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Effect of bracket type on halitosis, periodontal status, and

microbial colonization

Ruhi Nalçacıa; Yener Özatb; Serpil Çokakoğluc; Hakan Türkkahramand; Süleyman Önale;
Selçuk Kayaf

ABSTRACT
Objective: To determine the effect of bracket type on halitosis, periodontal status, and microbial
colonization.
Materials and Methods: Forty-six patients scheduled for fixed orthodontic treatment (age 11–
16 years) were selected from the orthodontic department of Suleyman Demirel University. Patients
were divided into two groups with random distribution of brackets; 23 patients were treated with
self-ligating brackets (group SLBs), the others with conventional brackets (group CBs). Halitosis
measurements and periodontal and microbial records were obtained before the placement of
brackets (T0), 1 week later (T1), and 5 weeks after bonding (T2). Periodontal parameters, including
plaque index (PI), gingival index (GI), and bleeding on probing index (BOP), were obtained from all
the bonded teeth. Halitosis measurements were performed at the same time. Microbial samples
were obtained from the buccal surfaces of all the bonded teeth. Data were analyzed by using a
repeated-measurement analysis of variance test for the comparison of parameters between groups
and times.
Results: Periodontal parameters and halitosis results were higher in the CBs group than in the
SLBs group (P , .05). In the SLBs group, halitosis and BOP values revealed no pronounced
changes between T1 and T2 (P . .05). Intra- and intergroup comparisons showed that there were
no statistically significant differences for microbial colonization between all the time intervals
(P . .05).
Conclusion: Bracket type has an effect on halitosis and periodontal status. Therefore, self-ligating
brackets may be advised in order to prevent patients from developing halitosis and to increase the
likelihood of good oral hygiene during orthodontic treatment. (Angle Orthod. 2014;84:479–485.)
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INTRODUCTION

Halitosis is defined as breath that is offensive to
other people.1 Because bad breath can connect or
disconnect an individual from the social environment, it
plays an important role in self-image and social
interaction.2 Halitosis is estimated to affect about
50% of the population, with varying degrees of
intensity and etiology.3 If halitosis originates from the
oral cavity, it is known as oral malodor.4 Oral malodor
is mainly caused by volatile sulfur compounds (VSCs)
that are produced by a putrefactive process that
occurs within the oral cavity.5 The primary causative
pathogens are Gram-negative anaerobic bacteria that
produce the VSCs by metabolizing different cells/
tissues located in saliva, dental plaque, and gingival
crevicular fluid. Moreover, the periodontal pocket is an
ideal environment for the production of VSCs with
respect to the bacterial and sulfur source.6
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Orthodontics, Faculty of Dentistry, Suleyman Demirel University,
32260 Isparta, Turkey
(e-mail: ruhinalcaci@yahoo.com)
(e-mail: ruhinalcaci@gmail.com)

Accepted: September 2013. Submitted: June 2013.
Published Online: November 4, 2013
G 2014 by The EH Angle Education and Research Foundation,
Inc.

DOI: 10.2319/061913-461.1 479 Angle Orthodontist, Vol 84, No 3, 2014



Fixed orthodontic appliances are associated with
increased risk of enamel demineralization, plaque
accumulation, bacterial colonization, and gingival
inflammation.7–11 Furthermore, the correlation between
plaque accumulation and halitosis is clearly demon-
strated in the literature.12 In a recent study, Babacan et
al.13 investigated the effect of fixed appliances on oral
malodor. These authors stated that oral malodor tends
to increase after bracket placement and advised that
halitosis be added to the list of risks in fixed appliance
therapy.

Parallel to metallurgic improvements in orthodontics,
manufacturers presented self-ligating brackets (SLBs)
to overcome the side effects of conventional brackets
(CBs). In addition to the reduced chair time and
biomechanical advantages of SLBs, the possibility of
better oral hygiene owing to reduced complexity and
fewer retentive sites for microbial colonization is a
favorable aspect of SLBs.

Previous studies have demonstrated the effect of
fixed orthodontic appliances on halitosis,13 periodontal
status, and microbial colonization.14–18 However, to our
knowledge, no study has evaluated the effect of
bracket type on halitosis.

The aim of this prospective clinical study was to
compare the halitosis measurements, periodontal
status, and microbial colonization parameters of
patients treated with SLBs and CBs. The null
hypothesis assumed that bracket type has no effect
on these parameters.

