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Abstract

Orthodontic appliances serve as different impact zones and modify microbial adherence and colonization, acting as
foreign reserves and possible sources of infection. This study was conducted to investigate the effect of different ty-
pes of fixed orthodontic appliances on the growth and adherence of microorganisms in oral flora which are Strepto-
coccus mutans (S. mutans) and Candida albicans. Sixty-four of four different fixed orthodontic appliance-samples
were used, divided into four groups of sixteen. Type I: Sapphire brackets- Coated wires, type II: Sapphire brackets-
Stainless steel wires, type III: Stainless steel brackets- Coated wires and type I'V: Stainless steel brackets- Stainless
steel wires. Oral strains of S. mutans and Candida albicans were studied in the present study using biochemical test
then microbial suspensions were prepared to do the tests of each microorganism including the antimicrobial effects
of different appliance-samples on the growth of microorganisms and their adhesion tests. The results showed signi-
ficant differences between the different appliances in terms of inhibition zone formation (P<0.001). The adhesion
test, which is classified into low, medium and high, showed the adhesion of S. mutans, is low with type I and II,
medium with type III and high with type IV, whereas the adhesion of Candida albicans is medium with both type I
and II and high with both type III and IV with high significant differences (P<0.001). Appliance with high esthetic
appearance, sapphire brackets and coated arch wire, showed the least adherence of S. mutans and Candida albicans
in comparison to other appliances with less esthetic and more metal components.
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Introduction

For a long time, the traditional orthodontic patient was
considered as a low-risk patient and orthodontic proce-
dures were considered noninvasive (1). However, these
appliances can be associated to difficulty in cleaning.
During treatment, retentive areas are created that favor
biofilm accumulation and bacterial growth (2). One of
the greatest challenges in orthodontics consists in main-
taining proper oral hygiene during treatment. Brackets,
bands and other accessories further aggravate these con-
ditions by retaining dental plaque, which can lead to gin-
givitis and enamel demineralization, causing white spots
and caries (3). Microbiological studies have established
that, after placement of a fixed orthodontic appliance,
the number of bacteria raises significantly, particularly
streptococci and lactobacilli, subjecting the oral envi-
ronment to an imbalance and enabling the emergence of
diseases. Although dental biofilm is composed of nume-
rous species of bacteria, it is believed that S. mutans is
involved in the early development of carious lesions (4).
Thus, orthodontic treatment success lies in correcting
occlusion in the best possible manner without, however,
affecting the preexisting health of teeth and supporting
tissues. Otherwise, treatment benefits may be questioned
(5). Orthodontic practice undergoes constant progress
with the use of new techniques and materials that benefit
both patients and practitioners (6). Attempts to inhibit the
development of carious lesions in orthodontic patients
have been focused on controlling the bacterial biofilm
around the brackets (3). During therapy, orthodontists
are also responsible for caries prevention (5).
Orthodontic appliance serves as different loci for biofilm
formation (7). In a study by Eliades et al. (8) stainless
steel presented the highest critical surface tension and
can be expected to have a higher plaque retaining capa-
city. Metallic orthodontic brackets have been found to
induce specific changes in the oral environment such as
reduced levels of PH and affinity of bacteria to a meta-
llic surface because of electrostatic reactions (9), also it
increased plaque accumulation, and elevated S. mutans
colonization. Nevertheless other studies on possible di-
fferences in the initial affinity and adherence of bacteria
on metal, ceramic, and plastic brackets over time were
inconclusive (10, 11). Therefore, it is difficult to make
a clear assessment that metal brackets have a lower ca-
riogenic effect on the teeth than plastic or ceramic brac-
kets.

The insertion of orthodontic wire tends to create new
surfaces available for plaque formation and therefore to
increase the level of microorganisms in the oral cavity.
It has long been suggested that orthodontic bands and
wires lead to an increased plaque accumulation and ele-
vated levels of streptococci and lactobacilli. In addition,
orthodontic patients with fixed appliances frequently
present an abundance of S. mutans in plaque compared
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with untreated orthodontic patients (12). Therefore, pre-
vention of bacterial attachment to orthodontic wires is a
critical concern for orthodontists.

