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Purpose: To compare the microbial flora, alkaline phosphatase (ALP) and interleukin-8 (IL-
8) levels during orthodontic treatment with self-ligating brackets versus conventional
brackets.

Patients and methods: Forty patients were included in this study and distributed equally
between two groups. One group received conventional edgewise brackets while the other
group received DAMON self-ligating brackets. Periodontal parameters were recorded and
biochemical and microbial analyses were conducted before bonding (baseline), and 14, 30,
and 45 days after bonding. Paired #-test was performed to estimate the intergroup differences
from the baseline at the various time points; unpaired f-test was used for intragroup
comparisons.

Results: A significantly higher prevalence of gram-negative as well as gram-positive
microorganisms was found in the group with conventional brackets than that with self-
ligating brackets. Alkaline phosphatase (ALP) activity and interleukin-8 (IL-8) levels were
significantly higher in the gingival crevicular fluid of the group with conventional brackets
than that with self-ligating brackets.

Conclusion: The conventional bracket-ligature technique exhibited an increase in IL-8
levels, ALP activity, and microbial colonization compared with that of the self-ligature
technique. Accordingly, self-ligating brackets are recommended in orthodontic patients to
improve periodontal health and minimize damage outcomes of periodontal tissue
interventions.

Keywords: dentistry, orthodontics, alkaline phosphatase, jnterlukin-8, orthodontic tooth
movement, periodontal parameters

Introduction

Tooth movement during orthodontic treatment occurs due to tissue remodeling
driven by the host inflammatory response. Orthodontic tooth movement is accom-
panied by the release of numerous regulatory molecules, such as cytokines.'
Cytokines are classified as proinflammatory and anti-inflammatory and considered
as key mediators of tissue remodeling. Elevated concentrations of cytokines, such
as interleukin-6 (IL-6), IL-1b, IL-8, tumor necrosis factor-a (TNF-a), epidermal
growth factor, and b2 microglobulin, are observed during orthodontic tooth
movement.' > The release of IL-6 and IL-8 in the periodontal ligament (PDL) in
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turn triggers a host immune response distinguished by the
chemoattraction of immune cells to clear cellular debris
and assist in the re-establishment of the periodontal archi-
tecture in the initial phase and tooth movement in an
advanced stage.* Furthermore, an upregulation of IL-17
and IL-23 follows the application of force at the compres-
sion sites.® A similar finding has been demonstrated for
prostaglandin E and IL-1b.”

The biochemical mediators expressed during orthodon-
tic tooth movement can be isolated from gingival crevicu-
lar fluid (GCF). GCF is a distinctive biological exudate
that is considered as an appropriate medium for noninva-
sive assessment of biochemical mediators and their asso-
ciated biological events throughout the observation, with
rational sensitivity.®’

Alkaline phosphatase (ALP) is a key enzyme that reg-
ulates bone mineralization by releasing an organic phos-
phate that precipitates the calcium—phosphate complex
into the osteoid matrix.'® It can also inhibit the mineraliza-
tion by hydrolyzing inorganic pyrophosphate, which pre-
vents hydroxyapatite crystal formation.'"'? Fibroblasts of
PDL and osteoblasts of the alveolar bone are capable of
producing ALP."?

Ligation procedures can influence the surrounding
microbiota. Forsberg et al and Turkkahraman et al com-
pared the microbes between brackets ligated with an elas-
tomeric ring and those with a steel wire; they found
a higher number of microorganisms in the plaques of
teeth in the former.'*'> Their results concluded that elas-
tomeric rings should be avoided in patients with poor oral
hygiene, as it would certainly increase microbial coloniza-
tion on tooth surfaces adjacent to the brackets. Self-
ligating brackets (SLB) are orthodontic brackets that
require neither elastomeric ligation methods nor stainless
steel wire ligatures to hold the orthodontic archwires in
place. Currently, different shapes and designs of SLB are
available in the market and these can be classified into
passive or active types depending on whether they gener-
ate forces on the archwires, or not. Numerous advantages
are commercially attributed to the SLB and include the
reduction in friction between the brackets, quicker align-
ment and lowering gaps, superior expansion of the arch
with reduced incisor proclination, minimal extraction to
gain space and relieve crowding, shorter appointment
times, shorter overall-treatment period, and a better oral
hygiene owing to the reduced complexity of the brackets
with fewer retentive sites for microbial colonization.'® "
The purpose of this research was to estimate the

periodontal parameters, IL-8 level and ALP activity in
GCF, and assess the microbial flora during orthodontic
tooth movement in patients treated with either SLB or
conventional ligatures.

