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ABSTRACT

OBJECTIVE: This paper aimed to analyze studies in the literature addressing the role of cytokines
in the gingival crevicular fluid (GCF) in the orthodontic treatment.

METHODS: Several databases were surveyed using both MESH terms and free terms. Additional
studies were obtained by reference tracking. This review was registered in PROSPERO, and
the procedures foreseen by its statement were followed. Data were obtained from the included
studies addressing the orthodontic mechanics, GCF sampling/handling methods, and cytokine
measurements. Clinical studies written in English were browsed. Papers were selected by one
reviewer and checked by a second investigator.

RESULTS: A total of 115 articles were identified, among which 25 were selected for detailed analysis.
Common drawbacks consisted mainly of inadequacies in the study design (e.g. short duration and
small number of study subjects). The most consistent result was a peak of cytokine levels at 1d.
Associations were observed between prostaglandin E2 (PGE2) and interleukin-1p (IL-18) and pain,
velocity of tooth movement, and treatment mechanics. Interleukin-1b and PGE2 showed different
patterns of up-regulation, with IL.-18 being more responsive to mechanical stress and PGE2 more
responsive to synergistic regulation of IL-18 and mechanical force. The results support the use of
light continuous forces for orthodontic treatment.

CONCLUSION: There was a tendency of maintenance of relatively high IL-1p levels for longer periods
with the use of light continuous forces, which might decrease the frequency of activation. These
outcomes provide evidence at the cellular level for the utilization of light continuous forces.

Key words: Systematic review; Orthodontics, corrective; Gingival Crevicular Fluid (GCF); Interleukin;
T Cells.

Papel das citocinas presentes no fluido crevicular durante
o tratamento ortodéntico: uma revisao sistematica

RESUMO

OBJETIVO: Este artigo teve como objetivo analisar estudos na literatura abordando o papel das citocinas no
Liquido do Sulco Gengival no tratamento ortodéntico.

METODOS: Vérias bases de dados foram pesquisadas usando termos MESH e termos livres. Estudos adicionais
foram obtidos por rastreamento de referéncia. Esta reviséo foi registrada no PROSPERO, e os procedimentos
previstos por sua declaragao foram seguidos. Os dados foram obtidos dos estudos incluidos sobre a mecanica
ortoddntica, métodos de amostragem / manuseio de Liquido do Sulco Gengival e medi¢des de citoquinas.
Estudos clinicos escritos em inglés foram pesquisados. Os trabalhos foram selecionados por um revisor e
verificados por um segundo investigador.

RESULTADOS: Foram identificados 115 artigos, dentre os quais 25 foram selecionados para anélise detalhada.
As desvantagens comuns consistiram principalmente em insuficiéncias no design do estudo (por exemplo,
curta duragao e pequeno nimero de sujeitos do estudo). O resultado mais consistente foi um pico de niveis
de citocinas a 1d. Foram observadas associacoes entre prostaglandina E2 (PGE2) e interleucina-1f (IL-1B) e
dor, velocidade do movimento dentério e mecanica de tratamento. A interleucina-18 e a PGE2 apresentaram
diferentes padroes de regulagdo ascendente, sendo IL-13 mais sensivel ao estresse mecanico e PGE2 mais
responsivo a regulagao sinérgica da IL-1 e forca mecéanica. Os resultados suportam o uso de forgas continuas
leves para tratamento ortodéntico.

CONCLUSAO: Houve uma tendéncia de manutengao de niveis relativamente altos de IL-1p por periodos mais
longos com o uso de forgas continuas leves, o que pode diminuir a frequéncia de ativagao. Esses resultados
fornecem evidéncias no nivel celular para a utilizagéo de forgas continuas leves.
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INTRODUCTION

Orthodontic tooth movement may be achieved by
application of forces on the periodontal ligament (PDL) and
by alveolar bone remodeling. The mechanical stimuli applied
on teeth provoke inflammatory responses in periodontal
tissues, with release of inflammatory mediators, inducing the
biological processes that promote alveolar bone resorption
and apposition [1-7].

Analysis of constituents of the gingival crevicular fluid
(GCF) may reveal quantitative biochemical indicators of
the local cellular metabolism, which reflect the periodontal
health status and bone remodeling promoted by orthodontic
treatment [7-9]. Recently, the expression of regulatory
proteins in GCF has been regarded as an important diagnostic
marker for follow-up of orthodontic treatment outcomes.
Most studies have been addressing new mediators and up-
and down-regulation of these protein levels in different
treatments. However, limited information is available
from studies on the relationship between orthodontic tooth
movement and regulatory proteins in GCF [2,3,9].