Yeast of the Candida genus, albicans species, was analy-
zed because it is the most frequently found microorga-
nism in infections of the buccal mucosa. This yeast has
been proven to colonize on cement, enamel, and dentin,
which serve as a reservoir for the spread of infection
(13). Nevertheless, the yeast’s ability to survive on inert
surfaces needs to be further elucidated in order to un-
derstand its virulence and dissemination routes (14). S.
mutans was studied because of its well-documented role
in the pathogenesis of caries (15-17).

Although a number of studies have demonstrated the via-
bility of Candida albicans and S. mutans on removable
orthopedic appliances, little is known about their survi-
val on fixed orthodontic appliances (18). Also nowadays
with the advent of increased orthodontic treatment for
adult patients, especially females, and the use of esthe-
tic brackets and/or arch wires has become increasingly
popular, bringing about the need to address questions
regarding microorganism adherence and biofilm develo-
pment; therefore this study aimed to investigate the in-
fluence of different types of fixed orthodontic appliances
on the adherence of most effective microorganisms.

Material and Methods

- Experimental Groups and Microorganisms

Sixty- four of four different fixed orthodontic appliance-
samples were used in the present study. Experimental
groups were divided as follows: Group I: Sapphire brac-
kets- Coated wires (n =8), Group II: Sapphire brackets-
Stainless steel wires (n= 8), Group III: Stainless steel
brackets- Coated wires (n=8) and Group IV: Stainless
steel brackets- Stainless steel wires (n=8). All the brac-
kets used were for the right upper first premolar with
a 0.022 slot with hooks for the straight-arch technique.
All the arch wires used were 0.016x0.022 straight arch
wires.

Each type of brackets was ligated with 10mm of wire
using elastic ligature. The procedure was performed un-
der same condition using sterile straight point tweezers
(Bracket holder) with sterile artery forceps.

The following strains were studied: oral strains of S.
mutans and Candida albicans. S. mutans was seeded in
Todd Hewitt broth under anaerobic conditions at 37C°
for 24 hours (hr). Candida albicans was seeded in Sa-
boreau dextrose agar and incubated under aerobic con-
ditions at 37C° for 18 hr. Oral strains of S. mutans and
Candida albicans identified using biochemical test then
microbial suspensions were prepared to do the tests of
each microorganism.

- Anti-Microbial Effects of Fixed Orthodontic Applian-
ces on Growth of Microorganisms

This test was used to detect the anti-microbial effect of
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different fixed orthodontic appliance- samples on growth
of S. mutans and Candida albicans (in vitro). Brain heart
infusion agar was used in this test, 8 plates for each mi-
croorganisms, inoculated with microbial suspension
(S. mutans and Candida albicans) by using swabbing,
then different types of appliance- samples (4 samples
from each group) were placed in each Brain heart in-
fusion agar plate with a distance of S0mm between the
four appliance-samples to allow enough space for each
sample to reflect its anti-microbial effect on growth of
microorganism. After that all plates incubated at 37 C°
and examined after 24 hr and 48 hr. Inhibition zones
formed were measured in millimeter by using the digital
vernier.

- Adhesion Tests

This test was done by using glass test tubes. It was used
to detect the ability of S. mutans and Candida albicans
to adhere to smooth surface (glass test tubes) and to de-
tect the influence of different Fixed Orthodontic applian-
ce- samples on adherence of microorganisms (in vitro).
This test was done by adding Sml of tryptic soy broth
contain 20% sucrose for 8 tubes for each microorganism
in each experimental group. This medium was used gi-
ven that mutans streptococci produce glucans from su-
crose which allows adherence to the glass surface of the
test tube. Then each tube was inoculating with 0.5ml of
microbial suspension (S. mutans and Candida albicans),
after that the appliance-samples were transferred to each
tubes. The control tube contain only medium without
microbial suspension. The tubes were tilted at an angle
of 25° and incubated under microanaerobiosis at 37C°
for 2 days. After incubation, periodontents medium
of each tube were removed and tubes were stained by
adding 5ml of 0.1% safranin for 1 minute then the con-
tents of tubes were removed. Macroscopic observation
of the samples was performed and the results were read
as following:

Microorganisms and fixed orthodontic appliance.