Materials and Methods
Patient Information and Orthodontic

Procedures

This prospective clinical study included 40 patients (18
males and 22 females) selected from the outpatient clinics
to receive orthodontic treatment at Orthodontic Division,
College of Dentistry, Imam Abdulrahman Bin Faisal
University. The patients were aged 12-18 years and
divided into two groups by random selection. Twenty
patients (8 males and 12 females; mean age 154 + 1.8
years) treated with edgewise brackets (Orthos CM, Ormco,
Glendora, CA, USA) and eclastic ligature technique
(Dentalastics™, Dentaurum, Ispringen, Germany) consti-
tuted the control group (group 1), while 20 patients (10
males and 10 females; mean age 15.6 £ 2.1 years) who
received SLB treatment (DAMON Q, Ormco) constituted
group 2. A flow chart of the experimental design is illu-
strated in Figure 1.

Sample size calculation was based on the post-hoc
power analysis using G Power (version 3.1.5; Franz
Faul, University Kiel, Germany) with effect size d = 1,
power set at 0.80, and alpha = 0.05 (two-tailed). The total
sample size required was at least 18 participants per
group. The primary outcome was defined as the amount
of change in mean colony forming unit.'**%2! All selected
patients met the following inclusion criteria: good health,
no history of systemic diseases, not under medications
such as antibiotics or anti-inflammatory drugs in the past
6 months prior to onset of this study, absence of restora-
tions, no reported oral habits detrimental to health, includ-
ing smoking and/or missing teeth due to dental caries. An
orthodontic treatment plan begins with alignment and
leveling as the first stage in upper and lower arches.
A 0.014-in copper—nickel-titanium archwire was used
for the initial leveling. During the study period, no addi-
tional materials, such as chains, coil springs, or Figure-8
ligatures, which could have adversely affected oral
hygiene, were used.

Prior to the orthodontic treatment, written informed
consent was obtained from all patients and parents of
patients under 18 years. The protocol was approved from
the ethical committee of Imam Abdulrahman Bin Faisal
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Figure | Flow chart of the experiment design.

University and the study was conducted in accordance
with the Declaration of Helsinki.

Supra- and subgingival scaling, root planning, and oral
hygiene procedures were performed for each patient via
manual and ultrasonic instrumentation. All the patients
were re-evaluated after four weeks. Patients are required to
achieve a good oral hygiene prior to proceeding with the
placement of brackets. Oral hygiene was assessed visually
and verbally. A good plaque control was visually assessed by
the absence of plaque accumulation on teeth and marginal
gingiva, and the absence of marginal inflammation. Verbal
assessment involved the patient’s response in negative to the
query if there was any bleeding in the gums after brushing.
Orthodontic treatment was performed only if both criteria
were met. Additional reinforcement of oral hygiene was
implemented in the regular checkups every 4-5 weeks.

Biochemical and microbial analysis and periodontal
parameters were assessed before bonding (baseline), and
14, 30, and 45 days after bonding. Periodontal measure-
ments were recorded at six sites per tooth, on the selected
teeth (upper left canine, upper right first molar, upper left
first premolar, lower right canine, lower left first molar, and

lower left first premolars numbered 11, 3, 12, 27, 19, and 21
respectively, according to the universal numbering system).

Measurements were recorded by a single examiner
blinded for the treatment provided by the orthodontist
(single-blinded). A certified periodontist performed the
measurements for plaque index (PI), gingival index (GI),
and bleeding on probing (BOP). The same examiner cali-
brated and evaluated the probing pocket depth (PPD).
Calibration was performed with a Michigan “O” period-
ontal probe with Williams marking (Hu-Friedy, Chicago,
IL, USA). Duplicate examinations at an interval of one
week were performed on five patients. Statistical analysis
of calibration results was accomplished using the kappa
test. The intra-examiner value for kappa was 0.78, indicat-
ing substantial reliability. The values of PI, GI, PPD, and
BOP within 15 s after probing with a 20 g controlled-force

probe used for the periodontal evaluation.?*>

Microbiological Analysis

Subgingival plaque and GCF were collected individually
with a standardized sterile paper strip #30. After isolation
of the teeth with cotton rolls and air drying, a strip was
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Table | Periodontal Clinical Parameters in Conventional Bracket Group and SLB Group

