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Role of six cytokines and bone metabolism biomarkers in gingival

crevicular fluid in patients undergoing fixed orthodontic appliance

treatment in comparison with aligners: a clinical study

Muhammad Abdullah Kamrana; Abdullah A. Alnazeha; Mohammad Almagbolb;
Salem Almoammara; Ali Hasan A. Alhaizaeyc; Ibrahim Alshahranid

ABSTRACT
Objectives: The objective of this study was to assess bone biomarkers and cytokines in patients
with conventional labial appliances (CLAs) and aligners.
Materials and Methods: Participants were recruited to undergo orthodontic treatment with CLAs
and aligners according to predefined inclusion and exclusion criteria. Periodontal examination was
accomplished at baseline and 4 weeks using the plaque index (PI), gingival index (GI), and
bleeding on probing (BoP). Samples of gingival crevicular fluid (GCF) were collected at baseline
(T0) before the start of treatment and at the 1-month follow-up (T1) to assess bone metabolic and
inflammatory biomarkers. GCF from participants with CLAs and aligners was evaluated with
enzyme-linked immunosorbent assay. Comparison between labial conventional orthodontic
treatment and aligners were assessed using an unpaired t-test. The difference between T0 and
T1 was measured using a paired t-test.
Results: BoP, PI, and GI demonstrated no significant difference between participants treated with
aligners and subjects with CLAs at baseline and at 4 weeks (P . .05). Bone markers and other
biomarkers (tumor necrosis factor a, interleukin [IL]-a, IL-2, IL-6, and IL-8) showed significant
differences (P , .05). Also, a significant difference between CLAs and aligners was noted among
all biomarkers (P , .05) except IL-b.
Conclusions: Aligners and CLAs increase the level of inflammatory and bone metabolic
biomarkers after 1 month. (Angle Orthod. 2023;93:335–340.)

KEY WORDS: Conventional appliance; Gingival crevicular fluid; Aligner; Bone metabolism
biomarker; Inflammatory biomarkers

INTRODUCTION

The mechanical stimulus due to orthodontic force
applied should be continuous and smooth as it
promotes cell and tissue changes in the periodontium,
leading to the modeling and remodeling of alveolar
bone.1 This is followed by the release of inflammatory
cytokines that modifies the connective tissue and
encourages activation of osteoclastic activity.2 Gingival
crevicular fluid (GCF) is an inflammatory exudate and
is used to sense bone-remodeling molecules along
with various cytokines, electrolytes, antigens, and
proteins.3–5

On the application of orthodontic force and plaque
accumulation, an inflammation of periodontal tissues is
observed. The inflammatory response results in the
activation of cytokines.5 These cytokines may range
from matrix metalloproteins to interleukin (IL) and
tumor necrosis factor a (TNF-a).5,6 In addition, bio-
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chemical markers of bone metabolism, such as
osteoprotegerin (OPG) and osteopontin (OPN), and
different transforming growth factors that result in bone
modeling and remodeling also get triggered.2,7

Due to the awareness and appeasement of esthetic
demands, orthodontic aligners are suggested.8,9 De-
spite their spread and usage among the community of
orthodontics, there is very limited evidence of bone
metabolism induced by them.9,10 Aligners provide
intermittent orthodontic forces that alter the typical
stages of tooth movement as previously discussed by
Krishnan and Davidovitch.1,11 However, compared with
fixed orthodontic appliances, aligners facilitate good
oral hygiene along with esthetics and patient com-
fort.8,12 However, they have a disadvantage in treating
specific types of malocclusion and have a higher cost.

To date, there is little evidence of the production of
biochemical markers of bone metabolism and other
inflammatory mediators in patients undergoing labial
fixed appliances compared with aligners. It was
hypothesized that there would be no difference in
bone biomarkers and cytokine levels between partic-
ipants going through treatment with fixed labial
orthodontic appliances and aligners. Therefore, the
present study aimed to assess the level of different
bone biomarkers and levels of cytokines in patients
with conventional fixed labial appliances and aligners
at baseline (T0) and at the 1-month follow-up (T1).

MATERIALS AND METHODS

Study Design and Participants

Participants were patients recruited from the ortho-
dontic department of King Khalid University undergoing
orthodontic treatment with labial conventional fixed
appliances and aligners. The ethical board of King
Khalid University approved the study. The study was in
compliance with the Declaration of Helsinki. Written
and verbal consent was obtained from participants
before the start of the study. To minimize treatment
bias, only participants with mild malocclusion with
between 2 mm and 4 mm of crowding were included.
Patients were randomly allocated into two groups, that
is, patients treated with aligners and patients treated
with the fixed labial appliances. For sample size
calculation, 11 participants were found to be enough
in each group, assuming a level of significance of .05
and a study power of 0.80 to perceive a significant
difference. However, due to the underestimation of
power, potential sample loss, and the dropout for
follow-up, a sample of 25 participants in each group
was determined to be enough (50 total participants).
The mean age of the participants in each group was 25
6 4 years (range, 15 to 30 years) with a male-to-female
ratio of participants treated with aligners (15 males/10

females) and participants treated with conventional
fixed appliances (17 males/8 females).