MATERIALS AND METHODS

Ethical approval was obtained from the Ethical
Committee of the Faculty of Medicine, Suleyman
Demirel University. The study population was com-
posed of 46 patients scheduled for fixed orthodontic
treatment. Patients were included based on the
following criteria: (1) permanent dentition with good
general health; (2) mild to moderate crowding of teeth;
(3) free of dental plaque, with absence of periodontal
diseases such as gingival inflammation; (4) motivation
to maintain good oral hygiene; (5) no previous
orthodontic treatment; (6) no usage of antibiotics in
the 3 months before the beginning of the study; and (7)
absence of active caries lesions. Additionally, none of
the patients had otolaryngologic or systemic problems.

All patients received oral hygiene instructions to
carry on their standard oral hygiene procedure before
the study. Patients were divided into two groups
randomly. Twenty-three patients (11 female and 12
male; mean age, 14.48 6 1.27 years) in the SLBs
group were treated with SLBs (Damon Q; Ormco,
Glendora, Calif); 23 in the CBs group (13 female and
10 male; mean age, 13.30 6 1.61 years) were treated

with CBs (Mini Taurus; Rocky Mountain Orthodontics,
Denver, Colo) with elastomeric ligatures. The distribu-
tion of the average age and gender of the groups is
summarized in Table 1.

Halitosis measurements and microbial and peri-
odontal records were obtained in each group at T0, T1,
and T2 by the same periodontist. All patients were
instructed to brush their teeth after dinner the evening
before the first measurements were taken and then
refrain from eating and drinking until the appointment
next morning. They were also requested to avoid spicy
foods, onions, and garlic for 48 hours prior to the
appointment. After obtaining first records, the study
groups were bonded immediately in one session.

Halitosis Measurements

A Halimeter (Interscan Corp, Chatsword, Calif) was
used to evaluate halitosis. Halitosis values were
divided into four categories and classified as normal
(0–100 ppb), weak (101–150 ppb), strong (151–
300 ppb), or very strong ($301 ppb).19

Before Halimeter measurements, each patients had
to keep the mouth closed for a short period of time (1–
2 minutes). Then, a plastic straw connected to the
Halimeter was inserted into the patient’s slightly
opened mouth. The straw was not supposed to touch
the lips, teeth, or internal surface of the mouth. The
peak value was recorded.

Periodontal Measurements

To assess oral hygiene, gingival index (GI),20 plaque
index (PI),21 and bleeding on probing (BOP)22 scores
were recorded. Gingival inflammation was recorded as
a BOP score if bleeding occurred within 30 seconds of
probing. BOP was estimated as a percentage.

Amount of Microbial Colonization

Microbial samples taken from the buccal surfaces of
all bonded teeth were cultured and analyzed in the
Department of Clinical Microbiology. The plaque
sample was placed in 4 mL of Stuart transport medium
(Merck, Darmstadt, Germany). Serial 10-fold dilutions
of the transport medium with the sample of plaque
were prepared as 1024- and 0.1-mL samples and were
inoculated on blood agar for numbers of total bacteria
and on Mitis-Salivarius agar (Difco Laboratories Inc,
Detroit, Mich) containing 0.001% of Chapman Tellurite
solution (Difco), 150 g sucrose, and 3.33 mg bacitracin
(Sigma Diagnostics, St. Louis, Mo) per liter agar for
number of Streptococcus mutans. The agar plates
were incubated for 48 hours at 37uC in anaerobic jars.

Subsequently, colonies were counted under a
stereomicroscope. In addition, serial 10-fold dilutions
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were prepared as 1023- and 0.1-mL samples and were
inoculated on two Rogosa agar plates for number of
lactobacilli. Both plates were incubated for 48 hours at
37uC, one plate in aerobic conditions and the other in
an anaerobic jar. The number of colonies was then
determined under a stereomicroscope. Results are
expressed as colony-forming units per milliliter.

Statistical Analysis

Power analysis showed that for a power of 0.80, 20
patients would be required for each group.

The records were statistically analyzed by using
SPSS (version 17.0; SPSS Inc, Chicago, Ill). The
Kolmogorov-Smirnov test was applied to test for
normal distribution. Results of bacteria counts were
log transformed. Repeated-measurement analysis of
variance was used for the comparison of parameters
between groups and times. If there was any evidence
of a statistically significant difference between param-
eters, the Bonferroni test was used to compare within
times. All tests were performed with a significance
level of P , .05.

RESULTS

There was no significant age difference between
groups (Table 1). The mean values of halitosis, GI, PI,
BOP, and microbial colonization parameters are given
in Tables 2 through 6. The onset comparison of
halitosis values and periodontal and microbial param-
eters for the two groups revealed no significant
differences that verify the random assignment of
brackets to the population sample.