Among several regulatory proteins detected in GCF, this
review will focus on cytokines. Cytokines are key mediators
involved in initiating, amplifying, perpetuating, and resolving
inflammatory responses [1,7]. The actions of cytokines
include several effects on immune cells and modulation of
inflammatory responses [10, 11]. The cytokines are produced
by cells in the periodontal tissue as fibroblasts and osteoblasts,
and they participate in normal physiological bone turnover and
remodeling [11-17]. Many characteristics of these cytokines
are of interest in orthodontics, since cytokines in the GCF
reflect the microenvironment of periodontal tissues, in which
orthodontic forces are applied [2,4, 15]. Several studies also
revealed that cytokines are fundamental in cell signaling in
bone [14,18,19] and in mediating mechanically induced
bone remodeling (e.g. by orthodontic forces) [1,2,20].

In addition, several narrative reviews have extensively
illustrated the involvement of regulatory proteins in
periodontal remodeling promoted by orthodontic stimuli [1,
2,4,6], but little effort has been made to systematically
investigate the time-related regulations and production
mechanisms of these regulatory proteins stimulated by
mechanical stress. Thus, this systematic review aimed to
analyze studies on cytokine expression in the GCF during
orthodontic treatment, evaluating the regulation patterns of
cytokines over time and addressing their clinical implications.
Even though some aspects deserve further analyses, there are
still questions on whether there might be associations between
cytokines in GCF and tooth movement, as well as on the time-
related regulation pattern of cytokine production in GCF,
which could guide the clinical protocols at the cellular level.

METHODS

This review was conducted according to the QUOROM
statement suggestions [21] and registered in PROSPERO
on 20 November, 2014 (registration No. CRD42014015048).
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The systematic review was conducted strictly adhering to the
guidelines suggested by PROSPERO. Several key databases
(MEDLINE, PubMed, Embase, Cochrane library, Web
of Science) were searched in May 2014 using the MESH
terms “Orthodontics, Corrective”, “Interleukin-17”, or
“helper T Cells”, or “helper 17 cell”, or “TH 177, “IL 177,
“Interleukin-23”, “IL 23, “crevicular fluid”, and using the
free text terms “GCF, gingival crevicular fluid, cytokines,
inflammatory factors, regulatory proteins, tooth displacement,
canine distalization, and root resorption”. An additional
search was performed by reference tracking. The search
results from each database were combined. Duplicate results
were eliminated (Table 1). The inclusion criteria were:
human studies on GCF, articles written in English, cytokines
(including prostaglandins E2 (PGE2), tumor necrosis factor
(TNF), interleukins, growth factor, osteoprotegerin (OPG) and
RANKL) or their receptors as study mediators, orthodontic
mechanics, GCF sampling, cytokine measurements, number
of study subjects >5 or number of study teeth > 10, proper oral
hygiene control, no use of antibiotic/anti-inflammatory drugs
before tooth movement and GCF sampling. The exclusion
criteria were: animal studies, in vitro studies, narrative
reviews, expert reviews (non-systematic reviews), and studies
on human GCF enzymes or any metabolic products other than
mentioned in the inclusion criteria.

The selection of articles was performed by one reviewer
and checked by a second investigator. The titles and abstracts
of potentially relevant articles were analyzed before full-text
analysis. From each study that remained after application of
the inclusion criteria, data were extracted in three categories,
as follows.

1. Orthodontic mechanics: number of study subjects, tooth
and treatment mechanics (appliances) studied.

2. GCF sampling methods: sampling methods (paper
strips), cytokine measurements, duration of the study
and number of samples.

3. Cytokine measurements: peak levels.

RESULTS

The review identified 115 potentially relevant studies.
Table 1 presents an overview of the outcomes. Among these
studies, further analysis of the titles, abstracts, and full-
texts revealed that 25 were relevant for the present study. A
summary of papers that were excluded is presented in Figure 1
(exhibiting the orthodontic mechanics, GCF sampling
methods, and cytokine measurements) [1-6,22-41].

Most studies were performed on mixed samples of
adolescents and young adults, and two studies reported the
levels of GCF cytokines in different age groups (Table 1).
Only three studies included more than 20 subjects. Seventeen
out of 25 studies used the maxillary canine as the study
tooth, and the force system was distalization with either
sectional wires or continuous arch wires. The other eight
studies addressed aligning movement (three), insertion of
separation elastics (two), Hyrax appliance (two) and cervical
headgear (one).
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Table 1. Studies assessing cytokines in gingival crevicular fluid (GCF) in orthodontics.