Participants met the following inclusion criteria: (1)
healthy systemic condition, (2) no use of anti-inflamma-
tory drugs or antibiotics in the past 6 months, (3) minor
malocclusion (2 to 4 mm of crowding), (4) periodontal
parameters of gingival index ,1 and no pocketing with a
generalized pocketing depth of �3, (5) radiographic
parameters of no crestal bone loss, (6) no history of
smoking, and (7) extraction of third molars. Participants
were excluded using the following criteria: (1) teeth
missing; (2) systemic conditions (kidney disease, HIV,
and liver disease); or (3) poor oral hygiene, signs of
inflammation of the gingiva, and periodontitis. For
patients who were aged younger than 18 years, informed
consent was obtained from the parent/guardian. Initially,
before the start of the trial, all participants were given oral
hygiene instructions, that is, education on brushing
techniques, use of fluoridated water and toothpaste,
and frequency of brushing. Two weeks before the study,
prophylactic supra and subgingival scaling were per-
formed. The participants were kept motivated throughout
the study through periodic follow-up.

Examination of Periodontal Parameters

A periodontal examination was performed at base-
line using the plaque index (PI), gingival index (GI), and
bleeding on probing (BoP). The teeth assessed for PI
in the upper arch were the maxillary right first molar
and lateral incisor and maxillary left first premolar.
Similarly, in the lower quadrant, the teeth assessed
were the mandibular left first molar and lateral incisor
and mandibular right first premolar. GI was obtained at
four sites of teeth and were measured and scored
labial, lingual, distal, and mesiolingual. The same
technique was repeated after 4 weeks.

Measuring and Collecting GCF

Samples of GCF were collected at T0 before the
start of treatment and T1. Collection of GCF was done
after 4 weeks as indirect resorption occurs after 28
days.13,14 The area was selected where gingival
inflammation was found to be minimal, and the site
for sample collection was kept homogenious for all
participants (proximal to canines in the upper arch).
Isolation was assured using sterilize gauze to minimize
contamination. GCF was collected by placing the
pipette at the sulcus of the gingiva, mildly touching
the margin of the gingiva.15,16 An effort was made to
collect 1 lL of GCF with the pipette, adopting the
extracrevicular approach. Pipettes contaminated with
blood or saliva during the procedure were excluded.
The collected GCF was transferred to 0.5 mL
Eppendorf tubes, centrifuged at 3000 rpm, and stored
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at�808C for 10 minutes until the time of assay. Blinding

was maintained throughout the process.

Analysis of Cytokines Using Enzyme-Linked

Immunosorbent Assay

The frozen samples of GCF from participants with both

labial conventional orthodontic appliances and aligners

were thawed at room temperature for enzyme-linked

immunosorbent assay (ELISA). The biologist in the

biochemistry laboratory at King Khalid University, who

was blinded, performed the cytokine measurement (ie, j
¼ 0.71). Bone metabolism biomarkers IL-1b, receptor

activator of nuclear factor kappa-ligand (RANK-L), OPG,

and OPN and other inflammatory biomarkers TNF-a, IL-

1a, IL-2, IL-6, and IL-8 were assessed by ELISA, as

recommended by the manufacturer. In short, samples

and standards were combined into the matching wells.

Incubation was done overnight at 48C. Inclusion of 0.1

mL of 1% biotinylated anti-human C-reactive protein

detector antibody to individual wells was performed. The

incubation was done at a room temperature of 258C for

60 minutes in the dark.17,18 Before incubating, 0.1 mL of

1% horseradish peroxidase–streptavidin solution was

incorporated into each well for 45 minutes at 258C. The

sensitivity of ELISA for all GCF cytokines was above

99.1%.

Statistical Analysis

For analysis, statistical software (SPSS version 18,

IBM, Chicago, Ill) was used. Normality of data was

assessed using the Kolmogorov-Smirnov test. The

levels of cytokines were displayed as means. Com-

parison between labial conventional orthodontic appli-

ance treatment and aligners was assessed using an

unpaired t-test. Similarly, the difference between T0

and T1 was measured using a paired t-test. The level

of significance was set at P ¼ .05.

