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Objectives: Remodelling of alveolar bone in orthodontics is through optimal force application producing
tissue reactions, thus releasing cytokines in gingival crevicular fluid (GCF). The present study compared
the cytokine profile amid the treatments with lingual fixed appliances and the aligners.
Patients and methods: 80 participants with the requirement of orthodontic treatment were considered for
the study. While 40 participants were treated with lingual fixed appliance, others were treated with the
aligners. The gingival crevicular fluid specimens were collected pre-treatment and post 3 weeks of treat-
ment from all the participants using a microcapillary pipette and subjected to enzyme-linked
immunosorbent assay (ELISA) for cytokine profile assessment comprising of interleukins IL-1a, 1b, 2, 6,
8 and tumor necrosis factor (TNF)-a.
Results: Paired t test expressed a significant (p < 0.001) augmentation of interleukins 1a, 1b, 2, 6, 8 and
tumour necrosis factor at baseline in the study groups. Independent sample t test displayed a statistically
significant higher TNF-a, IL-1a and IL-1b levels in GCF of teeth treated by lingual appliance than aligners
(p = 0.001).
Conclusion: Lingual fixed appliance showed higher cytokines levels than aligners.
� 2022 The Author. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Alveolar bone modelling along with remodelling takes place
due to the orthodontic force application producing tissue reactions
from the perturbation generated by these orthodontic appliances
(Storey, 1973). On application of orthodontic force for an extended
time period, initiation of inflammatory process is observed. The
osteoclasts appear and bone resoprtion takes place, initiating tooth
movement (Proffit and Fields, 2000; Storey, 1973; Teitelbaum,
2000). The disease of periodontium is considered as a condition
which is multifactorial involving host factors, microbiological and
environmental. Orthodontic appliances performs a salient role in
complex etiology of this disease (Verna, 2012). Biologically active
substances responsible for osteoclast activation and tissue remod-
elling are induced in the cells of periodontium from the mechanical
stresses from orthodontic appliances. The monitorization of these
materials in humans could be elicited non-invasively by examining
the variations in the composition of GCF (Hoshino-Itoh et al.,
2005).Table 1Table 2.

Now a days, effective and faster orthodontic treatments are
expected from the patients. Varieties of orthodontic brackets are
available in the market. Irrespective of the type of appliance,
prominent changes in the periodontal tissue homeostasis is pro-
moted by the orthodontic appliance which demonstrates chemical
mediators within the gingival sulcus (Čelar et al., 2013). Cytokines
induces inflammatory response in the periodontal tissues in a
chronic way (Marcaccini et al., 2010). There is increase in the
demand of aesthetically comfortable replacement to fixed labial
appliances in the very recent years due to which aligners and lin-
gual orthodontics have grown rapidly (Rossini et al., 2015a). As
there are varying properties for pro and anti-inflammatory media-
tors, we assessed the cytokine profile in participants with different
orthodontic appliances. The alteration in cytokine levels was
demonstrated due to different bracket designs’ (Darveau, 2010).

After the orthodontic force is applied, there is regulation of bone
remodelling which takes place by the cytokines produced by the
inflammatory cells migrating from periodontal ligament cappillar-
ies which are dilated. (Davidovitch et al., 1988). Cytokines are
nothing but protiens that help in signalling between the cells of
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Table 1
Comparison of different cytokines level in GCF of study groups (lingual fixed vs aligners) during follow up.

N Mean SD t Value P Value

Lingual Appliances TNF Alpha Follow-up 20 951.69 212.27 19.83 0.001*
Baseline 20 10.47 1.09

IL-8 Follow-up 20 1.68 0.10 26.001 0.001*
Baseline 20 0.48 0.01

IL-6 Follow-up 20 2.34 0.18 55.865 0.001*
Baseline 20 0.67 0.02

IL-2 Follow-up 20 5.37 0.60 58.316 0.001*
Baseline 20 1.28 0.09

IL-1 Follow-up 20 0.10 0.01 40.967 0.001*
Baseline 20 0.03 0.00

IL-1 Follow-up 20 41.56 1.29 51.249 0.001*
Baseline 20 0.27 0.09

Aligners TNF Alpha Follow-up 20 61.6311 8.8963 30.102 0.001*
Baseline 20 9.7811 0.62337

