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Objective: This study aimed at assessing, in vivo, whether the prior use of 0.12% chlorhexidine as mouthwash would 
decrease air contamination caused by aerosolized sodium bicarbonate during dental prophylaxis. The study was con-
ducted with 23 patients aged between 10 and 40 years old who were randomly selected and undergoing fixed orth-
odontic treatment.

Methods: The study was divided into two phases (T1 and T2) with a 30-day interval in between. In both phases, 
dental prophylaxis was performed with aerosolized sodium bicarbonate jetted to the upper and lower arches for 4 
minutes. In T1, 10 minutes before the prophylaxis procedure, the participants used distilled water as mouthwash for 
one minute; whereas in T2, mouthwash was performed with 0.12% chlorhexidine. Microbial samples were collected 
in BHI agar plates for microbiological analysis. Two dishes were positioned on the clinician (10 cm from the mouth) 
and a third one at 15 cm from the patient’s mouth. The samples were incubated for 48 hours at 37°C. Results were 
expressed in colony-forming units (CFU). 

Results: Statistical analysis carried out by means of Student’s t test, as well as Wilconxon and Kruskal-Wallis tests 
revealed that the prior use of 0.12% chlorhexidine as mouthwash significantly reduced CFU in the three positions 
studied (P < 0.001). 

Conclusion: The prior use of 0.12% chlorhexidine as mouthwash significantly reduced contamination caused by 
aerosolized sodium bicarbonate during dental prophylaxis in the orthodontic clinic.
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introduction
Cross infection control and biosecurity issues 

are crucial to the dental practice. Healthcare pro-
fessionals and patients are often subjected to several 
risks, among which is cross infection.1 Reducing 
it is a major challenge for dentists, researchers and 
microbiologists.2

In some cases, microorganisms overcome the se-
curity measures adopted, thus putting patients and 
professionals at risk. This often occurs as a result of 
professional negligence with regard to biosecurity, 
which intensifies the cross infection cycle in the den-
tal office.3 The orthodontic practice differs from oth-
er dental specialties by the volume of patients assisted 
per day, which increases the chances of cross infec-
tion.4 Additionally, orthodontic treatment with fixed 
appliances increases biofilm accumulation.5,6

Given the negative effects of plaque accumulation 
during orthodontic treatment, orthodontists are con-
stantly searching for new techniques and material that 
benefit and protect both patients and clinicians.7,8

The use of antimicrobial agents can help to main-
tain the integrity of tooth structure.5 Chlorhexidine is a 
chemical agent with antimicrobial properties capable of 
inhibiting bacterial growth and reducing the number of 
these microorganisms in the oral cavity, including Strep-
tococcus associated with the development of caries.2,9

Aerosol particles may contain viruses, such as those 
of the acquired immunodeficiency syndrome (AIDS) 
and hepatitis B (HBV), which can penetrate through 
the clinician’s, assistant’s and patient’s respiratory tract 
and conjunctiva membranes.6,10

For this reason, it is essential that clinicians and assis-
tants cooperate to avoid cross‑contamination as a result 
of the use of aerosol equipment by means of which mi-
croorganisms can be introduced and spread within one 
meter around the operative field.11

The aim of this in vivo study was to assess whether the 
prior use of 0.12% chlorhexidine as mouthwash would 
decrease contamination caused by aerosolized sodium 
bicarbonate during dental prophylaxis of patients un-
dergoing fixed orthodontic treatment.

MATERIAL AND METHODS
This quantitative longitudinal study was con-

ducted with patients undergoing orthodontic treat-
ment carried out by the Postgraduate Programm in 

Orthodontics, School of Dentistry, Federal Univer-
sity of Bahia (UFBA).

All participants were strictly treated in accordance 
with Resolution 196/96 issued by the Brazilian Nation-
al Health Council (CNS). The research was approved 
by the UFBA Institutional Review Board through con-
solidated opinion No. 171.801 and registration in SIS-
NEP, CAAE 03798312.2.0000.5024.