RESULTS

Periodontal parameters, that is, BoP, PI, and GI,

demonstrated no significant difference between partic-

ipants treated with aligners and participants treated

with conventional labial appliances (CLAs) at T0 and
T1 (P . .05) (Table 1).

The levels of TNF-a and IL-b in the GCF of participants
treated with CLAs were increased compared with
participants treated with aligners. Similarly, IL-2, IL-6,
and IL-8 demonstrated high levels in patients treated with
aligners compared with CLAs. Among bone markers,
OPN and RANK-L in the GCF demonstrated an upsurge
in CLA participants compared with aligners. Similarly, the
level of OPG showed a descent from baseline to follow-
up in both experimental groups. The level of bone
markers and the biomarkers TNF-a, IL-a, IL-2, IL-6, and
IL-8 showed significant differences from baseline to
follow-up (P . .05). Also, a significant difference between
CLAs and aligners was noted in all biomarkers (P , .05)
except IL-b (P , .05) (Table 2).

Table 1. Periodontal Parameters at Baseline and at the 1-Month Follow-Up in Participants Undergoing Orthodontic Treatment With CLAs and

Alignersa

Periodontal Parameters

Baseline (n ¼ 25 Each) 1-Month Follow-Up (n ¼ 25 Each)

P ValuebCLA Aligner CLA Aligner

BoP, mean (range) 0.77 (0.2–1.1) 0.51 (0.1–0.7) 0.81 (0.3–0.9) 0.49 (0.1–0.6) .33

GI, mean (range) 0.4 (0.1–0.7) 0.3 (0.09–0.5) 0.6 (0.1–0.8) 0.4 (0.09–0.6) .55

PI, mean (range) 0.86 (0.3–1.1) 0.71 (0.41–1.3) 0.91 (0.4–1.1) 0.89 (0.44–1.2) .25

a BoP indicates bleeding on probing; CLA, conventional labial appliance; GI, gingival index; and PI, periodontal index.
b Bold denotes significance.

Table 2. Levels of Cytokines and Bone Metabolism Biomarkers in

GCF (pg/mL) of Patients Undergoing Fixed Orthodontic Treatment

With CLAs and Aligners (n ¼ 25 each) at T0 and T1a

Biomarkers

in GCF Groups P Value

T0,

Mean 6 SD

T1,

Mean 6 SD

TNF-a (pg/mL) CLA 7.22 6 1.21 14.21 6 1.21b .01c

Aligner 5.25 6 1.65 11.28 6 1.22b .01c

IL-a (pg/mL) CLA 0.082 6 0.001 6.68 6 1.22b .02c

Aligner 0.025 6 0.004 9.22 6 1.55b .01c

IL-b (pg/mL) CLA 8.90 6 0.22 21.45 6 1.88 .01c

Aligner 7.94 6 0.66 18.29 6 2.57 .01c

IL-2 (pg/mL) CLA 3.9 6 1.23 13.9 6 2.05b .01c

Aligner 2.98 6 1.01 16.3 6 2.14b .01c

IL-6 (pg/mL) CLA 3.65 6 1.21 12.25 6 1.26b .02c

Aligner 3.79 6 1.82 17.88 6 1.58b .01c

IL-8 (pg/mL) CLA 0.68 6 0.02 1.39 6 0.84b .01c

Aligner 0.74 6 0.04 3.91 6 0.11b .01c

OPG (pg/lL) CLA 51.171 6 13.54 19.23 6 12.33b .01c

Aligner 49.25 6 14.33 23.75 6 11.11b .01c

OPN (ng/lL) CLA 11.25 6 1.56 23.85 6 1.41b .01c

Aligner 10.89 6 1.89 17.10 6 0.85b .01c

RANK-L (pg/lL) CLA 0.7 6 0.1 1.9 6 0.2b .01c

Aligner 0.6 6 0.1 1.3 6 0.1b .01c

a CLA, conventional labial appliance; GCF, gingival crevicular
fluid; IL, interleukin; OPG, osteoprotegerin; OPN, osteopontin;
RANK-L (receptor activator of nuclear factor kappa-ligand); SD,
standard deviation; T0, baseline; T1, at the 1-month follow-up; TNF-
a, tumor necrosis factor a.

b Labial appliances and aligners compared with unpaired t-tests
showing statistical significance (P , .05).

c Denotes statistically significant changes in levels of cytokines
from baseline to follow-up within groups by paired t-tests.
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DISCUSSION

The present study was based on the null hypothesis
that there would be no difference in bone biomarkers
and cytokine levels between participants undergoing
treatment with fixed labial orthodontic appliances and
aligners.19,20 The force with aligners and CLAs triggered
an inflammatory response in periodontal tissues,
activating chemokines, cytokines, proteolytic enzymes,
and prostaglandins and bone metabolism biomarkers
associated with alveolar apposition.19,21 In the present
study, the gingival sulcus was selected as the site of
testing as the force was applied to the teeth due to
ease of access and because GCF is known to be a
consistent tool to measure variations in the disease
processes.22,23

