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Abstract

Background/Aim. There is little information, about the dif-
ference in cytokine levels in the gingival crevicular fluid (GCF)
during orthodontic tooth movement (OTM), between juveniles
(children) and young adults (adults). The aim of this study was
to examine the levels of intetleukins 11.-13 and II.-6 in GCF of
these two age groups during the acute phase of OTM. Meth-
ods. The subjects, 10 children and 10 adults, underwent OTM
of a single tooth, with an untreated antagonistic tooth used as
the control group. GCF was sampled from both the control
and treatment sites right before the beginning (the baseline)
and 24 h, 72 h and 168 h upon initiation of OTM. Cytokine
levels were determined by enzyme-linked immunosorbent as-
say (ELISA). Results. The levels of both GCF IL-1f3 and IL-6
showed a bimodal peak during eatly phase of OTM, at 24 h
and 168 h, in both age groups. As the statistic has shown, the
increase in IL-1P levels was more prominent after 168 h in
treated teeth of children, compared to both children’s control

Apstrakt

Uvod/Cilj. Postoji malo podataka o razlikama u nivou ci-
tokina u gingivalnoj tecnosti (GT) kod dece i odraslih u
toku ortodontskog pomeranja zuba (OPZ). Cilj ove studije
bio je da se ispitaju koncentracije citokina IL-1B i IL-6 u
GT kod dece i odraslih u toku rane faze OPZ. Metode.
Ispitavanje je obuhvatilo dve grupe ispitanika — 10 dece i
10 odraslih osoba, kod kojih je postavljen ortodontski se-
parator izmedu drugog premolara i prvog molara na jednoj
strani, a suprotna strana je sluzila kao kontrolna. Uzorci
GT uzimani su i sa leCenih i sa kontrolnih zuba i to pre, 24
h, 72 h i 168 h nakon postavljanja separatora. Nivo citoki-
na odredivan je engyme-linked immunosorbent assay (ELISA)
metodom. Rezultati. Praéenje koncentracije IL-1p i IL-6

teeth and treated teeth of adults, whilst the GCF TL-6 levels in
the same group increased significantly after 24 h, as well as after
168 h, approximately 70 and 55 fold, respectively. In the same
time periods the increase of IL-6 levels in GCF of adults was
notably lesser, averaging approximately 5 and 10 fold, respec-
tively, compared to the control teeth. In addition, the amount
of tooth movement was statistically larger for children than for
adults 168 hours upon the initiation of OTM. Conclusion.
GCF IL-1B and IL-6 were inctreasingly exptessed during initial
phase of OTM in both children and adults. However, excretory
response of cytokines in children’s GCF, especially the concen-
tration of I1.-6, was at a significantly higher level than that of
adults’, which accords to the finding that the initial OTM is
faster in children.

Key words:

tooth movement; child; adolescent; adult; interleukin-
6; interleukin-1 beta; gingival cervicular fluid; acute-
phase proteins.

u GT u toku rane faze OPZ pokazalo je dva pika vrednos-
ti za oba citokina u obe grupe ispitanika — 24 h i 168 h od
postavljanja separatora. Medutim, porast vrednosti IL-1f3
bio je statisticki znacajno veéi kod dece nakon 168 h u GT
le¢enih zuba u odnosu na kontrolne, kao i u GT lecCenih
zuba dece u odnosu na le¢ene zube odraslih ispitanika. Sto
se tice koncentracije IL-6 u GT, ona je kod dece bila sta-
tisticki znacajno visa u GT lecenih zuba o odnosu na kon-
trolne vrednosti kako nakon 24 h posmatranja (povecanje
od oko 70 puta), tako i nakon 168 h posmatranja (poveca-
nje od oko 55 puta). Kod odraslih se zapazao isti trend u
povecanju koncentracije ovog citokina u GT lecenih zuba
u odnosu na kontrolne u posmatranim periodima, ali je to
povecanje, iako statisticki znacajno, bilo manje (oko 5 puta
posle 24 h i 10 puta posle 168 h posmatranja) u odnosu na
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isto kod dece. Uz to, stepen pomeranja zuba izrazen u mm
kod dece bio je statisticki visi od istog kod odraslih ispita-
nika nakon 168 h od primenjenog ortodontskog lecenja.
Zakljutak. IL-1B i IL-6 se poveéano luce u GT u toku
rane faze OPZ kako kod dece, tako i kod odraslih ispitani-
ka. Medutim, sekretorni odgovor, narocito u pogledu se-
krecije IL-06, daleko je veci kod dece nego kod odraslih is-