Sample size calculation was performed to detect a dif-
ference of 20% in relation to the initial data.12 According 
to data provided by the G*Power program (version 3.3, 
G*Power Software, Inc. 1 Mannheim, Germany), 22 
individuals were necessary for each group.

Sample characterization
In selecting the sample, the following inclusion cri-

teria were applied:
1) A minimum of five teeth in each quadrant of the 

upper and lower arches;
2) Absence of systemic diseases;
3) No previous use of antibiotics or antiseptic mouth-

wash in the last 30 days;
4) No previous professional prophylaxis in the last 

30 days.
Initially, a total of 25 patients were selected for this 

study. After applying the inclusion criteria, the number 
was reduced to 23, males and females aged between 10 
and 40 years, randomly chosen and who were undergo-
ing fixed orthodontic treatment.

To maintain the same treatment conditions and avoid 
interference in the results, the study was conducted in 
the same booth of the Postgraduate clinic. Before each 
procedure, the dental equipment was decontaminated 
with 2% chlorhexidine and alcohol 70%.13 The hand-
piece used to jet the aerosolized sodium bicarbonate was 
sterilized in an autoclave, and the water used for dental 
prophylaxis was distilled.

The research was conducted in two phases with a 
30-day interval in between. The researcher used the 
following personal protective equipment: glove, mask, 
cap, goggles and lab coat; and followed the criteria of 
ideal biosecurity.13

Samples were collected in a dish containing 
25  mL of BHI agar (Eximlab Commercial Equip-
ment Laboratory LTD - Paraná - Brazil), placed onto 
the clinician’s face (forehead area) (taped to a skull-
cap) and identified as P1. Another dish containing 
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the same medium was positioned 10  cm from the 
clinician’s mouth (vertical downward direction) 
and identified as P2. A third dish also containing 
BHI agar was placed over the patient’s thoracic re-
gion, 15 cm from the oral cavity and identified as P3 
(Fig 1).The dishes were made of 90 mm ​​x 15 mm, 
sterile, smooth Petri plastic (J. Prolab - Paraná - 
Brazil). The culture medium used was BHI agar. 
To avoid contamination, the Petri dishes containing 
25  mL of BHI agar were exposed on the auxiliary 
table before procedure onset.

Jet hand I sodium bicarbonate jet (Gnatus dental 
medical equipment LTD - São Paulo - Brazil) was used 
for dental prophylaxis (Fig 2).

First phase (T
1
)

The patient rinsed the mouth with 15 mL of distilled 
water for one minute ten minutes before prophylaxis. Den-
tal prophylaxis was performed for 4 minutes in the upper 
and lower quadrants of all subjects with sodium bicarbon-
ate jet of which container was filled with distilled water.

Second phase (T
2
)

After 30 days, all patients were subjected to a new 
prophylaxis procedure following the same aforemen-
tioned standards. However, mouthwash was performed 
ten minutes before prophylaxis with 15 mL of 0.12 % 
digluconate chlorhexidine for one minute.

Microbiological evaluation
After sample collection, the dishes were identified and 

incubated under aerobic conditions at 37°C for 48 hours. 
After incubation, the total count of colonies was car-
ried out for each dish using a colony counter model EC 
550A (PHOENIX - São Paulo - Brazil). Results were 
expressed in CFU (Colony Forming Units).

Statistical analysis
Data were tabulated in Excel spreadsheet for Win-

dows 2010 and analyzed in GraphPad Prism (version 
5.0, GraphPad Software. Inc., San Diego, CA, USA). 
Shapiro-Wilk test was used to assess sample normality. 
Student’s t‑test was used for data with normal distribu-
tion (comparison of two means of P3). As for data with  
non‑normal distribution, Wilconxon test (comparison 
of two means of P1; comparison of two means of P2; and 
comparison of both overall means) and Kruskal‑Wallis 

(comparison of three positions in T1 and comparison of 
three positions in T2) were used. Significance level was 
set at P < 0.05 for all analyses.

RESULTS
Assessment carried out in T1 and T2 for the dishes 

previously exposed on the auxiliary table before prophy-
laxis revealed no significant growth of CFU, with an 
average of two Colony Forming Units per dish.