Adherence was scored as low, medium, or high. Adhe-
rence was considered low when affine biofilm was ob-
served on the wall of the test tube and found to detach
completely on setting the tube upright. Partial detach-
ment of the biofilm was considered medium adherence,
and no detachment was considered as high adherence

().

Statistical Analysis

The results were expressed by measuring the inhibition
zone area formed around each appliance-sample in each
group in mm and the results of adhesion tests were ex-
pressed in non-numerical parameters. Statistical analy-
ses were performed including means and standard errors
of the mean for each group. One-way analysis of varian-
ce (ANOVA) with t- test was used for multiple compari-
sons. A value of P<0.05 was considered significant.

Results

- Anti-Microbial Effect Test

The results obtained under these experimental condi-
tions showed that the capacity of S. mutans and Candi-
da albicans to adhere to four different fixed orthodontic
appliance-samples was determined.

e S mutans

Table 1 shows the inhibition zone formed around the
four different orthodontic appliance- samples after 24 hr
and 48 hr, which showed that the largest inhibition zone
was found with type I then type II followed by type 111
and the smallest with type IV in both testing time.

To compare the inhibition zone among four types, ANO-
VA test was used and showed a high significant differen-
ce with all types (P<0.001). Least significant difference
test (LSD test) was used to compare between each two
types showed a high significant difference (P<0.01) ex-
cept between type III and IV showed no significant di-
fference (P>0.05) after 24 hr (Table 1).

Descriptive Type difference
. statistics ANOVA LSD
Time | Types
Mean | SD F-test P I-1I I-1II I-1Iv | 1II-11 | 1-1v | m-1v
value
1 20.77 | 0.69
11 15.77 | 0.46 0.000 | 0.000 | 0.000 | 0.000 [ 0.000 | 0.000 | 0.57
24 hr 111 0.69 | 0.44 3164.89 o o *E o o o NS
v 0.54 | 0.45
1 15.20 | 0.72
11 11.21 | 0.85 0.000 | 0.000 | 0.000 | 0.000 | 0.009 | 0.000 | 0.000
v 6.30 | 0.69

The values are given as mean and Standard Deviation (SD).

(NS): Non-Significant (p < 0.05), (*): Significant Difference (p < 0.05), (**): Highly Significant Difference (p < 0.01).
Table 1. Inhibition zone formed with S. mutans using different types of fixed orthodontic appliance.
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To compare between the inhibition zone formed after 48
hr around each type, t-test was used and showed a high
significant reduction in the inhibition zone with type I
and II and a high significant increment with type III and
IV (P<0.001) in comparison to those after 24 hr, (Table
2).

Types| Time Descriptive statistics | Time difference

Mean SD t-test | p-value
e
R e e e
T A e ey
e

(**): Highly Significant Difference (p < 0.01).

Table 2. Time difference in the inhibition zone formed with S. mutans
using different types of fixed orthodontic appliance.

*  Candida albicans

The inhibition zone formed by Candida albicans, after
24 hr, is largest with type I then type II followed by type
IIT and smallest with type 1V, whereas after 48 hr, the

Microorganisms and fixed orthodontic appliance.

largest inhibition zone occurred with type I, then type
111 followed by type II and the smallest with type 1V,
(Table3).