Sample (n)

Reference / Article Age (y) Sampling (points) Method Cytokine  Peak  Results
[41] Alikhani et al 2014 20 0, 24h, 28d Canine distalization IL-1B, Tend to increase
19.5-33.1 IL-1at,
IL-6,
IL- 8,
TNF,
MCP-1
[40] Enhos et al 2014 20 0,24, 48,168h,30d  Canine distalization RANKL OPG and RANKL levels vary as
18+-3 OPG a result of force application
[38] Gastel et al 2011 24 0, 365d Headgear IL-2 No significant alteration
14+4-1 IL-4 No significant alteration
IL-6 Tend to increase
IL-8 Tend to increase
IL-10 No significant alteration
GM-CSF No significant alteration
INF No significant alteration
TNF No significant alteration
MCP-1 No significant alteration
IP-10 No significant alteration
[3] Tzannetou 2008 9 0,24h,7d,14d, 21d Hyrax RME IL-1B Increased during active RME;
10-18 remained high in retention phase
[22] Karacay et al 2007 10 0,1,24,168h Canine distalization TNF-a 1d Hybrid: no change with time
15+-1 Distraction: higher than hybrid
[23] Iwasaki 2006 10 0,1,3,7,14, 28,42, Canine distalization IL-1B Tooth movement rate relate to
15+-4 56, 70, 84d IL-1ra IL-1 gene polymorphisms
[4] Dudic 2006 18 -7d,0, 1min, 1h, Separation elastics IL-1B 1d Higher levels at tension sites
9-14 1d, 7d PGE, 1d Higher levels at tension sites
SE 1d
[24] Basaran 2006 18 0,7d,21d, 6mns, Canine distalization IL-1B Tend to increase
16-19 +7d, +21d TNF-a Tend to increase
[25] Kawasaki 2006 15 0,1,24,168h Canine distalization RANKL 1d Lower ratio in adults
15+-3 OPG 1d Lower ratio in adults
15
31+-4
[26] Nishijima 2006 10 0,1,24,168h Canine distalization RANKL 1d No change at 1h or 168h
15+-2 OPG 1d No change at 1h or 168h
[1] Basaran 2006 17 0,7d, 21d, 6mns, Canine distalization -2 Tend to increase at 7d, back at 21d
17+-2 +7d, +21d IL-6 Tend to increase at 7d, back at 21d
IL-8 Decrease at 7d, back to baseline at 21d
[5] Giannopoulou 2006 18 0, 1,24, 168h Separation elastics IL-1B 1d Associated with pain at 24 h
9-14 PGE, Weak association with pain at 1h
[27] Yamaguchi 2006 9 0,1,4, 8, 24,72, Canine distalization IL-1B 1d Correlated with P-substance
22-2 120, 168h
[29] Toia 2005 6 0,4h, 10d Aligning IGF 4h Decreased 10d after
10-13 time-dependent decrease
[28] Hoshino-ltoh 2005 10 0,1,24,168h Canine distalization PAI 1d Increased only at 24h
23+-3 Increased only at 24h
[30] Iwasaki 2005 10 -28,-14,0, 1, 3, 14, Canine distalization IL-1B The ratio of both correlate with
10-30 28, 42, 56, 70, 84d IL-1ra the rate of tooth movement
[6] Tuncer 2005 10 0,1,24h,6d, Canine distalization IL-8 Tend to increase in early phase
15-17 10d, 30d
[31] Lee 2004 10 0,1,24,168h Canine distalization IL-18 1d Continuous: 168 h back to baseline
18-22 PGE, 1d Interrupted: higher level at reactivation
Continuous: 168 h back to baseline
Interrupted: remained high for 1wk
[32] Ren 2002 43 0, 24h Aligning IL-6 Upregulated in both age groups
10-14 PGE, Increased only in youngsters
41 Increased only in adults
21-27
[33] Iwasaki 2001 7 -28,-14,0, 1, 3, 14, Canine distalization IL-1B 28d periodic changes, no site difference
12-16 28, 42, 56, 70, 84d IL-1ra No periodicity, no site difference

(Continue)
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Table 1 (conclusion)
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Sample (n)

Reference / Article Age (y) Sampling (points) Method Cytokine  Peak  Results
[2] Tzannetou 1999 9 0,24h,7d, 14d, 21d Hyrax RME IL-18 Increased during active RME;
10-18 remained high in retention phase
[34] Uematsu 1996 12 0,1,24,168h Canine distalization IL-1B 1d No change at 1h or 168h
14 IL-6 1d No change at 1h or 168h
TNF-a 1d No change at 1h or 168h
No change at 1h or 168h
[37] Uematsu 1996 12 0,1,24,168h Canine distalization TGF-B1 1d No change at 1h or 168h
14
[35] Lowney 1995 20 0, 5min Canine distalization TNF-a More than twofold increase
12-36
[36] Grieve 1994 10 0,1, 24,48, 168h Aligning TNF-a 1d Increased at 1h, back to baseline at 168h
24-27 PGE 1d Stay high at 48, back to baseline at 168h

