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RESUMEN

Objetivo: Evaluar la carga bacteriana en brackets metálicos y ce-
rámicos para determinar cuáles favorecen la retención de placa 
dentobacteriana. Material y métodos: Se analizaron premolares 
extraídos, divididos en dos grupos, uno cementados con brackets 
metálicos y en el otro con brackets cerámicos. Resultados: El aná-
lisis estadístico se realizó en el software Minitab, realizando una 
prueba t de Student en donde se determinó que no había diferencia 
significativa entre grupos (0.204). Conclusión: El tipo de bracket 
utilizado en el tratamiento de ortodoncia no es un factor determi-
nante en la adhesión de las bacterias, y por tanto la acumulación de 
placa dependerá de si existe o no una higiene adecuada.
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AbstRACt

Objective: To assess the bacterial load in metallic and ceramic 
brackets and determine which favor dental plaque retention. 
Material and methods: Extracted premolars divided into 2 groups 
and analyzed. In one group metal brackets were placed and in the 
other group, ceramic brackets. Results: Statistical analysis were 
performed and it was determined that there was no significant 
difference. Conclusion: The type of bracket used in the orthodontic 
treatment, is not a determining factor in bacteria adhesion and 
therefore plaque accumulation as long as proper hygiene is 
maintained.

IntroductIon

Dental plaque is an heterogenous accumulation 
of a diverse microbial community both aerobic and 
anaerobic; surrounded by an extracellular matrix of 
polymers, microorgansims and saliva.1 After a dental 
cleaning, the dental enamel is covered by a variety 
of proteins and glyxoproteins. This lining is called 
acquired pellicle (biofilm) and the first colonizers are 
streptocci followed by lactobacillus that are commonly 
found over dental surfaces.

This biofilm is mainly formed by non-patogenic 
bacteria however due to the ingestion of sucrose and 
other carbohydrates, fermenting acids are produced. 
This leads to enamel demineralization and eventually, 
caries. Among the most important microorganisms 
are: Porphyromonas gingivalis, Bacteroides forsythus, 
Actynomices actinomycetemcomitans and Treponema 
denticola.2-5

For a long t ime, orthodontic patients were 
considered to be low-risk and the procedures 
involved in their treatment, non-invasive. However, 
the appliances used for orthodontic treatment may 
be associated with oral hygiene difficulty.6-8 During 

treatment remnant areas which stimulate biofilm 
production and bacterial growth are created. One of 
the biggest challenges in orthodontics is to maintain 
an adequate oral hygiene throughout treatment. 
The tooth area that surrounds the brackets favors 
bacteria adhesion and dental plaque formation. These 
are difficult to eliminate and regular brushing is not 
sufficient for removing them in retentive zones such as 
the one formed by the adhesive between the bracket 
and the gingiva.9-12 The more common complications 
in orthodontic treatment due to plaque accumulation 
are caries and periodontal disease.13-16

The fixed passive orthodontic components are 
brackets which serve as support for the components 
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that produce the force. Ceramic brackets are very 
popular as an aesthetic alternative for orthodontic 
appliances in contemporary orthodontics. Ceramics 
are a broad type of materials that consist of metallic 
and non-metallic oxides which include gemstones, 
glasses, clays and ceramic mixtures.17,18 Metal 
brackets are mainly made of high-quality stainless 
steel; they have good bond strength and have proved 
to be more resilient than ceramic brackets due to their 
composition.6

MaterIal and Methods

sample obtention

Twenty first premolars that had been previously 
removed were analyzed. They were divided into 2 
groups (n = 10). Group 1 contained premolars with 
metal brackets bonded on them, while in group 2 
ceramic brackets were bonded on the premolars 
(Figure 1).