IL-8 Follow-up 20 1.6593 0.08919 37.677 0.001*
Baseline 20 0.4841 0.01293

IL-6 Follow-up 20 2.4114 0.14955 46.044 0.001*
Baseline 20 0.6788 0.02222

IL-2 Follow-up 20 5.46 0.48482 52.35 0.001*
Baseline 20 1.3297 0.07278

IL-1 Follow-up 20 0.0878 0.00501 143.275 0.001*
Baseline 20 0.0256 0.00176

IL-1 Follow-up 20 4.8955 0.17935 114.024 0.001*
Baseline 20 0.3095 0.01356

Table 2
Comparison of different cytokines level in GCF of study groups (lingual fixed vs aligners).

Factors Group N Mean SD Mean Diff t value P Value

TNF Alpha Lingual Appliances 20 941.23 212.68 889.3735 18.685 0.001*
Aligner 20 51.85 8.80

IL-8 Lingual Appliances 20 1.21 0.10 0.03 1.013 0.318
Aligner 20 1.18 0.09

IL-6 Lingual Appliances 20 1.66 0.18 �0.067 �1.299 0.202
Aligner 20 1.73 0.15

IL-2 Lingual Appliances 20 4.08 0.65 �0.0485 �0.266 0.791
Aligner 20 4.13 0.49

IL-1 Alpha Lingual Appliances 20 0.07 0.01 0.013 5.465 0.001*
Aligner 20 0.06 0.01

IL-1 Beta Lingual Appliances 20 41.30 1.26 36.7085 129.113 0.001*
Aligner 20 4.59 0.18
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the immune system. The cytokines (IL-1, IL-6, TNF-a, etc) have
multiple activities such as bone resorption, bone remodelling,
new bone deposition, etc (Sternberg, 1989, Canalis et al., 1988,
Baylink et al., 1993). The key mediator for variety of activities in
immune and acute phase inflammatory responses is IL-1.
(Dinarello, 1989). During orthodontic tooth movement, there is
increase in IL-1b in human gingival fibroblasts (Ngan et al.,
1988). At the inflammatory sites, the immune response is regu-
lated by IL-6 having autocrine/ paracrine activity that stimulates
osteoclastic activities (Kurihara et al., 1990, Roodman et al.,
1991). IL-1b and TNF-a have shown their roles in implicating bone
remodelling (Lowney et al., 1995).

Limited information is available in the literature on release of
mediators in GCF of humans during the orthodontic treatment
with no study comparing cytokine levels in the current study
groups. Hence, the study as formulated.
2. Materials and methods

The present study considered participants indicated for
orthodontic treatment with lingual fixed appliance and aligners.
To avoid the bias due to treatment, patients having clinical presen-
tations which are same (mild malocclusion between 2.1 and
4.0 mm) were included in the study. Random allocation of the
included cases into two treatment groups was done to avoid
2

selection bias.(Gelgör et al., 2007; Sidlauskas and Lopatiene,
2009) Forty patients (20 were considered for lingual fixed appli-
ance and 20 with aligners) with an age range of 12–32 years were
included. The inclusion criteriae were that the patients should have
good general health, healthy periodontium, no history of anti-
inflammatory drugs/ antibiotics in the past 6 months, absence of
radiographic evidence of periodontal bone loss. Exclusion criteria
included history of smoking, presence of gingivitis and periodonti-
tis, and systemic disease. The institutional ethics committee
approval (IEC No. LE/IECAPR-18/3) was obtained for the study. Par-
ticipants signed the informed consent. Maintenance of good oral
health was advised for all the included patients. There was periodic
checking of oral hygiene levels of the participants.

Lingual metallic brackets (Ormco Corporation, Glendora, CA,
USA) were used for bonding in twenty patients using orthodontic
light-cured adhesive (Transbond XT) in both the gnathic bones.
The initial alignment and levelling was done using 0.012-inch
nickel titaniummaxillary and mandibular archwires. Twenty other
patients were undergoing treatment with Invisalign aligners (Align
Technology, San Jose, Calif.).
2.1. GCF sampling