Variables Conventional Bracket SLB n=20 p-value
n=20

Gl Mean+SD 1.9 £24 12 £23 0.003*

% sites with Pl Mean+SD 575+ 176 43.5+20.1 0.001*

% sites with BOP Mean+SD 46.4 £21.3 43.5£20.1 0.001*

PPD (mm) Mean+SD 46 04 24+ 0.3 0.003*

Note: *Significant at p-value <0.05.

placed into the gingival crevices at mesial and distal posi-
tions of canine, molar, and premolars at 1 mm depth for 10
s. Subsequently, each microbial sample was placed immedi-
ately into a vial containing 0.5 mL of the reduced transport
fluid, thioglycolate broth (L-cysteine 0.5, sodium chloride
2.5, glucose 5.5, yeast extract 5.0, pancreatic digest casein
15.0, and sodium thioglycolate 0.5 [units in g/L]).>* The
vials were filled with nitrogen and transported within 40
min, to the Microbiology Diagnostic Laboratory, College
of Medicine, Imam Abdulrahman Bin Faisal University.

Biochemical Analysis

GCF was sampled discretely from the mesial and distal gin-
gival crevices for each canine molar, and premolars using
precut paper filter strips (Periopaper gingival fluid collection
strips, ProFlow Inc., North Haven, CT, USA). Strips were
inserted with 5 s intervals into the gingival crevice until minor
resistance was felt and retained in situ for 60 s.

GCF volumes were calculated with an electronic
instrument (Periotron 8000, Ora Flow, CA, USA) that
was standardized by as per manufacturer’s instructions.
A software program (MLCONVERT.EXE ver. 2.52, Ora
Flow, NY, USA) was used to convert the quantities to
microliters.>> After the collection of GCF, the paper strips
were incubated in 200 pL of saline for 15 min, the strips
discarded and the remaining tubes with the fluids were
transported to the College of Medicine biochemistry lab,

and stored at —70°C until biochemical analysis.?®

Statistical Analysis

Statistical package for the social sciences version 18 (SPSS
Inc., Chicago, IL, USA) was used to analyze the data.
Descriptive statistics were employed for all variables. The
baseline values evaluated for the homogeneity of the groups
(excluding the relative values) were analyzed by unpaired
t-test. Paired #-test was used to estimate the differences from
the baseline to the various monitoring periods in both

groups. The unpaired #-test was used for intragroup compar-
isons. The level of significance was established at P < 0.05.

Results

The clinical data for the GI, PI %, BOP %, and PPD are
shown in Table 1. Significant differences were observed in
the clinical parameters between the SLB and conventional
brackets group (P < 0.05).

Table 2 compares the prevalence of different species of
subgingival bacteria between the two groups. A significantly
higher prevalence of gram-negative microorganisms was
found in the conventional brackets group than in the SLB
group (41.6% and 25%, respectively, P = 0.001). Likewise,
the prevalence of gram-positive organisms was significantly
higher in the conventional bracket group compared with the
SLB group (33.3% and 26.7%, respectively, P= 0.02).

ALP levels in the two groups at the time intervals from
baseline to 45 days are shown in Table 3 and Figure 2. There
was no significant change in the ALP levels at the baseline
between the groups. However, following bracket bonding
and insertion of initial archwire through the different periods
of treatment, the ALP levels significantly differed between
the two groups (P < 0.05). ALP levels in the GCF were
elevated with an increase in the duration of treatment session
and the duration of orthodontic tooth movements.

Table 4 and Figure 3 illustrate the levels of IL-8 in
GCF in the two groups at the different time intervals.
There was no significant difference in the IL-8 levels at
the baseline between the two groups. However, these
differences were highly significant at 14, 30, and 45 days
after bracket bonding and start of treatment plan (P <0.05).