disinfection protocol

The disinfection protocol used was an ultrasonic 
bath. Each group was plunged into a 500 mL beaker. 
Two solutions were used for disinfection, first 17% 
EDTA for 10 minutes to remove the organic and 
inorganic matter. Subsequently, 5.25% sodium 
hypochlorite was used for the same amount of time 
in order to remove the organic matter. Between both 
baths, the premolars are flushed with sterile distilled 
water.19 Finally sample sterilization was carried 
with an autoclave at 121 oC and 15 psi. Afterwards, 
the supports were cemented in the corresponding 
groups, Group 1: metal brackets (Ah-Kim-Pech®) 
and Group 2: ceramic brackets (3M Clarity®) in a 
laminar flow cabinet to maintain the sterility of the 
sample. To corroborate the sterilization process, a 
microbiological sample was taken from each dental 
component (20 in total). Using a 10 μL micropipette 

sterile distilled water was deposited on the upper 
part of the bracket. On the distilled water side, three 
sterile # 45 paper tips (Hygienic®) were placed, each 
for 1 minute. The first two were placed in the middle 
and the last was swept from one side to another. The 
paper points were then deposited in a test tube with 
10 mL of trypticase soy agar as means of transport 
(Figure 1). The result of the sample was negative, 
assessed with the McFarland scale; the sample was 
planted in trypticase soy agar plates where there was 
no microbial growth.

sampling and incubation

The samples were taken from a patient who was 
under orthodontic treatment by using 3 sterile paper 
points with the method described above. They were 
deposited in a test tube with 10 mL of trypticase soy 
agar and incubated for 24 hours. A microbial growth 
with a McFarland standard of 7 was obtained; then 
a 0.5 McFarland standard is corresponded since 
this turbidity is typically found in the oral cavity. 
Subsequently, each tooth was placed in a test tube 
with 10 ml of trypticase soy agar and 5 drops of the 
sample with bacterial growth (0.5 McFarland). Every 
48 hours, the Tryiticase Soy broth of each sample 
was changed during 10 days with the purpose 
of obtaining the second sample and keeping the 
bacteria alive. The second sample was obtained in 
the same manner as the first; each one was placed 
in 10 mL of trypticase soy agar. After two hours of 
bacterial growth, serial dilutions were carried out 
between 10-1 and 10-3 in each sample. Once diluted, 
the sample was planted in an agar plate containing 
trypticase soy agar, labelled and sealed with parafilm. 
Afterwards, it was placed in a Felisa incubator for 
24 hours at a temperature of 35 ± 2 oC. Then, the 
CFU (Colony Forming Units) count was performed. 
A colony counter digital pen was used. Only samples 
with values between 30 and 300 CFU were taken into 
consideration (Figure 2).20

A b

a

b c
Figure 1.

Sample collecting with sterile 
paper points. A. Group A, a. 
metallic bracket, b. paper point; 
b. Group B, c. ceramic bracket.
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The values were analyzed using the Minitab 
software. The arithmetic mean was determined: 
5.18 log 10 CFU with a standard deviation of ± 0.52 
(Figure 3) for group 1 (metal brackets) and 5.38 log 
10 CFU with a standard deviation of ± 0.39 (Table 
I) for group 2 (ceramic brackets). The difference 
between the two groups was compared using 
the Student’s t-test but there were no significant 
differences (p = 0.204).

dIscussIon

The biological imbalance caused in the oral cavity 
by the presence orthodontic attachments has been 
object of several studies. Some of the factors that may 
facilitate bacterial adhesion to brackets are: surface 
roughness, saliva composition and flow, incubation 
time, the frequency of sucrose ingestion and oral 
hygiene.

Ahnin21 reported that metal brackets have less 
bacterial load in comparison with ceramic brackets, 
while Anhury22,23 Sharp and Papaioannou24 mentioned 
that there was no difference in the bacterial load 
between the two types of brackets. All these 
comparative studies on the microbial adhesion 
between different types of brackets show conflicting 
results. Our study agrees that there is no difference 
in the bacterial load between bracket types; this 
is probably due to the homogeneous conditions of 
sterility in both groups.