Comparison among four different types of fixed or-
thodontic appliance was done using ANOVA test which
showed a high significant difference (P<0.01) with all
types and in both testing time. LSD- test was done to
compare between each two groups and reveal that, after
24 hr, type 1 differs significantly from type II (P<0.05)
and highly significantly from type III and IV. Type II
differs significantly from type I (P<0.05) and insignifi-
cantly (P>0.05) from type III and IV. Type III and IV
show a high significant difference (P<0.01) with type I
and no significant difference with the others (P>0.05).
After 48 hr, LSD test show no significant difference
(P>0.05) between type I and II1, and between type Il and
III. Significant difference (P<0.05) was found between
type Il and IV, and a high significant difference (P<0.01)
between the remaining groups has been noticed.

For time difference, t-test was applied and showed that
the inhibition zones formed by the Candida albicans
after 48 hr are insignificantly larger (P>0.05) than tho-
se formed after 24 hr with all appliances type except
with type III appliance which is statistically significant
(P<0.05), (Table 4).

Descriptive Types difference
Time | Types statistics ANOVA LSD
Mean | SD | F-test | p-value I-11 I-111 I-1v | 1I-111 | 1I-1v | HII-1v
1 2.38 | 0.65
11 1.71 0.39 0.001 0.013 | 0.001 | 0.000 | 0.33 0.07 0.38
24 hr 7.73
11 1.46 | 0.49 o * o o NS NS NS
v 1.23 | 0.46
1 2.77 | 0.68
11 1.97 | 0.53 0.000 0.006 | 0.13 | 0.000 | 0.16 0.03 0.001
48 hr 111 2.36 | 0.44 1022 o o NS o NS * o
v 1.36 | 0.44

(NS): Non-Significant (p < 0.05), (*): Significant Difference (p < 0.05), (**): Highly Significant Difference (p < 0.01).
Table 3. Inhibition zone formed with Candida albicans using different types of fixed orthodontic appliance.

Tvpes Time Descriptive statistics Time difference
P Mean SD t-test p-value
| 24 hr 2.38 0.65 L18 0.26
48 hr 2.77 0.68 - NS
24 hr 1.71 0.39 0.27
1T -1.1
48 hr 1.97 0.53 > NS
24 hr 1.46 0.49 0.002
n 48 hr 2.36 0.44 384 4
24 hr 1.23 0.46 0.59
I -0.
v 48 hr 1.36 0.44 055 NS

(NS): Non-Significant (p < 0.05), (**): Highly Significant Difference (p < 0.01).

Table 4. Time difference in the inhibition zone formed with Candida albicans using different types of

fixed orthodontic appliance.
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- Adhesion Test

The adhesion test, which is classified into low, medium
and high, showed that the adhesion of S. mutans, using
Chi-Square is low with type I and II, medium with type
III and high with type IV in 100% of the sample used
with a high significant differences (P< 0.001), (Fig. 1).

I
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Fig. 1. Adhesion test of S. mutans with different types of orthodontic
appliance.
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Fig. 2. Adhesion test of Candida albicans with different types of or-
thodontic appliance.

On the other hand, Chi-Square for the Candida albicans
adhesion test showed that it is medium with both type
I and II and high with both type III and IV with a high
significant differences (P< 0.001), (Fig. 2).

Discussion

Knowledge of the growth and adhesion of cariogenic
streptococci and candida albicans to orthodontic mate-
rials will highlight a better way of preventing enamel de-
mineralization and white spot formation. This study will
provide a primary step in identifying a mean to interfere
with the process of growth and adhesion of pathoge-

Microorganisms and fixed orthodontic appliance.

nic bacteria to the pellicle or plaque on the orthodontic
appliances.

Direct comparisons of results with different studies must
take into consideration the different methodologies used
to examine this interaction between bacteria and hard
surface. The most important factor that may explain the
differences of the present study with the previous studies
is the combination of bracket, arch wire and elastic to-
gether to simulate the fixed orthodontic appliance inside
the patient mouth, which may provide more retentive
surface for the formation of dental plaque.

The antimicrobial effect of materials was also exami-
ned. Manufacturers usually provide information about
the physical properties of the materials, but often fail to
include information about their antimicrobial properties
().