Potentially relevant studies identified and
selected for retrieval (n= 115)

5 Invirostudy(n=3)

! Animal study (n=4)

> Review (n=3)

Human study not on cytokine (n=233)

Human GCF study not on orthodontic tooth
oo | movement but on periodontitis

Human GCF study not on orthodontic tooth
[———————————> movement but on implants (n=2)

——— Not relevant (n=20)

Studies retrieved for more detailed
evaluation (n=40)

. StudynotonPGEoriL-1 (n=10)

Study with no indication on peak level or <3
observation points (n=4)

Human study not on gingival crevicular fluid
>  (GCF) (n= 14)

e | Studies of IL -17 but not on orthodontic tooth
movement (n=13)

Studies in Chinese (n= 2)

Studies included in the systematic
review (n = 25)

Figure 1. Flow chart of the literature search. The number of papers that
were excluded from the review is listed in the right column.

The number of sampling time-points varied from study
to study, and typically 1h and 1 day (1d) were included.
When mesial-distal movement forces were applied, most
studies sampled GCF only at pressure sides; otherwise, no

discrimination was made between pressure or tension sides.
Such discrimination was deemed necessary because different
biological processes are involved on pressure and tension
sides (bone resorption and bone formation, respectively).
Three studies compared cytokine levels at pressure and
tension sides, among which only one reported a significant
difference (higher cytokine levels at the tension side).

Cytokine levels were up-regulated in most studies
and many cytokines showed peaks at 1d, irrespective of
treatment mechanics.

Significant heterogeneity was observed in the study
design and report of data (Table 1), leading to the conclusion
that a meta-analysis was not necessary. Also, not all known
cytokines were investigated in such studies. Among the
25 studies, the most commonly studied cytokines were
IL-1B (n=12), PGE, (n=5), TNF-a (n=7), and IL-6 (n=5)
(Figure 1). Four studies [23,30,32,42] had to be excluded
from quantitative data synthesis because of insufficient
relevant data or fewer than three observation time-points
(Figure 1).

DISCUSSION

This systematic review analyzed studies on cytokines
produced in GCF during orthodontic movement. Several
cytokines have been analyzed in the literature, yet
unfortunately there was great heterogeneity in study design
and data reporting. Common failures were observed in
clinical and laboratory studies during selection of papers for
inclusion. Concerning the cytokine levels in GCF over time,
the most consistent results were peak levels of the different
cytokines at one day after application of orthodontic force,
regardless of the treatment mechanics [9,43].

Associations have been reported between pain intensity
and GCF cytokine levels. Giannopoulou et al. [5] reported
that simple routine procedures, such as placement of elastic
separators, could cause pain in children. These authors
reported fast release of biochemical markers (1h) with
peak after 1 day and partial decrease after 7 days. Similar
outcomes were observed for the intensity of pain, which
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was associated with PGE, levels at 1h, and with IL-13
levels at one day. Recently, Yamaguchi et al. (27) reported
significant correlation between IL-1 and substance P, which
is a peptide involved in pain and neurotransmission, during
orthodontic treatment in adults, indirectly supporting an
association between pain and IL-1f levels [9,43].

With regard to the speed of tooth movement, Iwasaki
et al. [23,30,42] observed positive correlation with the
IL-1B: IL-1 receptor antagonist (IL-1) ratio.

Once all studies in this review included no use of
antibiotic/anti-inflammatory drugs and proper oral hygiene
control before the experiment, the contributory influence
of gingivitis on the expression of cytokines in subjects of
different ages could be eliminated. Following this same
philosophy of strict oral hygiene, Dudic et al. [4] and
Tzannetou [2,3] concluded that the increased levels of
biochemical markers did not seem to be associated with
gingival inflammation. In the study of Dudic et al. [4], the
levels of IL-1B, SP and PGE, were detected immediately
after placement of separators. Amazingly, the levels of
IL-1B, SP, and PGE, were higher in tension compared to
compression sites. These increased levels may reflect the
biological activity that occurs during orthodontic movement.
For instance, IL-1B has been shown as a very sensitive
indicator of inflammation. This molecule is believed to be
mainly secreted by macrophages. However, accumulation
of macrophages in compression sites was observed at later
stages, after initiation of tooth movement. Possibly, during
the initial stage of orthodontic treatment, IL-1p is originated
from other periodontal cell types, such as osteoclasts, as an
immediate response to mechanical stress.