pitanike, sto je u skladu sa nalazom da je stepen pocetnog
pomeranja zuba brZi u ovoj populaciji ispitanika.

Kljuéne reci:

zub, pomeranje; deca; adolescenti; odrasle osobe;
interleukin-6; interleukin-1 beta; gingivalna sulkusna
teCnost; proteini akutne faze.

Introduction

During orthodontic correction of tooth position, the re-
modelling of periodontal ligament and alveolar bone takes
place, in response to mechanical load. The early phase of this
process is characterized by an aseptic inflammation. Various
pro-inflammatory cytokines have been suggested to play their
role in it. Inflammatory mediators may trigger the biological
processes associated with alveolar bone resorption and apposi-
tion'. In order to study these factors in humans, non-invasive
methods have been developed, which rely on results from gingi-
val crevicular fluid (GCF) samples. The GCF content is pre-
sumed to reflect the physiological status of the periodontal liga-
ment”. Interleukins (IL) IL-1pB and IL-6 are some of the first cy-
tokines to increase in levels in GCF, during the application of
orthodontic force. IL-1f is a key mediator, involved in a variety
of immune and acute-phase inflammatory response activities,
having been detected in GCF during orthodontic tooth move-
ment (OTM) **. IL-6 interacts directly with bone cells, playing
an important role in the local regulation of bone remodelling, as
well as in the acute inflammation associated with the OTM ™ °.
IL-1pB is an inducer of IL-6’, and they both participate in the
complex mechanism of mediators that regulate inflammation.

Although numerous studies on concentration of various
cytokines in GCF during OTM have been conducted, there is
little data available on the effect of age on cytokine produc-
tion in humans. The purpose of this work was to examine
and compare the expression of IL-13 and IL-6 cytokines in
GCF in children and adults, during the early phase of OTM.

Methods

Subjects

The subjects undergoing orthodontic treatment were 10
children (ages 9-14, mean age 13) and 10 adults (ages 19—
24, mean age 20), without any health issues, selected accord-
ing to following criteria: 1) good general health; 2) no anti-
biotic therapy within 3 months prior to the study; 3) no anti-
inflammatory drugs, nor analgesics in the month preceding
the study; 4) healthy periodontium with generalized probing
depth of 2 mm. The study was performed with the informed
consent of the adult patients and the children’s parents, and
was approved by the Ethics Committee of the Faculty of
Medicine in Kosovska Mitrovica.

Application of force

Orthodontic elastic separator (Dentalastics separators
blue 2.1 mm, Dentaurum, Germany) was inserted between the

second premolar and the first permanent molar in the mandible
(experimental site). The untreated antagonistic tooth served as
the control group. Both control and experimental sites showed
good periodontal status. The amount of tooth movement was
measured by digital nonius, using new splint for each patient.
The precision of nonius measurement was 0.1 mm.

GCF collection

GCF was sampled at the control and treatment sites right
before (the baseline), 24 h, 72 h, and 168 h (the checkpoints)
after initiation of orthodontic treatment. Paper strips were in-
serted into the gingival crevice for 60 s, then transferred into
the plastic tubes and stored at -70 °C until use. GCF was elut-
ed from each strip into 250 pL phosphate buffered saline
(PBS) and extracted by 5 min centrifugation at 15 G.

Cytokine levels determination

Cytokines levels in GCF were determined using en-
zyme-linked immunosorbent assay (ELISA) kits specific for
each cytokine (Quantikine® HS ELISA Assay, R&D systems
Inc. USA), and reported as the total mass (in pg) per 60 s
GCF sample. The lower detection limits were 0.125 pg/mL
and 0.156 pg/mL for IL-1a and IL-6, respectively.