In this study a significant difference in the inhibition zo-
nes formed with four types of the appliances used with
both S. mutans and Candida albicans, the highest inhi-
bition zone was found with type I, followed by type 11
then type III and the lowest with type IV, this mean that
type I which include no metal in its component can in-
hibit the bacteria and yeast more than type 11 which has
metal arch wire which in turn inhibit bacteria and yeast
more than type III that has metal bracket which inhibit
bacteria more than type IV that has metal bracket and
arch wire.

On the other hand, after 48 hr incubation period, the in-
hibition zone formed with types I and II were decreased
whereas those with types I1I and IV were increased, this
mean that the effect of less metal components orthodon-
tic appliance (type I and II) on the microbial inhibition
was reduced with time in contrast to those with more
metal components (type Il and IV) showed more mi-
crobial inhibition with time. This could be related to the
effect of components of sapphire brackets in types I and
IT and material coating the arch wire in type I.

The inhibition zone findings can explain the results of
the adhesion test with different appliance types, which
showed that the highest adhesion occurred with type IV
followed by type III then type II and I, this mean that
the weakest appliance in inhibiting the microorganisms
(type IV) showed the highest bacterial adherence, whe-
reas the strongest appliance in inhibiting microorganisms
(type 1) showed the lowest bacterial adhesion. Also the
same adhesion pattern occurred with Candida albicans
but with more adherences giving medium score in types
I and II, and high score in types Il and I'V.

The differences in the bacterial adhesion amount can be
explained by the difference in the surface characteris-
tics of each material, including the surface roughness.
Since the monocrystalline sapphire brackets (used in ty-
pes I and II) had smoother surfaces than metal brackets
(used in types III and IV) this could be confirmed by the
findings of Lee et al. (19) who found smoother surface
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of sapphire than metal bracket in their study, therefore
more bacterial adhesion was seen with type III and the
most with type IV and this disagree with the findings of
Fournier et al. (10) , who found that the affinity of mi-
croorganism for metal brackets was significantly lower
than that for brackets made of plastic or porcelain, others
like Papaioannou et al. (20) found that there is no signi-
ficant difference in the adhesion of S. mutans to stainless
steel, plastic and ceramic orthodontic brackets, but they
used only brackets not as appliance sample used in the
present study. Also Eliades et al. (8) found more micro-
organism attachment to mellatic brackets than others,
whereas Gastel et al. (7) found less adhesion of microor-
ganisms to metal bracket than others, but they used ce-
ramic brackets so their results cannot compared directly
with this study.

Yeast, Candida albicans species, was analyzed in this
study because it is the most frequently found microorga-
nism in infections of buccal mucosa. In this study Can-
dida albicans showed more adherence than S. mutans
with all types of appliances used, and its adherence to
metallic appliances is higher than those with esthetic
appliances and this disagree with the findings of Brusca
et al. (1) who found metallic brackets decrease yeast ad-
herence and composite brackets facilitated it.

This study finds that:

The capacity of microorganisms to adhere and grow is
dependent on the materials of the orthodontic appliance
used.

Appliance with high esthetic appearance, sapphire brac-
kets and coated arch wire, showed the least adherence of
S. mutans and Candida albicans in comparison to other
appliances with less esthetic and more metal compo-
nents.

Conflict of Interest

There are no conflicts of interest between us or anyone,
and the research was submitted for scientific purpose
only.

References

1. Brusca MI, Chara O, Sterin-Borda L, Rosa AC. Influence of diffe-
rent orthodontic brackets on adherence of microorganisms in vitro.
Angle Orthod. 2007;77:331-6.

2. Lee SJ,Kho HS, Lee SW, Jang WS. Experimental salivary pellicles
on the surface of orthodontic materials. Am J Orthod Dentofacial
Orthop. 2001;119:59-66.