Bone biomarkers, along with different cytokines, are
responsible for bone resorption and bone formation
activities. IL-2, IL-6, IL-8, and TNF-a are considered to
be proinflammatory cytokines,24,25 whereas IL-4, IL-10,
and IL-13 are considered to be anti-inflammatory.26,27

IL-6 is related to osteoclastic activity and resorbs bone.
Various studies have shown that IL-6 increases in the
first few weeks when force is applied with no
upsurge.28,29 This was observed in the present study
in both experimental groups treated with CLAs and
aligners from baseline to follow-up. Similarly, IL-8 was
found to be higher in participants with aligners rather
than in the CLA group at follow-up. IL-8 is secreted by
various cell monocytes, endothelial cells, and fibro-
blasts as a response to TNF-a and IL-1.30,31 Recent
work by Basaran et al. found that orthodontic forces at
sites of tension evoked a cascade of the proinflamma-
tory cytokines IL-2, IL-6, IL-1, and TNF-a.13,32 The
authors speculated that, with aligners, the forces were
intermittent, which caused a greater increase in IL-8
levels among the participants in the aligner therapy
groups. Among the inflammatory cytokines, TNF-a, IL-
1, and IL-2 have a primary role in the initiation of the
cascade, proinflammatory response, and pathogenesis
of disease.33,34 At the cellular level, TNF-a and IL-2 are
responsible for the induction of the other mediators IL-
6, IL-8, matrix metalloproteinase, and prostaglandins.35

The work by Basaran et al. indicated that TNF-a, IL-2,
and IL-b, which is a physiological part of IL-2, showed
an upsurge during leveling and distalization.13 Similarly,
a recent study by Castroflorio et al. observed that the
level of IL-b was increased on the tension side.36 Also,
evidence from the study by Vujacic et al. showed that
mechanical stress due to orthodontic force increased
the levels of IL-b and TNF-a.37 The findings of the
present study were consistent with previous studies.

Alveolar remodeling is controlled by an equilibrium
between RANK-L binding and the production of OPG.
For activation and differentiation of osteoclasts, the

RANK-L signaling pathway is crucial.38 OPG is
expressed in both RANK-L and osteoblastic cells,
and it is a decoy receptor that competes with receptor
activator of nuclear factor kappa (RANK) for the
binding of RANK-L. An increase in RANK-L and a
decrease in OPG indicate compressive force.38 The
findings of the present study were in agreement with
this argument as, in the current study, the level of OPG
decreased at follow-up compared with baseline, but
there was a climb in RANK-L noted after 4 weeks.
However, work by Kobayashi et al. stated that RANK-L
may have a short duration (within 1 hour, 24 hours of
orthodontic force application) and role in bone chang-
es.38 The present study was in disagreement with this
finding as the level of RANK-L was found to be
increased after 4 weeks as well.

OPN is a bone protein, noncollagenous in nature,
and triggers osteoblastic activity during an early stage
of cell differentiation, helps in biomineralization, medi-
ates the control of RANK-L expression, and has the
property to inhibit osteoclastic activity.36 The levels of
OPN increase when mechanical orthodontic force is
applied and at tension sites.36 This is consistent with
the present study.

When evaluating periodontal parameters, no signif-
icant difference was noted in participants treated with
CLAs and aligners. Although BoP, GI, and PI were
somewhat lower in aligner-treated participants, the
difference compared with fixed appliance patients was
not statistically significant. Periodontal status was
found in previous studies to be better in participants
treated with aligners, as there is evidence that aligners
facilitated better oral hygiene and compliance and
minimize the growth of periodontal pathogens.9,12

However, in the current study, because no significant
changes were reported in periodontal parameters, this
indicated that levels of cytokines and bone biomarkers
were within the limit of acceptable physiological
response.

Within the limitations of the present study, measuring
tooth movement with CLAs and aligners may help to
correlate the inflammatory biomarker response in a
more conclusive manner. Individuals respond differ-
ently to mechanical loading. Age, sex, and density of
bone are variable and may contribute differently. The
short duration of the current study can be considered a
major limitation. More clinical trials along with a split-
mouth design are recommended to extrapolate the
findings of the present study.

CONCLUSION

� An orthodontic force applied with aligners and CLAs
surges inflammatory (TNF-a, IL-2, IL-6, IL-8, IL-a, IL-
b) and bone metabolic biomarkers (OPN, OPG,
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RANK-L) after 1 month of follow-up. However, some
cytokines increased more than others.
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