Figure 1 shows a BHI agar dish, positioned at P1, 
where mesophilic bacteria colonies developed during pro-
phylaxis with bicarbonate jet and subsequent incubation.

Comparison between T
1
 and T

2

Comparison of CFU means between T1 and T2 
(mouthwash with distilled water and mouthwash with 
0.12 % chlorhexidine) at P1, P2 and P3, revealed statis-
tically significant differences (P < 0.001). In T1, the mean 
of CFU was 9.05 x 102, while in T2 it was 5.57 x 102 
during dental prophylaxis (Fig 2).

Comparison of dishes positioned at P1 in both T1 
and T2 phases also revealed statistically significant dif-
ferences (P = 0.0074), as shown in Fig 3. CFU means 
of 3.21 x 102 were obtained in the first phase, whereas 
CFU means of 2.05 x 102 were found after mouthwash 
with 0.12 % chlorhexidine.

Comparison of dishes positioned at P2 in phases T1 
and T2 also revealed a statistically significant reduction 
in CFU mean (P = 0.0051) (Fig 4).

The dishes positioned in the patient (P3) re-
vealed significant difference between T1 and T2 
(P = 0.0035) (Fig 5).

Comparison among P1, P2 and P3 
Figures 6 and 7 compared the means of dishes po-

sitioned at P1, P2 and P3 in T1 and T2, respectively. 
The dishes positioned at P1, P2 and P3 showed statis-
tically significant differences in both phases, whereas 
the dish positioned in the patient (P3) showed higher 
means in comparison to that positioned in the clinician. 
In the clinician, P2 showed higher CFU means than P1 
in both steps.

DISCUSSION 
Given the possible changes in patient’s oral mi-

crobiota and the increased risk of contamination in-
volved during orthodontic treatment, it is essential that 
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advantageous technique for orthodontic patients. In 
spite of increasing the aerosol formed, the technique 
increases biofilm removal, reduces operative time and 
prevents heat release during the procedure.17,18 For 
these reasons, sodium bicarbonate jet was chosen for 
collection and evaluation of the aerosol method in 
this research.

Another method employed to prevent cross contam-
ination is the use of antimicrobial agents. Chlorhexidine 
is considered the gold standard in comparison with oth-
er substances used to interfere in biofilm formation.9,19,20 
It  was most commonly used twice a day as a 10 mL, 
0.2% mouthwash solution.21

preventive methods be employed for all patients.14 The 
type, frequency and amount of measures adopted to 
prevent and maintain oral health will depend on the in-
dividual characteristics of the clinician and the patient.

Dental prophylaxis has proved to be one of the 
most important preventive methods.15 Studies have 
shown that the technique of prophylaxis carried out 
with sodium bicarbonate jet is effective in removing 
biofilm from all tooth surfaces, as well as from fis-
sures and fossas. It  is recommended for patients un-
dergoing orthodontic treatment.16 In comparison to 
the rubber cup and pumice techniques, prophylaxis 
with sodium bicarbonate jet is considered the most 

Figure 1 - Dental prophylaxis and sample collection for microbiological analysis with dishes positioned at P1, P2 and P3. 

Figure 2 - CFU means generated in dental prophylaxis with  sodium bicar-
bonate spray distributed in T

1
 and T

2
 (p<0.001*). Standard deviation: T

1
 = 

829.87 and T
2
 = 489.02

Figure 3 - Comparison of CFU means at P1, in T
1
 and T

2
.  (p=0.0074*). Stan-

dard deviation P1 (T
1
) = 274.79 and P1 (T

2
) = 174.34. 
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produced during prophylaxis of orthodontic patients. 
This result corroborates the study conducted by Gon-
çalves et al12 which assessd, in vivo, the contamination 
generated by aerosol produced by a low-speed hand-
piece used for dental prophylaxis of non-orthodontic 
patients. They found a statistically significant reduction 
in contamination when 0.12 % chlorhexidine was used 
before the procedure. The additional use of chlorhexi-
dine as a mouthwash 10 minutes before the orthodontic 
procedure proves to be a favorable alternative to reduce 
cross-contamination during orthodontic treatment, 
especially in patients who have poor oral hygiene.