Site of collecting the samples was based on comfort and
absence of significant gingival inflammation. Standardization of
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sample sites for all the subjects was done to the proximal region of
canines in the maxillary arch (Gelgör et al., 2007; Gujar et al., 2019;
Jamesha et al., 2018; Lerner, 2012; Sidlauskas and Lopatiene, 2009;
Yadav et al., 2014). Isolation of the area with sterile gauze was
done to prevent the contamination at the sampling site. A micro-
capillary pipette (Sigma- Aldrich, Inc., St. Louis, Missouri, United
States) was placed at the gingival sulcus entrance to collect the
GCF (Bergamo et al., 2018). A standarsized volume of 1 lL of the
sample was collected using a calibrated color-coded (0.2–2 lL.
Blood and saliva contaminated samples were discarded. These col-
lected samples were transferred to Eppendorf tubes (0.5 mL). The
tubes with the samples were centrifuged at 3000 rpm for 10 min.
The centrifuged samples were stored until further procedure at
�80 �C (Bas�aran et al., 2006). Samples collection was done at two
time points: before initiating the orthodontic treatment –T0 and
21 days after the initiation of treatment –T1. The orthodontic treat-
ment induced indirect resorption starts at 21st day and hence 21st
day was selected as the second collection point (T1) (Alfaqeeh and
Anil, 2014; Almeida et al., 2015; Bas�aran et al., 2006; Canavarro
et al., 2013; Drummond et al., 2012; Nassrawin, 2018). Using the
enzyme linked immunosorbent assay (ELISA), a total of six cyto-
kine molecules were to be evaluated. Thus, six samples (one for
each cytokine) from each patient were collected at T0 and T1. Sam-
ples were coded to prevent patients identification.

2.2. GCF analysis using ELISA

The stored samples were thawed before being subjected to
ELISA. Each sample was diluted ten times in phosphate buffered
saline. Commercially testing systems by Raybiotech, Inc. Norcoss,
GA, USA were used to analyse the cytokine levels in the samples.
In total, the samples collected from the lingual fixed appliance
treated cases were 240 and those from the aligner cases were
240, resulting in a total of 480 samples. From each group, out of
the 240 samples, a single cytokine molecule was evaluated by col-
lecting 40 samples (20 cases and 20 controls). Hence from a single
appliance type, 240 samples were collected for evaluating six cyto-
kine molecules.

2.3. Data analysis

Statistical package for Social sciences (SPSS) version 22.0 was
employed. The mean values of interleukins a, 1b, 2, 6, 8 and
TNF-a levels (pg/ml) in each group were calculated and compared
between the baseline and follow-up using Paired t-test. The mean
cytokine levels between the lingual fixed appliances and aligners
were compared using Independent sample t-test keeping the
p < 0.05 as significance limit.
3. Results

3.1. Comparative analysis

Paired t test showed augmented interleukins 1a, 1b, 2, 6, 8 and
TNF-a (p < 0.001) which was statistically significant in the GCF of
teeth treated with study groups at the follow-up (Table 1).

3.2. Most active cytokine

Independent sample t test displayed a statistically significant
higher TNF-a levels in the GCF of teeth treated with lingual fixed
appliance compared to those treated with aligners. (P = 0.001).
Similarly, IL-1a and IL-1b levels also displayed statistically signifi-
cant higher in lingual appliance compared to aligners (P = 0.001)
(Table 2 and Figs. 1-3).
3

3.3. Least active cytokines

No significant variation was noted in interleukins 2, 6 and 8 in
study groups. (Table 2 and Figs. 1-3).

4. Discussion

Alveolar bone remodelling shows tissue reactions due to the
forces produced by orthodontic appliances. The osteoclasts’
appearance and bone resorption are considered as the crucial fac-
tors for tooth movement (Proffit and Fields, 2000). This orthodontic
tooth movement causes inflammatory response which produces
and releases varieties of cytokines.(Verna, 2012) The initial reac-
tions of periodontal tissues to the mechanical stress is caused by
the forces induced by the orthodontic appliances responsible for
several metabolic changes that leads to the tooth movement. These
mechanical stresses induces cells in periodontium to express dif-
ferent cytokines and enzymes which are responsible for connective
tissue remodelling and be studied non-invasively through evaluat-
ing vatiations in GCF composition in humans during the orthodon-
tic treatment.(Hoshino-Itoh et al., 2005).