Discussion

Orthodontic treatment generally involves the use of bio-
mechanical forces on teeth. The frequency, duration, and
force magnitudes of orthodontic treatments influence the
adjacent tissue reaction and bone remodeling. The interac-
tion between bone deposition and resorption results in the
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Table 2 Prevalence of Subgingival Bacteria in Conventional Bracket Group and SLB Group
Variable Conventional Bracket SLB p-value
Bifidobacterium species (GPR) 0 4 (13.3) 0.001*
Clostridium ramosum (GPR) 0 4 (13.3) 0.005*
Peptococcus asaccharolyticus (GPC) 0 4 (13.3) 0.005*
Prevotella melaninogenicus (GNR) 11 (36.6) 0 0.001*
Prevotella oralis (GNR) 10 (33.3) 0 0.001*
Fusobacterium mortiferum (GNB) 4 (13.3) 4 (13.3) |
Peptostreptococcus group (GPC) 8 (26.6) 11 (36.6) 0.28
Eubacterium limosum (GPR) 4 (13.3) 0 0.001*
Veilonella parvula (GNC) 4 (13.3) 4 (13.3) |
Actinomyces meyeri (GPR) 4 (13.3) 0 0.005*
Actinomyces odontylicus (GPR) 4 (13.3) 0 0.004*
Porphyromonas asaccharolytica (GNB) 2 (6.6) 0 0.38
Gram negative organism 25 (41.6) 15 (25) 0.001*
Gram positive organism 20 (33.3) 16 (26.7) 0.02*
Note: *Significant at p-value <0.05.
Table 3 ALP Activity (uL) in GCF in Conventional Bracket Group and SLB Group
Conventional SLB p-value
Bracket
ALK (L) Mean+SD 100.15+23.4 88.92+12.32 0.019%*
Time 0 Day MeanxSD 63.71£7.24 64.18+4.38 0.013
14 Days Mean+SD 104.45+3.99 86.57+6.63 0.000*
30 Days Mean+SD 112.52£11.79 95.04+7.27 0.003*
45 Days Mean+SD 119.92+7.80 100.88+5.21 0.000%*

Note: *Significant at p-value <0.05.

discharge of different biochemical or cellular mediators.?”
The recognition of remodeling patterns in the PDL during
orthodontic treatment via assessment of the biochemical
mediators may be clinically beneficial due to their key
roles in tooth movement and tissue damage.®®

The results of this study clearly demonstrate that IL-8
production in the conventional brackets group was greater
than in the SLB group at the different time intervals probed.
IL-8 is crucial in controlling alveolar bone resorption during
tooth movement and is responsible for recruiting and activat-
ing neutrophils during inflammation.* It is also suggested that
IL-8 plays a multifactorial role in the pathogenesis of the
periodontal disease. King et al reported that marked tissue
destruction at the tension sites at various stages of tooth move-
ments leads to a rise in the biochemical activity of GCF
mediators at the tension site."! Our findings matched those of

1’29

Basaran et al,” who demonstrated changes in the IL-8 levels

with the application of orthodontic forces. Interestingly, the
level of IL-8 was higher in patients treated with aligners

compared to those treated by labial fixed appliances.*

The relation between the orthodontic mechanical forces
and collagen turnover is important in tooth movement. In
this respect, previous studies have demonstrated that
orthodontic forces increased DNA synthesis, collagen
synthesis, and ALP activity.>'*? In the present study, the
levels of ALP were significantly higher 14, 30, and 45
days after the application of orthodontic forces in both the
groups. This is in accordance with several studies who
reported an increased ALP level at 1, 2, and 3 weeks
after force application.’*** Additionally, a significant
increase in the GCF ALP concentration was observed
with an increased duration of orthodontic tooth movement,
thus implying a direct correlation between ALP and the
bone remodeling process.>”

Corrective orthodontics produce clinical periodontal
variations with respect to biofilm accumulation, gingival
bleeding and periodontal pathogens.* In this study, we
compared the effects of SLB and conventional brackets
ligated with elastomeric rings despite the fact that elasto-

meric ligatures are considered as biohostile materials.
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Figure 2 ALP levels (UL) in GCF for conventional bracket group and SLB group at different treatment periods.

Elastomeric rings are convenient to use and represent the
choice for both patients and the orthodontists. In contrast,
the stainless steel ligatures are time overwhelming and
infrequently used in clinical practice. The findings of the
present study prove that there is an increase in the number
of gram-negative and gram-positive microorganisms with
the use of conventional brackets ligated with elastomeric
rings as against when SLBs are used. These findings are in
agreement with Hassan et al who concluded that the arch-
wire ligature technique initiated microbial colonization
and aspartate aminotransferase activity more than the self-
ligature technique.*® Jingh et al reported that the percen-
tage of Porphyromonas gingivalis is lower in SLBs than in
conventional brackets.>” Additionally, Pejda et al found
statistically greater incidence of Aggregatibacter actino-
mycetemcomitans in patients with conventional brackets
ligated with steel ligatures than in those with SLBs.?!
with
Sukontapatipark et al who highlighted that the bacterial

Instead, our findings are in disagreement

colonization was not affected by the ligation pattern.*®

This disagreement can be attributable to the following
reasons: variation in observation timepoints, microbiologi-
cal analysis, the population studied, statistical analyses,
and differences in manufacturer of the brackets.