Toroglu et al24 also conducted a study to assess the ef-
ficacy of mouth rinse with 0.12 % chlorhexidine before 
removing, by means of a handpiece, the excess adhesive 
material and resin of orthodontic patients. They found 
that contamination was not significantly reduced, which 
does not corroborate the present research. The  study 
developed by Toroglu et al24 did not inform the waiting 

However, Keijser et al22 and Quirynen et al23 com-
pared the use of 0.12  % and 0.2% chlorhexidine so-
lutions and found that both concentrations decreased 
contamination and, as a consequence, provided 
antimicrobial control.

Additionally, other studies have shown that decreas-
ing the concentration and increasing the volume of the 
solution practically provides the same amount of drug 
with similar antiplaque effectiveness, but reduced side ef-
fects.22 Thus, mouthwash with 15 mL of chlorhexidine at 
0.12% has been used on a large scale. At these concentra-
tions, the recommended time for rinsing is one minute.20

This study assessd and compared the clinical effica-
cy of 0.12 % chlorhexidine solution, used as previous 
mouthwash for one minute, in reducing contamination 
in an orthodontic environment. The results of this study 
reveal that 0.12  % chlorhexidine used as mouthwash 
ten minutes before dental prophylaxis significantly re-
duced the CFU number of bacteria present in aerosol 

Figure 4 - Comparison of CFU means at P2, in T1 and T2 (p=0.0051*). Stan-
dard deviation P2 (T

1
) = 351.03 and P2 (T

2
) = 226.76. 

Figure 6 - Comparison of CFU means at P1, P2 and P3, in T
1
 (p<0.05*). 

Figure 5 - Comparison of CFU means at P3, in T1 and T2 (p=0.0035*). Stan-
dard deviation P3 (T

1
) = 953.80 and P3 (T

2
) = 554.93. 

Figure 7 - Comparison of CFU means at P1, P2 and P3, in T
2
 (p<0.05*). 
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time between the use of 0.12% chlorhexidine and the 
performance of the procedure.

Chlorhexidine remains active in the mouth where 
it is slowly released.25 In the present study, the wait-
ing time of 10 minutes between the mouthwash with 
0.12  % chlorhexidine and the prophylaxis procedure 
proved to be a favorable alternative to reduce cross con-
tamination during orthodontic treatment, especially in 
patients with poor oral hygiene.

The study conducted by Logothetis & Marti-
nez‑Welles26 compared the use of distilled water and 
0.12% chlorhexidine as mouthwash solutions employed 
30 minutes before dental prophylaxis to reduce contam-
ination. Their results showed no significant differences, 
which does not corroborate the present study.

The additional use of an antimicrobial agent such 
as chlorhexidine may be more effective than mechani-
cal rinsing with distilled water, only. The cationic 
molecule of chlorhexidine in an oral environment is 
quickly attracted by the negative charges of bacterial 
cell surface, which characterizes the bacteriostatic and 
bactericidal properties of chlorhexidine. Both charac-
teristics are directly related to the concentration of the 
product.2,20,22,23 Using low-speed handpiece for dental 
prophylaxis, Gonçalves et al12 found an average of 37.2 
CFU when comparing prophylaxis with and without 
previous mouthwash with 0.12 % chlorhexidine.

Studies assessing the amount of aerosol produced 
by sodium bicarbonate jet used as a method of den-
tal prophylaxis revealed a significant increase of CFU 
when air/water spray was compared with low-speed 
traditional prophylaxis.27,28

The results yielded by this study revealed high CFU 
mean (7.31 x 102 CFU). This can be explained by the 
type of patient selected for the study:Patients undergoing 

orthodontic treatment tend to have increased biofilm 
and, as a consequence, increased number of bacteria in 
the oral cavity. Additionally, it can also be explained by 
the use of bicarbonate spray which further increases the 
level of aerosol.