Halitosis Measurements

Intragroup evaluation showed that in the SLBs
group, halitosis values significantly increased after
bonding (T0–T1; P , .05). However, there were no
significant differences between halitosis values 1 week
and 5 weeks after bonding (T1–T2; P . .05). The
halitosis values were stable after bonding in the SLBs
group. In the CBs group, statistically pronounced
increases between all the time intervals and halitosis
values showed significant differences between T0–T1,
T1–T2, and T0–T2 (P , .05). Halitosis values
increased with time (Table 2).

Intergroup evaluation showed that there were no
statistical differences in halitosis measurements be-
tween the SLBs and CBs groups at T0. T1 measure-
ments of the two groups were similar, with a slight
increase in the CBs group (P . .05). However, T2
halitosis values of the CBs group were significantly
increased when compared with those of the SLBs
group (P , .05; Table 2).

Periodontal Measurements

For GI and PI, both groups showed significant
differences with time. These parameters were signif-
icantly increased in all groups (P , .05). The
intergroup comparison of GI and PI measurements
showed significant differences at the T2 period (P ,

.05; Tables 3 and 4). However, GI and PI values of the
SLBs group were lower. The BOP values of both
groups showed significant differences at all the time
intervals, but in the SLBs group, there were no
significant differences between the T1 and T2 periods

Table 1. The Distribution of the Average Age (Years) and Gender of the Groupsa

n

Female/

Percentage, n (%)

Male/

Percentage, n (%) P * Age, mean 6 SD P **

Group SLBs 23 11 (48) 12 (52) .07 14.48 6 1.27 .009

Group CBs 23 13 (56) 10 (44) 13.30 6 1.61

a SD indicates standard deviation; SLBs, self-ligating brackets; CBs, conventional brackets.

* x2 significance level.

** t-test significance level.

Table 2. Comparison of Mean Halitosis Scores of Groups at Three Evaluation Times (T0, T1, and T2) and Changes Between Timesa

T0 T1 T2 Significance Between

Mean 6 SD Mean 6 SD Mean 6 SD T0–T1 T0–T2 T1–T2

Group SLBs 43.70 6 2.20 56.00 6 2.96 59.10 6 3.62 * * NS

Group CBs 41.78 6 1.77 60.32 6 2.94 88.2 6 3.85 * * *

P value .501 NS .308 NS .001*

a T0 indicates before the placement of brackets; T1, 1 week after bracket placement; T2, 5 weeks after bonding; SD indicates standard

deviation; SLBs, self-ligating brackets; CBs, conventional brackets; NS, not significant.

* Significant at P , .05.
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(P . .05). Further, the intergroup comparison of BOP
values at the T2 period showed significant differences
with the lower BOP values in the SLBs group
(Table 5).

Amount of Microbial Colonization

The mean and standard deviation of log-total
bacteria, anaerobic and aerobic lactobacilli, and S
mutans counts per milliliter are shown in Table 6. Both
intra- and intergroup comparisons showed no signifi-
cant differences between any time intervals for
microbial colonization.

DISCUSSION

Fixed orthodontic appliances impede oral hygiene
by creating new, retentive sites suitable for plaque
accumulation and lead to an increase in gingival
inflammation, halitosis, and enamel demineraliza-
tion.11,13,23,24 Previous studies have revealed that the
presence of gingivitis or periodontitis increases the risk
of developing halitosis.6,25,26 However, the contribution
of different bracket types to halitosis has not been
evaluated yet in the literature. Additionally, only a
limited number of studies have surveyed the effects of
the usage of SLBs on bacterial aggregation and
periodontal condition.24,27

Patient cooperation, motivation for oral hygiene
procedures, and eating habits can change with time.
Therefore, based on previous studies, final measure-
ments were obtained 5 weeks after bonding.11,13,24

Similarly, elastomeric ligatures (the most common
method for archwire ligation) were chosen for com-
parison with the SLBs.24,27

Halitosis Measurements

In both groups, halitosis values significantly in-
creased after bonding, with lower values in the SLBs
group. Halitosis values kept increasing in the CBs
group after bonding, but in the SLBs group, they
increased immediately after bonding then remained
stable. Furthermore, T2 halitosis values of the CBs
group increased significantly when compared with
those of the SLBs group (P , .05; Table 1).

Only some have studied the relationship between
halitosis and fixed orthodontic appliances. Babacan et
al.13 evaluated the effect of fixed orthodontic treatment
on oral malodor. They compared halitosis values of
patients treated with conventional fixed orthodontic
appliances with those of untreated controls. Measure-
ments were taken before bonding and 1 and 4 weeks
after bonding. The authors found significant increases
in halitosis measurements after bonding, which is
similar to our study. As in our CBs group, halitosis kept
increasing with time.