Data on IL-1B suggested that it is produced in response
to different treatment mechanics. Lee et al. [31] compared
the release of PGE, and IL-1p in continuous and interrupted
forces and reported that these regulatory proteins showed
different responses, with less consistent changes in PGE,
levels with different force protocols than IL-1pB, and no
evident response of PGE, to re-activation. These results
indicate that the mechanics may be a decisive factor
regulating cytokine production, and also that different
cytokines may respond differently to similar mechanics.

Considering the different patterns of expression of
IL-1B and PGE,, it may be assumed that, in orthodontic
tooth movement, force activation may initially trigger the
production of IL-1fB. Thereafter, increased IL-1p levels
combined with mechanical stress may combine to stimulate
PGE, production, as demonstrated by its rapid elevation
and peak at 1d. Subsequently, extended up-regulation of
PGE, may trigger a feedback mechanism that decreases
the IL-1pB levels, which in turn promotes an even faster
decrease in PGE,, irrespective of the sustained mechanical
stress. Additionally, IL-1f also responded to the intensity
of mechanics. Interleukin-1f levels displayed significant
elevation between 1h [4,5,36] and 1d. Peak of IL-1p was
observed at 1d [27,31,34], 72 h [35], or not at all [2]. Without
re-activation, IL-1 decreased significantly at 7 d to the base-
line level, yet reached a higher peak after re-activation [31].
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Moreover, a heavy decaying force [27,34] tended to
significantly decrease the IL-1 level at 7d, suggesting
the need for timely re-activation to keep sufficient IL-1§
production [43]. Light continuous force [30,31,42] tended
to maintain longer, relatively high IL-1B levels, allowing
a reduced frequency of re-activations [43]. These results
reveal important clinical implications for orthodontics and
provide evidence for the utilization of light continuous
force in orthodontics at the cellular level [44], since light
continuous forces induce relatively longer lasting levels of
cytokines, which are necessary for continuous periodontal
remodeling. Heavy decaying force may increase the risk
of root resorption and PDL hyalinization [45,46], and may
also tend to induce acute up-and-downs in cytokine levels,
which may cause undesirable tissue reactions and need for
more re-activations.

Many studies did not differentiate tension and pressure
sides, or merely look samples at pressure sides. Studies
sampling both sides did not reveal significant or consistent
difference [6,23]. Only one study [4] reported higher
levels of cytokine at the tension side at 1 min and 7d after
placement of separation elastics, yet this was not observed
at 1h and 1d. Thus, there may be no clear difference in
cytokines in GCF samples collected at tension or pressure
sites. This is probably related to the continuous circulation of
GCF in the periodontal ligament, and is supported by finite
element analyses revealing that compression and tension
areas were only observed when the PDL was modeled as
a linear material. So far, it may only be concluded that the
levels of cytokine in GCF may not be specific indicators of
periodontal remodeling at tension and pressure sites.

It has been suggested that the cellular response may
be part of a generalized increase in metabolic activity,
rather than a response to mechanical strain [4]. Also, there
is great difficulty in understanding cytokine biology due
to the number and complexity of these factors, besides
their overlapping activities and multiple biological
effects [1,10,11,47]. Thus, only analysis of a group of
regulatory proteins may indicate an organized and complex
cascade of cytokine-related cellular activities during
treatment [13,48]. Both the up-regulation of some cytokines
and their specificity to orthodontic movements should be
carefully interpreted.

CONCLUSION

This systematic review leads to the following conclusions:
1. Application of orthodontic forces causes release of
inflammatory bone-resorptive mediators at 1 h that reach
peak at 1 day.
2. The cytokines levels decrease after attaining peak values,
mostly at 1 day.
3. Arise in GCF levels of IL-1p has been linked to increased
pain intensity during orthodontic movement.
The present results revealed that light continuous forces
tended to maintain relatively high IL-1f levels for longer
periods, which is necessary for continuous periodontal
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remodeling and to reduce the frequency of re-activations.
Additionally, GCF studies have the advantage of being non-
invasive and allowing analysis of diagnosis and prognosis.
However, there is significant heterogeneity in published
papers as to the sample size, age, study periods, duration of
observations, and mechanisms employed. Therefore, future
studies should enhance the GCF sampling and measuring
protocols, addressing the relationship between cytokine
production and force re-activations and the expression of
cytokine receptors, in order to better illustrate the high
potential of GCF as a diagnostic tool to control the clinical
outcome in orthodontics.
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