3. Derks A, Katsaros C, Frencken JE, van’t Hof MA, Kuijpers- Jag-
tman AM. Caries-inhibiting effect of preventive measures during
orthodontic treatment with fixed appliances. A systematic review.
Caries Res. 2004;38:413-20.

4. Petersson LG, Maki Y, Twetman S, Edwardsson S. Mutans strep-
tococci in saliva and interdental spaces after topical applications of
an antibacterial varnish in schoolchildren. Oral Microbiol Immu-
nol. 1991;6:284-7.

5. Zimmer BW, Rottwinkel Y. Assessing patient-specific decalcifica-
tion risk in fixed orthodontic treatment and its impact on prophylac-
tic procedures. Am J Orthod Dentofacial Orthop. 2004;126:318-
24.

edl

Microorganisms and fixed orthodontic appliance.

6. Bishara SE, Damon PL, Olsen ME, Jakobsen JR. Effect of applying
chlorhexidine antibacterial agent on the shear bond strength of or-
thodontic brackets. Angle Orthod. 1996;66:313-6.

7. van Gastel J, Quirynen M, Teughels W, Pauwels M, Coucke W,
Carels C. Microbial adhesion on different bracket types in vitro.
Angle Orthod. 2009;79:915-21.

8. Eliades T, Eliades G, Brantley WA. Microbial attachment on or-
thodontic appliances: 1. Wettability and early pellicle formation on
bracket materials. Am J Orthod Dentofacial Orthop. 1995;108:351-
60.

9. Mitchell L. Decalcification during orthodontic treatment with fixed
appliances-an overview. Br J Orthod. 1992;19:199-205.

10. Fournier A, Payant L, Bouclin R. Adherence of Streptococcus
mutans to orthodontic brackets. Am J Orthod Dentofacial Orthop.
1998;114:414-7.

11. Ahn SJ, Kho HS, Lee SW, Nahm DS. Roles of salivary proteins in
the adherence of oral streptococci to various orthodontic brackets.
J Dent Res. 2002;81:411-5.

12. Corbett JA, Brown LR, Keene HJ, Horton IM. Comparison of
Streptococcus mutans concentrations in non-banded and banded
orthodontic patients. J Dent Res. 1981;60:1936-42.

13.Sen BH, Safavi KE, Spangberg LS. Colonization of Candida al-
bicans on cleaned human dental hard tissues. Arch Oral Biol.
1997;42:513-20.

14. Traore O, Springthorpe VS, Sattar SA. A quantitative study of the
survival of two species of Candida on porous and non-porous envi-
ronmental surfaces and hands. J Appl Microbiol. 2002;92:549-55.

15. Sansone C, van Houte J, Joshipura K, Kent R, Margolis HC. The
association of mutans streptococci and non—mutans streptococci
capable of acidogenesis at low pH with dental caries on enamel
and root surfaces. J Dent Res. 1993;72:508-16.

16. Macpherson LMD, MacFarlane TW, Geddes DAM, Stephen KW.
Assessment of the cariogenic potential of Streptococcus mutans
and its relationship to in vivo caries experience. Oral Microbiol
Immunol. 1992;7:142-7.

17. Marcotte H, Lavoie MC. Oral microbial ecology and the role of
salivary immunoglobulin A. Microbiol Mol Biol Rev. 1998; 62:71-
109.

18. Bialasiewicz D, Kurnatowska A, Smiech-Slomkowska G. Charac-
teristics of fungi and attempts of their elimination from the oral
cavity in children treated with orthodontic appliances. Med Dosw
Mikrobiol. 1993;45:389-92.

19.Lee SP, Lee SJ, Lim BS, Ahn SJ. Surface characteristics of or-
thodontic materials and their effects on adhesion of mutans strep-
tococci. Angle Orthod. 2009;79:353-60.

20. Papaioannou W, Gizani S, Nassika M, Kontou E, Nakou M. Adhe-
sion of Streptococcus mutans to different types of brackets. Angle
Orthod. 2007;77:1090-5.