McKeown2 stated that body image, self-esteem, and
social interactions influence each other. Moreover,
breath odor is a dynamic and interactive part of self-
image that might be value-coded as bad. The study also
indicated that when an individual senses a constant
bad-breath problem, that person seeks defense tech-
niques and may avoid social circumstances and
relations that affect a person’s well-being. Improved
lifestyles, patient awareness, and methods that provide
better esthetic appearance during treatment have led to
an increase in the demand for adult orthodontic
treatment.28 In our study, the SLBs group showed lower
and more stable halitosis parameters after bonding.
Since halitosis is an important part of self-image, we

Table 3. Comparison of Mean Plaque Index Scores of Groups at Three Evaluation Times (T0, T1, and T2) and Changes Between Timesa

T0 T1 T2 Significance Between

Mean 6 SD Mean 6 SD Mean 6 SD T0–T1 T0–T2 T1–T2

Group SLBs 0.46 6 0.06 0.60 6 0.07 0.66 6 0.08 * * *

Group CBs 0.41 6 0.05 0.60 6 0.06 0.94 6 0.09 * * *

P value .511 NS .967 NS .030*

a T0 indicates before the placement of brackets; T1, 1 week after bracket placement; T2, 5 weeks after bonding; SD indicates standard

deviation; SLBs, self-ligating brackets; CBs, conventional brackets; NS, not significant.

* Significant at P , .05.

Table 4. Comparison of Gingival Index Scores of Groups at Three Evaluation Times (T0, T1, and T2) and Changes Between Timesa

T0 T1 T2 Significance Between

Mean 6 SD Mean 6 SD Mean 6 SD T0–T1 T0–T2 T1–T2

Group SLBs 0.36 6 0.05 0.48 6 0.07 0.53 6 0.07 * * *

Group CBs 0.36 6 0.06 0.63 6 0.67 1.05 6 0.10 * * *

P value .934 NS .141 NS .001*

a T0 indicates before the placement of brackets; T1, 1 week after bracket placement; T2, 5 weeks after bonding; SD indicates standard

deviation; SLBs, self-ligating brackets; CBs, conventional brackets; NS, not significant.

* Significant at P , .05.
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offer SLBs particularly to adult patients, who are in the
public eye to a greater extent than are juvenile patients.

Neiders and Ramos29 mentioned that sediments of
oral microorganisms of plaque on teeth or in periodontal
pockets could contribute to bad breath. It has been
reported13 that the production of VSCs occurs after 8 to
14 hours of maturation of plaque deposits. Protected
plaque in interproximal sites produced substantial odors
and was associated with overall levels of VSCs.13

Periodontal Measurements

Although all patients received routine oral hygiene
education, the GI and PI parameters showed signifi-
cant differences among the times in both groups (P ,

.05). However, in the SLBs group, the BOP values
were stable after bonding. These results are consistent
with the previous studies that suggest a strong
relationship between fixed appliance therapy and
periodontal condition.11,15,30

The increase in the values of the periodontal param-
eters during the treatment is probably a consequence of

the plaque-retentive effect of CBs that hinders mainte-
nance of good oral hygiene. Consistent with our results,
Pellegrini et al.24 suggested a higher retention of plaque
accumulation on CBs ligated with elastomeric ligature
than on SLBs. To the contrary, Pejda et al.27 and Pandis
et al.31 have reported that there is no difference in
plaque aggregation between SLBs and CBs. In fact, our
results could have been affected by the study design,
such as the type of SLBs, study population, age, and
different statistical analyses.

Pandis et al.31 stated that although the SLBs eliminate

the need for elastics, the mechanisms of these brackets
may provide additional plaque-retention spaces. In

addition, the authors have suggested that the compo-
nents of SLBs are not subjected to regular renewal such

as in elastomeric modules. Thus, a theoretical advan-

tage may be eliminated in reality, where calcification of
the plaque leads to obstacles in the functioning of the

opening-closing mechanism. In our study, the SLBs
group showed better values for the periodontal param-

eters, probably corresponding with the SLB type used.

Table 5. Comparison of Bleeding on Probing Scores of Groups at Three Evaluation Times (T0, T1, and T2) and Changes Between Timesa

T0 T1 T2 Significance Between

Mean 6 SD Mean 6 SD Mean 6 SD T0–T1 T0–T2 T1–T2

Group SLBs 0.08 6 0.007 0.11 6 0.11 0.13 6 0.02 * * NS

Group CBs 0.06 6 0.006 0.11 6 0.008 0.21 6 0.04 * * *

P value .068 NS .092 NS .039*

a T0 indicates before the placement of brackets; T1, 1 week after bracket placement; T2, 5 weeks after bonding; SD indicates standard

deviation; SLBs, self-ligating brackets; CBs, conventional brackets; NS, not significant.