Statistics

Statistical analysis was performed using Mann-Whitney
tests and SPSS for Windows p < 0.05 was considered significant.

Results

In general, analysis of GCF samples showed detectable
amounts of both IL-1p and IL-6, in control and treated teeth
of all subjects, throughout the observation period. Moreover,
the presence of the IL-1f significantly exceeded that of IL-6
cytokines in all the examined fluid samples.

Control GCF concentrations of IL-1f and IL-6 in chil-
dren and adults

Concentrations of IL-1p and IL-6 in GCF of the control
teeth of children and of adults were similar (Table 1). Both
IL-1B and IL-6 were present in measurable amounts in all
GCF samples of the control teeth, in both examined groups.
Generally, GCF IL-1B concentrations significantly exceeded
those of IL-6 in both examined groups, in normal conditions.
Mean values of GCF IL-1 B concentrations were between 8.5
pg/min and 10.3 pg/min, and 5.3 pg/min and 6.1 pg/min in
the children and adult groups respectively, in observation pe-
riod, while the mean values of GCF IL-6 concentrations were
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Table 1
Control GCF concentrations of IL-1$ and IL-6 in children and adults

Interleukin Baseline 24 h 72 h 168 h p

IL-1B Children 89+2.4 87+24 10.3+3.7 85+24 s

(pg/60 sec)* Adult 6.0£1.9 6.1+1.1 6.0+1.2 53+£22 ’

IL-6 Children 0.03 £0.01 0.03+£0.00 0.04+0.01 0.03 +£0.00 s,

(pg/60 sec)* Adult 0.05+0.02 0.10£0.03  0.10+0.04 0.02 +0.00

*Values were done as mean * standard error; ns — non significant; GCF — gingival crevicular fluid; IL — interleukin.

between 0.03 pg/min and 0.04 pg/min, and 0.02 pg/min and
0.1 pg/min in the children and adult groups, respectively, in
the same period. The control values of IL-1 B in GCF were
notably higher in children than in adults in all time intervals,
but these differences were not statistically significant. How-
ever, control GCF IL-6 values were somewhat lower in chil-
dren than in adults in the same time intervals, also without
statistical significance.

GCF concentrations of IL-1f in children and adults
during the acute phase of OTM

The concentrations of IL-1 B in GCF of children and
adults are shown in Figure 1. Our results indicate a bimodal
peak of IL-1p levels in GCF during the early phase of OTM,

in both children and adult groups: the baseline concentrations
increased 24 h and 168 h after the application of the separa-
tor. In addition, by comparison, this increase was more
prominent in adults group after 24 h, but in children’s group
after 168 h. However, 24 h into OTM, the peak IL-1p value
of the children group exceeded the said value in the adults
group, but this difference was not statistically significant.
The only statistically significant difference in GCF IL-1j3
concentrations was at 168 h between the control and treated
teeth of the children (p < 0.05).

The comparison of GCF concentrations of IL-1p of or-
thodontically treated teeth of children and adults is offered in
Figure 2. The higher concentrations of IL-1B in GCF of
treated teeth were first observed in children, then in adults, at
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Fig. 1 — Gingival crevicular fluid (GCF) concentrations of interleukin-1p (IL-1p) in children and adults during the acute
phase of orthodontic tooth muvement (OTM); *p < 0.05 [treated (experimental) teeth in children vs control teeth in
children].
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Fig. 2 — Gingival crevicular fluid (GCF) concentrations of interleukin-1 (IL-1p) during the acute phase of
orthodontic tooth movements (OTM); *p < 0.05 (children vs adults).
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all checkpoints, but the only statistically significant differ-
ence was at the baseline and again at 168 h. Apparently,
children had a statistically significantly higher level of IL-1p
at the starting point of the experiment (p < 0.05), as well as
168 h into OTM (p < 0.05).