The marked increase in bacterial colonization and sub-
sequent periodontal pathogenesis in the conventional
brackets group compared to the SLB group corresponded
to significant differences in the clinical parameters (GI, PI,
BOP, and PPD) between the groups (P <0.05). These
findings are in contrast to other investigations that declared
no differences in the periodontal status in patients who
were treated with either SLB or conventional brackets.*”~
42 This difference can be explained by the following
aspects: variation in baseline confounders, observation
timepoints, methodological design, the population studied,
units of assessment, statistical analyses, and differences in
manufacturer of the brackets. Additionally, meta-analyses
described in the literature have expressed the issue of low
quality of evidence in studies that evaluated the difference
of periodontal status in patients who were treated with

Table 4 IL-8 GCF Levels in Conventional Bracket Group and SLB Group

Conventional Bracket SLB P value
TL-8 Mean 1+SD 11.87+9.04 2.46+1.72 0.01%*
Time 0 Day Mean 1+SD 0.8840.31 0.64+0.31 0.138
14 Days Mean +SD 9.17£2.24 2.60£1.13 <0.000*
30 Days Mean 1+SD 19.1+8.08 2.8+1.63 <0.000 I*
45 Days Mean 1+SD 18.32+6.14 3.8t1.73 <0.000 I*

Note: *Significant at p-value <0.05.
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Figure 3 Comparison between IL-8 levels in GCF for conventional bracket group and SLB group.

SLB or conventional brackets. Their results cannot be
generalized yet, as the integrated Randomized Clinical
Trials present high heterogeneity and a risk of high bias.

Moreover, a significant correlation between periodontal
conditions and GCF biomarkers of inflammation cannot be
omitted. Nunes et al found that most of the correlations
between both PI %, and BOP % with the GCF cytokine
levels were not significant.*> However, the high variability
and small sample size in their study have to be considered
when interpreting this evidence. Further studies assessing
this correlation would be of merit.

Light continuous forces are considered more preferable
for tooth movements. They allow a steady tooth movement
by lowering necrosis, and the succeeding hyalinization and
indirect resorption, avoiding the recurrent interruptions
following blood vessel blockage and reduced additional
bone loss. In the present study, the SLBs recorded lower
bacterial counts and provide lower force levels, thus
allowing more tolerable periodontal reactions. Our results
are in accordance with those of Mavreas who reported
better periodontal reactions in patients with previous
bone loss with SLBs.** Contrastingly; some unexplored
variables can have a substantial influence on oral environ-
ment. The use of remineralizing agents, fluorides, probio-
tics, and natural compounds can modify clinical and
microbiological parameters in periodontal patients, and
they could also have an effect on ALP and IL-8 levels.*’
~® Prospective evaluation of such factors would be

imperative to verify their influence during orthodontic
treatment procedures.

Limitations of the study include the following: (a) the
absence of data after 45 days and at the end of treatment to
demonstrate if the periodontal changes occurred would be
retained or return to normalcy; and (b) this study was
conducted at a single dental center, hence the findings
could be generalizable and externally valid, albeit with
caution.

Conclusions

Concerning the materials tested in the present study, the
results showed that the conventional brackets conventional
brackets ligature technique exhibits greater microbial colo-
nization and higher IL-8 levels and ALP activity compared
with the SLB technique. SLBs are therefore more prefer-
able than conventional brackets from the periodontal
health perspective. Future clinical trials are recommended
to determine the effect of other variables on the clinical,
microbial, and chemical parameters over a longer evalua-
tion period.

Abbreviations

ALP, Alkaline phosphatase; BOP, Bleeding on probing;
GCF, Gingival crevicular fluid; GI, Gingival index; IL,
Interleukin; PDL, Periodontal Ligament; PI, Plaque
index; PPD, Probing pocket depth; SLB, Self-ligating
brackets; GPR, Gram positive rods; GPC, Gram positive
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cocci; GNR, Gram negative rods; GNC, Gram negative
cocci; GNB, gram negative bacilli.
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