Eliades et al.25 assessed microorganism adhesion 
which indicates the influence of phenomena such as 
the surface and hydrophobic free energy. A significant 
correlation was observed between the surface and the 
retention capacity of the plate material. A favorable 
effect on bacterial adhesion was shown. According to 
this study, a metal has a free energy of 40.0 dynes/cm2, 
which is higher compared to that of ceramic brackets 
thus suggesting a higher bacterial adhesion in metal 
brackets. In this research both groups had similar 
conditions and a tendency for adhesion was identified 
in the ceramic brackets. However, there was no 
statistical difference with respect to the metal brackets. 
Bacterial adhesion to the brackets would probably be 
more complex if the study was performed in the oral 
cavity, where various interactions between salivary 
film, bacteria and bracket surface are present.23 In 
addition, the presence of other materials related 
to the appliances such as metal bands, archwires, 
elastomeric modules and resins may affect bacterial 
adhesion.22 The results showed bacterial adhesion 

table I. Arithmetic mean, standard deviation, minimum 
value, maximum value in metallic and ceramic brackets.

Brackets
Metallic Ceramic

FCU log 10

N 10 10
Media 5.18 5.38
Standard deviation ± 0.52 ± 0.39
Minimum value 4.54 4.94
Maximum value 6.1 6.9

A b

Figure 2.

FCU in trypticase soy agar. A. 
Metallic brackets. b. Ceramic 
brackets.
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Figure 3. Mean values of bacterial load.
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in both groups perhaps due to a lack of exposure to 
the patient’s habits such as diet and oral hygiene. As 
an additional factor, the use of orthodontic appliances 
probably favors food accumulation and makes hygiene 
difficult which results in the presence of biofilm.

Camargos26 mentioned that there was no significant 
difference between bracket types when bacterial 
colonization is assessed in the long term. The author 
suggested that the microbial adhesion of the bracket 
is directly related to time. The longer the appliances 
remain in the oral cavity, the lower the differences 
will be regardless of the bracket composition. In 
our results, no bacterial load was observed at the 
beginning of the study, we have hypothesized that 
this was due to the sterilization process performed in 
the brackets. Our results agree with what has been 
mentioned by Camargos:26 that there is no difference 
in the microbial load.

conclusIons

Based on the results of this study, no significant 
differences were found in the bacterial load between 
both groups. Therefore, the type of brackets used in 
an orthodontic treatment does not influence bacterial 
adhesion and dental plaque accumulation.

We suggest that the presence or absence of bacteria 
is due to different factors, such as diet, salivary flow 
and oral hygiene. In vivo studies are recommended to 
observe the behavior of these variables.

acknowledgeMents

This research was supported by the Orthodontics 
and Dentofacial Orthopedics Department of the 
University of San Luis Potosí, Mexico.

references

1. Sawhney R, Berry V. Bacterial biofilm formation, pathogenicity, 
diagnostics and control: an overview. Indian J Med Sci. 2009; 63 
(7): 313-321.

2. Sharma M, Yadav S. Biofilms: microbes and disease. Braz J 
Infect Dis. 2008; 12 (6): 526-530.

3. Rouabhia M, Chmielewski W. Diseases Associated with oral 
polymicrobial biofilms. Open Mycol J. 2012; 6: 27-32.

4. Venkataramaiah P, Biradar B. Plaque biofilm. In: Panagakos 
FS, Davies RM. Gingival diseases - Their aetiology, prevention 
and treatment. Rijeka, Croatia: InTech; 2011: 24-40. Available 
from: http://www.intechopen.com/books/gingival-diseases-their-
aetiology-prevention-and-treatment/plaque-biofilm

5. Wickström C, Hamilton IR, Svensäter G. Differential metabolic 
activity by dental plaque bacteria in association with two 
preparations of MUC5B mucins in solution and in biofilms. 
Microbiology. 2009; 155: 53-60.

6. Ciocan D, Dragos S. Anchorage of the modern orthodontic 
appliances. Annals of the University Dunarea de Jos of Galati. 
2012; 17 (Issue 2): 83.

7. Abdo C, Vieira I. Orthodontic wires: knowledge ensures clinical 
optimization. Dental Press J Orthod. 2009; 14 (6): 144-157.