GCF concentrations of IL-6 in children and adults dur-
ing acute phase of OTM

The concentrations of IL-6 in GCF in children and
adults are shown in Figure 3. Mechanical load applied to to-
oth triggered a significant release of IL-6 24 h upon initiation
(»<0.05), as well as after 168 h (p<0.05), in both
examined groups. Peak values at 24 h were higher than at
168 h. Moreover, in addition to statistically significant diffe-
rences of IL-6 concentrations in GCF between the treated
and the control teeth in both examined age groups, in the said
checkpoints, higher concentrations were found in the chil-
dren group. Whilst the GCF levels of IL-6 in the children
group increased at 24 h and 168 h approximately by 70 and
55 fold, respectively, in adults they increased approximately
by 5 and 10 fold, respectively compared to the control teeth
(data not shown). Also, statistically significantly higher IL-6

concentrations in GCF of treated teeth were observed 72 h
into OTM only in the children group (p<0.05),
approximately a 10 fold increase, compared to the corres-
ponding control teeth (data not shown).

When we compared IL-6 concentration in GCF of trea-
ted teeth in adults to those in children, the higher concentra-
tions of IL-6 were observed in children at all checkpoints,
but the only statistically significant differences were at 72 h
and 168 h (p < 0.05) (Figure 4).

The amount of tooth movement after OTM

The amount of tooth movement for children
(1.08 + 0.04 mm) was larger than for adults (0.89 + 0.04) af-
ter 168 h of acute phase of OTM. This difference was
statistically significant (p < 0.003) (Figure 5).

Correlation between the GCF levels of IL-1b and IL-6
and the velocity of tooth movement after acute phase of OTM

A positive nonsignificant correlation between the levels
of both cytokines in GCF and the average velocity of tooth
movement was evident in children, while in adults such cor-
relation was registered only for IL-1p (Figure 6).
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Fig. 3 —Gingival crevicular fluid (GCF) concentracions of interleukin-6 (IL-6) in children and adults during the
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Fig. 5 — Tooth movements (mm) at 168 h after acute phase of orthodontic tooth movements (OTM)
in children and adults,*p < 0.003 (children vs adults).
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Fig. 6 — Correlation between cytokine levels and the velocity of tooth movement.

Discussion

Age has to be considered as a contributing factor compro-
mising the remodelling potential, ie inflammatory response of
parodontium during OTM, but the information about cytokine
levels and other signal molecules in the GCF regarding patients
of different age are sparse. Some of the previous studies demon-
strated variations in the levels of different cytokines and signal
molecules, including IL-1B, IL-4, IL-6, IL-8, GM-CSF, pros-
taglandin E2 (PGE2), receptor activator of NF xB ligand
(RANKL), osteoprotegerin (OPG) and pentraxin-3, regarding
age and orthodontic activation period correlation. Those studies
might explain why the speed of orthodontics treatment differs
between children and adults * " to such a large extent. The pre-
sent study was designed to evaluate changes in expression of IL-
1B and IL-6 in GCF during the early phase of orthodontic treat-

ment, the difference in this process between children and adults
(different age groups), as well as its effects on amount of tooth
movement in these two groups.

The contents of IL-1pB and IL-6, as detected by ELISA,
were measured as total cytokine mass per GCF volume se-
creted in 60 s per strip, and expressed in pg/60 s. We believe,
as do some other authors, that in the described manner the
amount of cytokines in GCF, secreted by periodontal tissues,
is presented most realistically ''*, and taken most accu-
rately, considering the specific need for the concentration to
be expressed in pg/uL GCF or pg/g protein of GCF .