* Significant at P , .05.

Table 6. Comparison of Mean Bacterial Counts of Groups at Three Evaluation Times (T0, T1, and T2) and Changes Between Timesa

T0 T1 T2 Significance Between

Mean 6 SD Mean 6 SD Mean 6 SD T0–T1 T0–T2 T1–T2

Total bacteria

Group SLBs 3.24 6 2.17 3.87 6 1.99 3.43 6 2.07 NS

Group CBs 3.15 6 1.81 3.86 6 2.45 3.85 6 2.35 NS

P value 0.877 NS 0.983 NS 0.525 NS

Anaerobe lactobacilli

Group SLBs 0.32 6 1.06 0.24 6 1.04 0.56 6 1.40 NS

Group CBs 0.13 6 0.63 0.10 6 0.50 0.44 6 1.12 NS

P value 0.472 NS 0.568 NS 0.738 NS

Aerobe lactobacilli

Group SLBs 0.32 6 1.06 0.22 6 1.04 0.56 6 1.40 NS

Group CBs 0.13 6 0.63 0.10 6 0.05 0.44 6 1.12 NS

P value 0.471 NS 0.671 NS 0.738 NS

Streptococcus mutans

Group SLBs 2.81 6 2.01 3.19 6 2.09 2.17 6 2.36 NS

Group CBs 1.86 6 1.99 1.41 6 2.12 1.02 6 1.74 NS

P value 0.115 NS 0.070 NS 0.068 NS

a All mean and SD values should be multiplied by 105 to provide corrected values. T0 indicates before the placement of brackets; T1, 1 week

after bracket placement; T2, 5 weeks after bonding; SD indicates standard deviation; SLBs, self-ligating brackets; CBs, conventional brackets;

NS, not significant.

* Significant at P , .05.
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Amount of Microbial Colonization

Numerous studies have suggested that bonding of
orthodontic appliances leads to an increase in the
amount of cariogenic microorganisms.11,14–18,23,24,32–34

Only some studies compare SLBs with CBs for
microbial colonization after bonding.32–34 Nonetheless,
these studies have showed conflicting results. Thus,
this topic remains controversial.

Pejda et al.,27 Pandis et al.,31 and Buck et al.32 have
stated that bracket type does not affect microbial
colonization on the dental plaque or saliva. Similarly,
our results have demonstrated no significant differenc-
es in the number of total bacteria, S mutans, and
lactobacilli in the dental plaque between the SLBs and
CBs groups. In addition, the changes in the quantum of
microbial colonization of each group at all of the time
intervals were not significant.

Contrary to our results, several studies have found
better microbial colonization in the SLBs group,
whereas some have found better scores for the CBs
group. Pellegrini et al.24 demonstrated higher total
bacteria and oral S mutans colonization in the CBs
group at both 1 and 5 weeks after bonding. Similarly, in
a recent study, Mummola et al.33 stated that the CBs
showed statistically significantly higher lactobacilli
colonization when compared to that of subjects treated
with SLBs. However, Pithon et al.34 reported greater
bacterial accretion on the SLBs than on the CBs
ligated with elastic ligature. Likewise, in an in vitro
study, Garcez et al.35 indicated that there was less
supragingival biofilm on the CBs ligated with stainless
steel ligature than on the SLBs. All these conflicting
results can be attributed to the differences in the study
models, material and methods, studied bacteria,
individual differences, and statistical analysis.

Pellegrini et al.24 stated that while the results reveal
fewer plaque bacteria surrounding the SLBs, the
mechanics of elastomeric chains or related auxiliaries
with these appliances might probably cancel out the
favorable effects of SLBs, probably also diminishing
other claimed benefits, such as reduced friction and
lower force distribution. Therefore, these aspects
should be considered by the orthodontist before using
elastomers over the SLBs to satisfy patient requests
for colored elastics or when elastomeric chains are to
be placed for extended periods, as in space-closing
mechanics.

CONCLUSIONS

N The null hypothesis was partially rejected; SLBs
positively affected halitosis and periodontal status
but did not alter microbial colonization.

N CBs led to an increase in halitosis with the accretion
of plaque accumulation. Therefore, these brackets

with elastomeric ligatures are not recommended for
use in patients with poor oral hygiene or individuals
prone to bad breath.

N SLBs could be considered for enabling better oral
health and hygiene.
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