There is a wide variety of studies about the con-
tamination of dental offices, particularly with regard to 
people directly involved with care.9,12 Gonçalves et al12 
conducted a study in which they used agar dishes at-
tached to the face of clinicians and assistants, as well as 
on patient’s chest. Results revealed that contamination 
detected in the clinician resembles that found in the pa-
tient’s chest.

In the present study, the areas of dish setting were se-
lected so as to include areas where contamination is evi-
dent, thus ensuring the reach of the aerosol and the func-
tionality of physical barriers in cross infection control.

CFU means at P3 had significant differences in com-
parison to P1 and P2 in both phases. The greater the 
proximity of the working area, the greater the bacte-
rial dissemination.1 The study by Toroğlu et al6 assessed 
the amount of contamination caused by aerosol during 
removal with handpiece of adhesive material and resin 
excesses in orthodontic patients. Their results revealed 
that clinicians should worry about protecting the face, 
as well as areas of the neck and arms, given that these 
areas can be easily contaminated by aerosol spray.6,24

CONCLUSION 
Based on the results of this study it is reasonable to 

conclude that mouthwash with 0.12  % chlorhexidine 
performed before prophylaxis procedures significantly 
reduced contamination caused by aerosol of sodium bi-
carbonate spray used during dental prophylaxis in pa-
tients undergoing orthodontic treatment (P < 0.001). 



© 2014 Dental Press Journal of Orthodontics Dental Press J Orthod. 2014 May-June;19(3):95-101101

original articleSantos IRM, Moreira ACA, Costa MGC, Barbosa MC

1.	 Barreto ACB, Vasconcelos CPP, Girão CMS, Negreiros MM, Rocha P, Mota 

OML, et al. Contaminação do ambiente odontológico por aerossóis 

durante atendimento clínico com uso de ultrassom. Braz J Periodontol. 

2011;21(2):79-84.

2.	 Hortense SR, Carvalho ES, Carvalho FS, Silva RPR, Bastos JRM, Bastos 

RS. Uso da clorexidina como agente preventivo e terapêutico na 

odontologia. Rev Odontol Univ Cidade São Paulo. 2010;22(2):178-84.

3.	 Silva AS F, Ribeiro MC, Risso M. Biossegurança em odontologia e 

ambiente de saúde. 2. ed. rev. ampl. São Paulo: Ícone. 2009. cap. 9, p. 

225-87.

4.	 Gandini Júnior LG, Souza RS, Martins JCR, Sakima T, Gandini MREAS, 

Controle da Infecção Cruzada em Ortodontia: Parte 1 - Hepatite B, 

Desinfecção e Aparatologia Pessoal. Rev Dental Press Ortod Ortop 

Maxilar. 1997;2(2):77-82.

5.	 Alves PVM, Alviano WS, Bolognese, AM, Nojima, LI. Treatment protocol to 

control Streptococcus mutans level in an orthodontic patient with high 

caries risk. Am J Orthod  Dentofacial Orthop. 2008;133(1):91-4.

6.	 Toroglu MS, Bayramoglu O, Yarkin F, A Tuli. Possibility of Blood and 

Hepatitis B Contamination Through aerosols generated during 

debonding procedures. Angle Orthod. 2003;73(5):571-8.

7.	 Calabrich CFC, Barbosa MCB, Simionato MRL, Ferreira RFA. Evaluation of 

microbial activity of orthodontic adhesive associated with chlorhexidine-

thymol varnish in bracket bonding. Dental Press J Orthod. 2010;15(4):62-

8.

8.	 Bishara SE, Vonwald L, Zamtua J, Damon PL. Effects of various methods 

of chlorhexidine application on shear bond strength. Am J Orthod 

Dentofacial Orthop. 1998;114(1):150-3.

9.	 Câmara AC, Albuquerque MM, Aguiar CM. Irrigating Solutions used in the 

biomechanical preparation of root canals. Pesq Bras Odontoped Clin 

Integr. 2010;10(1):127-33.

10.	 Rivera-hidalgo F, Barnes JB, Harrel SK. Aerosol and splatter production 

by focused spray and standard ultrasonic inserts. J Periodontol. 