The contents of the IL-1p significantly exceeded those
of IL-6 cytokines in the fluid of both control and treated
teeth, both in children and adults, as had also been reported
in other studies > '*"®. Our results indicate that IL-1 B levels
in GCFs during the early phase of OTM showed a bimodal

Vujaci¢ A, et al. Vojnosanit Pregl 2017; 74(3): 219-226.
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peak in both children and adult groups, but after 24 h this in-
crease was more prominent in the adults group, but after 168 h
it was in children. There were statistically significant higher
levels of IL-1p in the very beginning of OTM, as well as 168 h
from the beginning of treatment, in GCF samples of children’s
treated teeth, in comparison to those of adults. Our findings are
consistent with previously reported data on increased levels of
proinflammatory cytokines, including IL-1p and IL-6, in GCF
during human OTM *®**'®8 I the present study, we found
that the content of IL-1f in GCF increased 24 h into OTM in
both children and adults, this being the most consistent result
reported in the literature™>'*"°. However, individual varia-
tions of IL-1p in GCF levels were very high, for which reason
the only statistically significant difference in concentration of
IL-1pB in GCF was the one occurring after 168 h between the
treated and the control teeth in the children’s group. Results of
other studies indicate that equivalent force systems during
OTM induce individually different cytokine production, which
correlates with individual differences in the velocity of canine
retraction °. There is evidence that IL-1p, IL-1 receptor an-
tagonist (IL-1RA) and IL-1 gene polymorphisms probably
play a part in OTM. The speed of tooth movement is related to
stress and levels of IL-1B, IL-1RA and IL-1 gene polymor-
phisms in GCF'"*?'. Three factors that significantly affected
the speed and provided the best predictive model for effective
teeth movement were: activity index [Al = experimental (IL-
1B/IL-1RA)/control (IL-1beta/IL-1RA)], concentration of IL-
1RA in GCF and genotype of IL-1B*.

The source of IL-1B, as well as other cytokines and
regulatory molecules, in GCF, during OTM, may more likely
come from the compressed periodontal ligament, the resorb-
ing bone adjacent to the root surface or the adjacent gingiva.
Hence patients involved in orthodontic treatment belong to
different age groups, the age has to be taken into considera-
tion as a contributing factor compromising the remodelling
potential of periodontal tissues, as proposed in sparse publi-
cations. One recent study proposed that decreased periodon-
tal ligament (PDL) metabolic activity is the reason for lower
protein expression of signal molecule including fibroblast
growth factor-basic (bFGF), fibroblast growth factor receptor
1 (FGFR1), IL-6, matix metalloproteinase 8 (MMP-8), and
matix metaloproteinase 9 (MMP-9) in older patients, and that
activity of remodelling process of periodontal tissue de-
creases with aging and expression of signalling molecule de-
creases in adults . An explanation of data regarding the sta-
tistically significant rise of IL-1f level in children at the start
and after 168 h of OTM, compared to the adult group, as
well as the explanation to why the peak IL-1p value in 24 h
of OTM of the group of children exceeds the equivalent
value of adults’, lies within the above mentioned finding that
there is increased PDL metabolic activity in younger pa-
tients '’, and that the advanced level of IL-1B in GCF reflects
higher cell activity in the periodontium during OTM "', It
must be emphasized once again that in our study the second
peak of IL-1p after 168 hours of OTM was registered only in
the group of children.

IL-6 also showed the highest peak 24 h after placing the
separator, in both groups, with a statistical significance, the

increase in relation to the initial values being much higher in
children than in adults. When we compared IL-6 concentra-
tion in GCF of the treated teeth between the adults and the
children, the higher concentrations of IL-6 were observed in
the later, throughout the observation period, but the only sta-
tistically significant differences were after 72 h and 168 h.
The explanation for such results could be found in reports of
other researchers, stating that inflammatory mediator levels,
including IL-6, advance quicker in children than in adults’.

Although varying in the quantitative level, the observed
changes of the two cytokines are matched time-wise. This find-
ing is mostly accordant to the data available in the literature, es-
pecially those considering the group (not all authors have exam-
ined both cytokines simultaneously), showing that the level of
IL-1pB and IL-6 both increases rapidly 24 hours after placing the
separator > %% 1617:2427 placing separators led to the early in-
flammatory response of local tissue, which is consistent with the
generally accepted view of acute inflammation as a driving force
of the process that leads to the remodelling of the periodontal
tissues upon mechanical stress. Released at the site of inflamma-
tion, whether directly or indirectly (through the substance af-
fected by the synthesis and secretion), they react with bone cells,
initiating the process of bone resorption " .