8. Saloom H, Mohammed-Salih H, Rasheed S. The influence of 
different types of fixed orthodontic appliance on the growth and 
adherence of microorganisms. J Clin Exp Dent. 2013; 5 (1): 36-41.

9. Bourzgui F, Sebbar M, Hamza M. Orthodontics and caries. 
Principles in contemporary orthodontics. InTech; 2011: 309-326.

10. Sherifa-Mostafa M. The formation of dental microbial biofilm and 
plaque associated with the presence of orthodontic, Taif, and 
KSA. IOSR-JDMS. 2014; 13 (3): 95-100.

11. Pellegrini P, Sauerwein R, Finlayson T, McLeod J, Covell D, 
Maier T. Plaque retention by self-ligating versus elastomeric 
orthodontic brackets: quantitative comparison of oral bacteria and 
detection with adenosine triphosphate-driven bioluminescence. 
Am J Orthod Dentofacial Orthop. 2009; 135: 426.e1-426.e9.

12. van der Veen MH, Attin R, Polly S, Wiechmann D. Caries 
outcomes after orthodontic treatment with fixed appliances: do 
lingual brackets make a difference? Eur J Oral Sci. 2010; 118: 
298-303.

13. Preoteasa C, Ionescu E, Preoteasa E. Risks and complications 
associated with orthodontic treatment. Orthodontics: basic 
aspects and clinical considerations. Rijeka: Intech; 2012: 403-
428.

14. Marsh P. Dental plaque as a biofilm: the significance of pH in 
health and caries. Compend Contin Educ Dent. 2009; 30 (2): 76-
78, 80, 83-87; quiz 88, 90.

15. Jadhav T, Mahalinga K, Subraya G, Varghese J. Chronic 
inflammatory gingival enlargement associated with orthodontic 
therapy – a case report. J Dent Hyg. 2013; 87 (1): 18-23.

16. Sfondrini M, Debiaggi M, Zara F, Brerra R, Comelli M, Bianchi M. 
Influence of lingual bracket position on microbial and periodontal 
parameters in vivo. Eur J Orthod. 2011; 20 (3): 357-371.

17. Tamizharasi, Kumar S. Evolution of orthodontic brackets. JIADS. 
2012; 1 (30): 25-30.

18. Kumar A, Duggal R, Mehrotra A. Physical properties and clinical 
characteristics of ceramic brackets: a comprehensive review. 
Trends Biomater Artif Organs. 2007; 20 (2): 000-000.

19. Mohammadi Z. Sodium hypochlorite in endodontics: an update 
review. IDJ. 2008; 58: 329-341.

20. Gelman A, Chew G, Shnaidman M. Bayesian analysis of serial 
dilution assays. Biometrics. 2004; 60: 407-417.

21. Ahn S, Kho H, Lee S, Nahm D. Roles of salivary proteins in the 
adherence of bucal streptococci to various orthodontic brackets. 
J Dent Res. 2002; 81 (6): 411-415.

22. Anhoury P, Nathanson D, Hughes C, Socransky S, Feres 
M, Chou L. Microbial profile on metallic and ceramic bracket 
materials. Angle Orthod. 2002; 42 (4): 338-343.

23. Brusca M, Chara O, Sterin-Borda L, Rosa A. Influence of 
different orthodontic brackets on adherence of microorganisms 
in vitro. Angle Orthod. 2007; 77 (2): 331-335.

24. Papaioannou W, Gizani S, Nassika M, Kontou E, Nakou M. 
Adhesion of Streptococcus mutans to different types of brackets. 
Angle Orthod. 2007; 77 (6): 1090-1095.

25. Eliades T, Brantley W. Microbial attachment on orthodontic 
appliances: I. Wettability and early pellicle formation on brackets 
materials. Am J Orthod Dentofacial Orthop. 1995; 108 (4): 351-360.

26. Camargos R. Estudo da microbiota do biofilmesupragengival 
de pacientes emtratamento ortodôntico com diferentes tipos de 
braquetes. Belo Horizonte. 2008; 77f: II.

Mailing address:
Jesús David tristán López
E-mail: davidtristan88@gmail.com