Due to an increase in demand for aesthetic yet comfortable
alternative to labial fixed orthodontic appliances, there is increased
in usage of aligners in the recent years.(Rossini et al., 2015a) The
maintenance of oral hygiene in better with aligners in comparison
to fixed orthodontic appliances.(Karkhanechi et al., 2013; Luca
et al., 2015; Rossini et al., 2015b) Limited studies are available
explaining the metabolism of bone caused due to it. The most
important factors in plaque accumulation is the design of this
appliance. (Rody et al., 2014) Despite early innovation, only after
Invisalign system was launched by Align technology (Santa Clara,
CA, USA) and introducing CAD/CAM to orthodontics, did the tech-
nology flourish (Lombardo et al., 2017). Using a software pro-
gramme, polymer based aligner series were made for virtually
positioning the tooth (Abbate et al., 2015). There is combination
of removable and fixed appliances in this system where the clear
splints made up of plastic covering all teeth including gingival
margins moving the teeth gradually into its ideal positions
(Miethke and Vogt, 2005).

Cytokines act as biomarker and initiate osteoclast formation and
bone resorbing activities (Al-Ghurabi et al., 2014; Rody et al., 2014).
The cytokine IL-1 plays a pivotal role in osteoclast fusion, survival
and activation. IL-1 and IL-1b are secreted chiefly by the monocytes
and partially by macrophages, fibroblasts and endothelial cells
(Stylianou and Saklatvala, 1998; Hofbauer et al., 1999). Majority
of the studies demonstrate activation of inflammatory cytokine
activation through mechanical stimuli (Sandy et al., 1993;
Alhashimi et al., 2001). Bone metabolism is affected directly by
IL-1b and TNF-a. Even at exceptionally minimal levels, IL-1b and
TNF-a have been seen involved in the bone remodelling procedure
by the action of the specific receptors present on bone cell populace
(Bertolini et al., 1986; Gowen et al., 1983; Saito et al., 2009).

Studies have recorded that IL-6 levels increased during the initial
stages of orthodontic treatment only. This could perhaps describe
theminimal fluctuations, rather than a steady rise of IL-6 in the pre-
sent study (Saito et al., 1990). IL-8 receptorswere precisely localized
in noninflamed human gingiva and in periodontitis suggesting it to
play multifunctional role in diseases of periodontium (Sfakianakis
et al., 2002). In an earlier study it was shown that IL-8 levels
increased after orthodontic treatment (Tuncer et al., 2005).

Gujar et al observed an elevated expression of interleukins 1a,
1b, 2, 6, 8 and TNF-a about 21 days post treatment with the current
study groups with augmentation being greater in interleukin-1b
and TNF-a than others (Gujar et al., 2019).

Increase in the use of lingual fixed appliance is seen due to
increasing demand for esthetics. There is greater risk of plaque



Fig. 1. Comparison interleukin 1a, 2, 6, 8 levels in GCF of study groups (lingual fixed vs aligners).

Fig. 2. Comparison of TNF-a levels in GCF of study groups (lingual fixed vs
aligners).

Fig. 3. Comparison of IL-1b levels in GCF of study groups (lingual fixed vs aligners).
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accumulation due to their site of placement as compared to labial
fixed appliance (Serra et al., 2003). Also, there is increased risk of
microbial accumulation and damage to the periodontium due to
lingual fixed appliance compared to labial orthodontic therapy
according to Demling et al. (Demling et al., 2009).

Another study done by Gujar et al showed the cytokine levels
were higher in lingual fixed appliance treated cases in comparison
to the labial appliance, indicating that the lingual appliance could
potentially be exerting greater mechanical stress on the periodon-
tium than the labial fixed appliance. Based on their data, increased
expressions of TNF–a and IL–1b noted in the lingual fixed appli-
ance could be the result of greater mechanical stress applied on
the periodontium by lingual fixed appliance (Gujar et al., 2020).

Taking into consideration the various factors and biological
responses in the periodontal ligament and GCF, the limiting factor
4

in the present study could be the lower sample size and shorter
observation time (21 days). Further studies should therefore be
carried out considering these limitations.
5. Conclusion

Interleukins 1a, 1b, 2, 6, 8, and TNF–a were augmented in the
study groups at 21 days following post treatment. TNF–a, inter-
leukins 1a and 1b showed significant higher levels in lingual fixed
appliances than aligners.
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