It is known that IL-1p affects the initiation of IL-6°, so an
increase in the content of IL-6, along the line of increasing IL-153
level, may be due to the described effect of IL-1p. IL-6 is gener-
ally considered a proinflammatory cytokine, and it is possible
that the increase of its concentration 24 h after the initiation of
orthodontic treatment was in function of mediation in the proc-
ess of acute inflammation. Finding that IL-6 has increased many
times over, shows that it is possible this cytokine is indeed part
of the feedback mechanism regulating value of IL-1p.

It turned out that teeth movement in relation to the ini-
tial position was statistically higher in children (1.08 + 0.11
mm) than in adults (0.89 = 0.12 mm). Therefore, a positive
correlation, though not statistically significant, was drawn
between the tooth movement and the content levels of IL-6
and IL-1p, in children. In the group adults the trend was ob-
served only for IL-1p. There is not much data on the effect of
the concentration of cytokines on the degree and rate of tooth
movement in the literature. Iwasaki et al. '* had showed that
there is a positive correlation of contents of IL-1B and the
rate of tooth movement per day, having observed seven pa-
tients (mean age 13 years) for 84 days. The trend is some-
what consistent with our finding that in a 7-day period the
content levels of IL-1B correlated with the amount of tooth
movement. Under identical conditions, large interindividual
differences occur regarding the speed of movement of the
teeth®’, in both humans and animals, including genetically
homogeneous individuals '>'7#*33¥ For differences in the
degree of tooth movement between children and adults,
where orthodontically treated teeth of children manifested
significantly greater movement than those of adults, we have
no clear explanation. Despite the occasional doubts about the
effectiveness of orthodontic treatment in adults, clinical ex-
perience has shown that the movement of teeth through al-
veolar bone in adults is workable, but requires more time **.
The opinion is that adults’ biological ability to move the
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teeth is reduced by one-third in comparison to that of chil-
dren’s '***°. This assertion is based on thoroughly familiar
limitations of adult biological bones, the composition of
which changes with aging, in reflection of the cells becoming
less reactive, due to the slowing of metabolism.

Conclusion

GCF IL-1B and IL-6 were increasingly expressed dur-
ing the initial phase of OTM both in children and adults.
However, the levels of these cytokines, especially IL-6 con-

centrations, advance quicker in juveniles than in young
adults, which concurs the finding that the initial OTM in ju-
veniles is faster than in adults.

Acknowledgement

The research was supported by the grant number
175061 from the Ministry of Education, Science and Tech-
nological Development, Republic of Serbia. The authors are
grateful to Professor Sada Scéepanovié, translator, for his
excellent assistance in proofreading of english text.

REFERENCES

1. Davidovitch Z, Nicolay O, Ngan PW, Shanfeld JL. Neurotransmit-
ters, cytokines and control of alveolar bone remodeling in ort-
hodontics. Dent Clin North Am 1988; 32(3): 411—-35.

2. Uematsu S, Mogi M, Deguchi T. Interleukin (IL)-1 beta, IL-6, tu-
mor necrosis factor-alpha, epidermal growth factor, and beta
2-microglobulin levels are elevated in gingival crevicular fluid
during human orthodontic tooth movement. | Dent Res 1996;
75(1): 562—7.

3. Grieve WG, Jobnson GK, Moore RN, Reinhardt RA, Dubois .M.
Prostaglandin E (PGE) and interleukin-1 beta (IL-1 beta) le-
vels in gingival crevicular fluid during human orthodontic to-
oth movement. Am ] Ortod Dentofac Orthop 1994; 105(4):
369—74.

4. Bagaran G, Ozer T, Kaya FA, Hamamei O. Intetleukins 2, 6, and
8 levels in human gingival sulcus during orthodontic treat-
ment. Am ] Orthod Dentofacial Orthop 2006; 130(1): 7.e1—6.

5. Okada N, Kobayashi M, Mugikura K, Okamatsu Y, Hanazawa S,
Kitano S, et al. