

air for a long time and can penetrate deep into the human 
respiratory system and the splatter, which is larger in diameter 
than aerosol, can also penetrate into the respiratory system by 
vaporizing into smaller particles while containing microorganism 
in the air[4]. In addition, due to its small particle size, aerosol 
can spread up to several meters and remain in the air in the 
clinic for up to 30 minutes[5]. In order to treatment gingivitis 
and periodontitis in dentistry, surgical and non-surgical periodontal 
treatment should be performed to physically remove biofilm and 
calculus of the supra-gingival and subgingival[6] and for this, 
a hand scaler and an ultrasonic scaler are used. The ultrasonic 
scaler is widely used for periodontal treatment by reducing 
the bleeding index and the pocket depth, and removing the 
subgingival calculus, as well as reducing the time for treatment 
and the fatigue of operator in comparison with the use of various 
types of hand instruments including periodontal curette[7-9]. 
However, the ultrasonic scaler continuously sprays water from 
the tip to reduce the heat generated by the vibrating tip, this 
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contaminates the clinic by generating aerosols including the 
saliva, blood and oral microorganisms of patient during scaling 
for periodontal treatment and it can endanger health by increasing 
the infection of aerosol in the operator and the patient[10,11]. 
Personal protective equipment can be used to protect the 
operator and treatment coordinator from infection by bacterial 
aerosol and a high-volume evacuator can be attached to the 
ultrasonic scaler to reduce the diffusion of aerosol into the 
air [12]. Nevertheless, it is difficult to prevent aerosol of small 
particles from penetrating into the body with personal protective 
equipment such as protective eyewear, mask and face-mask[13].

Chlorhexidine gluconate solution(CGS) is effective in plaque 
control and inhibition of gingivitis, and is widely used as an 
antibacterial agent applied to the oral cavity[14]. Oral rinsing 
with a CGS can reduce bacteria in saliva and aerosol-induced 
infections during dental treatment[15]. In addition, oral rinse 
with CGS before periodontal treatment using an ultrasonic scaler 
has been reported to reduce the number of oral bacteria[16]. 
This study was conducted to determine the antibacterial effect 
of 0.1% chlorhexidine gluconate solution(CGS) against oral 
microorganism and to confirm contamination of personal 
protective equipment and environment by bacterial aerosol 
during ultrasonic scaling.

Ⅱ. Materials and Methods

1. Preparation of Personal Protective Equipment

Sterilized personal protective equipment, surgical gown 
(Dasol International, Siheung-si, Korea), medical hair cap 
(Dasol International), protective shields for medical treatment, 
eyewear (OTOS®, Soul, Korea), dental mask (Yuhan-Kimberly 
Co., Soul, Korea) and latex surgical glove (Dasom medical 
Co., Seoul, Korea) were used to determine the degree of 
contamination of operator by bacterial aerosol. The dental light 
handle and the ultrasonic scaler handle were treated three times 
with 70% isopropyl alcohol (Duksan, Co., Gwangju-si, Korea) 
and used sterilized dental hole towel (KM Healthcare Co., 
Guri-si, Korea) and dental apron (KM Healthcare Co.) to 

determine the degree of contamination in the clinic environment 
by bacterial aerosol.

2. Sample Collection

A total of 18 healthy 20-year-olds without dental caries and 
periodontal disease were pre-rinsed the oral cavity with DW 
and 0.1% CGS (Hexamedine sol; Bukwang Pharm. Co., Seoul, 
Korea) and scaling was performed. The same two dental 
hygienists performed scaling to reduce the error caused by 
the scaling. After scaling, 10 pieces (3×3cm2)cut out from 
the sterilized personal protective equipment and sterilized gauzes
(10×9cm2) cleaned the dental light handle and ultrasonic scaler 
handle were placed in 10ml DW. All instruments for sample 
collection were sterilized or sterilized products were used.

3. Antimicrobial Activity Against Oral Microorganism

The oral microorganisms used in this study were purchased 
from the Korea Microbiological Conservation Center(KCCM) 
and the Korean collection for type cultures (KCTC). S. mutans 
(KCCM 40105) was cultured in brain heart infusion (BHI, 
MB cell, Korea) agar and broth, L. casei (KCCM 12452) and 
A. actinomycetemcomitans (KCTC 2581) in MRS (MB Cell) 
agar and broth, E. coli (KCTC 1039) in Luria Bertani (Difco 
LB, MILLER, USA) agar and broth, and C. albicans (KCCM 
11282) were in potato dextrose agar (PDA, MB cell) and broth 
(PDB, MB cell) for 24 h, respectively. The oral microorganism 
diluted according to the previous study25 were smeared on agar 
plates, and the sterilized paper disc sabsorbed with 0.1% CGS and 
DW, and antimicrobial susceptibility disk of penicillinG(10mcg, 
Oxoid Ltd., Hampshire, United Kingdom) and ampicillin(10 
IU, Oxoid Ltd.) were placed in 36.5℃ incubator (vision Scientific 
Co., Dejeon, Korea) for 24 h, and then clear zone formed 
around the disk was measured.

4. Cultivation of Salivary Microorganism

To investigate the changes over time in saliva oral microorganism 
according to application of DW and CFS,100μl saliva was 
smeared on agar plate (Difco LB Agar, MILLER) and cultured 
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<Figure 1> Inhibition zone by 0.1% chlorhexidine gluconate 
solution and antibiotics using the disk diffusion test

<Figure 2> Changes in colony of saliva microorganisms with time
after 0.1% chlorhexidine gluconate solution pre-rinse

in an incubator at 36.5℃ incubator (vision Scientific Co.) for 
24 h, and then the number of colonies was measured and CFU/ml 
was calculated.

Ⅲ. Results

1. Inhibition zone by 0.1% chlorhexidine gluconate 
solution (CGS) and antibiotics using disk diffusion 
test

Representative oral bacteria, S. mutans, L. casei, A. actinomycetemcomitans 
and E. coli, and an opportunistic fungus, C. albicans living in the 
oral cavity were smeared on agar plates. 0.1% CGS-treated paper 
disc is placed on a smeared agar plate, and the measurements 
of the clear zone after 24 h incubation were shown in <Figure 1>.

0.1% CGS showed antibacterial effects in the order of E. 
coli, A. actinomycetemcomitans, L. casei and S. mutans, but 
no antifungal effect in C. albicans <Table 1>. CGS was most 
effective in reducing E. coli transiently present in the oral 
cavity and more effective against periodontitis causing bacteria, 
A. actinomycetemcomitans than than a representative dental 
caries causing bacteria, S. mutans and matured dental caries 
related bacteria L. casei.

Oral microorganisms　
Inhibition zone (mm) Ratio

CGS Penicillin G
(10 mcg)

Ampicillin 
(10 IU)

CGS :
Penicillin

CGS :
Ampicillin

Streptococcus mutans 1.1 2.6 3.0 0.42 : 1 0.37 : 1
Lactobacil casei 1.2 2.7 3.4 0.44 : 1 0.35 : 1
Aggregatibacter 
actinomycetemcomitans 1.2 2.4 2.7 0.50 : 1 0.44 : 1

Escherichia coli 1.4 1.1 2.0 1.27 : 1 0.70 : 1
Candida albicans 0.0 0.0 0.0 - -

<Table 1> Inhibition zone by 0.1% chlorhexidine gluconate solution
(CGS) and antibiotics using disk diffusion test

2. Changes in colony of saliva microorganisms with time 
after 0.1% chlorhexidine gluconate solution pre-rinse

The persistence of the effect of CGS on oral microorganism 
in saliva was shown in <Figure 2>. 0.1% CGS pre-rinse 

consistently reduced oral microorganism compared to DW 
application. Therefore, CGS pre-rinse is effective to prevent 
infection by oral microorganism in patient during oral treatment 
with frequent bleeding including scaling.

3. Contamination by bacterial aerosol after scaling

The degree of contamination of sterilized personal protective 
equipment and environment by bacterial aerosol after scaling 
is shown in <Figure 3>. The most common exposure to bacterial 
aerosol during scaling was dental hole towel, followed by chest, 
medical hair cap, gloves and dental apron of the personal 
protective equipment for dentist and dental hygienist.
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<Figure 4> Comparison of the contamination by bacterial aerosol according to 0.1% 
chlorhexidine gluconate solution pre-rinse in scaling

<Figure 3> Contamination by bacterial aerosol after scaling

4. The contamination by bacterial aerosol according 
to 0.1% chlorhexidine gluconate solution pre-rinse 
in scaling

Comparing results of the bacterial aerosol contamination 
before and after 0.1% CGS pre-rinse is shown in <Figure 4>. 
Medical hair cap, gloves, ultrasonic scaler handle and dental 
hole towel had great CGS pre-rinse effect.

Ⅳ. Discussion

The importance of preventing cross-infection between dental 
staff and patients has been noted by previous studies[13,17]. 

Infection of medical staff and patients plays a role as an infection 
pathway causing infection in patients and their families[18]. Various 
microorganism exists in the saliva or blood of a patient, and it 
is possible to spread contamination by bacterial aerosol caused 
by dental treatment tools such as an ultrasonic scaler[10,11,19]. 
Dentist and dental hygienist working in aerosol-occurring clinic 
have more symptoms of aerosol-induced infection compared to 
personnel such as receptionist working in non-clinic[20]. Dental 
staff using ultrasonic scaler for more than 60 minutes a day showed 
higher hypersensitivity reactions and infection in eyes, skin, and 
upper and lower airways than those of no using ultrasonic scaler, 
and personal protective equipment, such as face-mask and protective 
eyewear, has limitations to prevent small particles in aerosol state 
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from penetrating into the body[13].
This study investigated the antibacterial effect of 0.1%CGS 

against oral microorganism and contamination of personal protective 
equipment and environment by bacterial aerosol during ultrasonic 
scaling. In this study, 0.1%CGS was most effective in reducingE. 
coli transiently present in the oral cavity and more effective against 
periodontitis causing bacteria, Aggregatibacter actinomycetemcomitans 
than a representative dental caries causing bacteria, S. mutans 
and matured dental caries related bacteria L. casei, but did 
not show effects on a representative opportunistic fungus, 
Candida albicans <Figure 1, Table 1>, so it was different from 
the previous report[21] that CGS showed a wide range of 
anti-microbial activity against Gram-negative and positive bacteria, 
fungi and hepatitis B virus. Also, CGS consistently reduced 
oral microorganism in saliva <Figure 2>. This may be because 
chlorhexidine not only induces precipitation in bacterial cytoplasm 
bacterial causing cell death and binds strongly to the bacterial 
cell membrane [22] but also is well adsorbed to the dental pellicle 
on the tooth surface and once adsorbed, maintains bacteriostatic 
activity for more than 12h[23]. These results indicate that the 
application of 0.1% CGS pre-rinse in dental treatment with 
frequent bleeding including scaling can effectively and consistently 
reduce the risk of periodontitis.

The most contaminated area with bacterial aerosol was the 
dental hole towel of patient and followed by the chest, cap, 
gloves, and dental apron of personal protective equipment 
<Figure 3>and the areas with high 0.1% CGS pre-rinse effect 
after scaling were cap, gloves, ultrasonic scaler handle, and 
dental hole towel <Figure 4>. These results were similar to 
the previous results for wash with water and essential oil before 
using the air-polishing device generating aerosol[24] and the 
results for the number of bacteria contained in aerosol according 
to oral rinsing with chlorhexidine before periodontal treatment 
using an ultrasonic scaler[6]. This indicates that several areas 
of the patient and operator can be contaminated by bacterial 
aerosol and CGS pre-rinse has a great effect of reducing 
contamination by bacterial aerosol.

V. Conclusion

0.1% CGS pre-rinse can effectively and consistently reduce 
the risk of periodontitis and contamination by bacterial aerosol 
in dental treatment including scaling. The wearing of dental 
hole towels for patients and personal protective equipment of 
dentists and dental hygienists is essential to prevent microbial 
infections and cross-infections during dental treatment.
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