1999;70(5):473-7.

11.	 Moreira ACA, Cruz JFW. Efetividade da clorexidina incorporada a 

hidrocolóide irreversível. Rev Ci Méd Biol. 2005;4(2):113-7.

12.	 Gonçalves LB, Ramos AL, Gasparetto A. Avaliação do efeito da 

clorexidina 0,12% na redução de bactérias viáveis em aerossóis gerados 

em procedimento de profilaxia. Rev Dental Press Ortod Ortop Facial. 

2006;11(3):88-92.

13.	 Agência Nacional de Vigilância Sanitária. Serviços odontológicos: 

prevenção e controle de riscos. Goiás: ANVISA; 2006.

14.	 Denes J, Gábris K. Results of a 3-year oral hygiene programme including 

amine fluoride products in patients treated with fixedorthodontic 

appliances. Eur J Orthod. 1991;13(2):129-33.

ReferEncEs

15.	 Morlock BJ, Pippin DJ, Cobb CM, Killoy WJ, Rapley, JW. The effect of 

Nd:YAG laser exposure on root surfaces when used as an adjunct to root 

planing: An in vitro study. J Periodontol. 1992;63(1):637-41.

16.	 Lima SNM, Verri RA. Efeitos da aplicação de bicarbonato de sódio sob 

pressão no tratamento básico periodontal e na remoção de placa 

bacteriana. Rev Paul Odont. 1984;6(1):2-10.

17.	 Nuti Sobrinho A, Lima SNM, Watanabe, I. Estudo da ação do Profident 

sobre a placa bacteriana dental através da microscopia eletrônica de 

varredura. Rev Paul Odontol. 1985;7(2):34-9.

18.	 Nuti Sobrinho A, Lima SNM, Watanabe I. Estudo da ação do Profident 

sobre a placa bacteriana em bandas ortodônticas através da microscopia 

eletrônica de varredura. Rev Paul Odontol. 1986;8(3):10-7.

19.	 Bardal P, Jorge A, Santos S. Avaliação da contaminação de aventais após 

procedimento odontológico. Rev APCD. 2007;61(4):308-14.

20.	 Zanatta FB, Rösing CK. Clorexidina: mecanismo de ação e evidências 

atuais de sua eficácia no contexto do biofilme supragengival. Scientific-A. 

2007;1(2):35-44.

21.	 Fardin RF, Andrade IP, Xavier KBC. Nunes APF. Avaliação in vitro das 

diferentes concentrações de clorexidina no controle da placa dental 

bacteriana. Rev Bras Pesq Saúde. 2011;13(2):37-42.

22.	 Keijser JAM, Verkade H, Timmerman MF, Weijden FAV. Comparison of 

2 commercially available chlorhexidine mouthrinses. J Periodontol. 

2003;74(2):214-8.

23.	 Quirynen M, Avontroodt P, Peeters W, Pauwels M, Coucke W, Van SD. 

Effect of different chlorhexidine formulations in mouthrinses on de novo 

plaque formation. J Clin Periodontol. 2001;28(1):1127-36.

24.	 Toroğlu MS, Haytaç MC, Köksal F. Evaluation of aerosol contamination 

during debonding procedures. Angle Orthod. 2001;71(4):299-306.

25.	 Jorge AOC. Microbiologia bucal. São Paulo: Ed. Santos; 2007. cap. 1, p. 

1-12.

26. Logothetis DD, Martinez-Welles JM. Reducing bacterial aerosol 

contamination with a chlorhexidine gluconate prerinse. J Am Dent 

Assoc. 1995;126(12):1634-9.

27.	 Larato DC, Ruskin PF, Martin A. Effect of a dental air turbine drill on the 

bacterial counts in air. J Prosthet Dent. 1966;16(7):758-65.

28.	 Gross KBW, Overman PR, Cobb C, Brockmann S. Aerosol generation by 

two ultrasonic scalers and one sonic scaler: a comparative study. J Dent 

Hyg. 1992;66(7):314-8.


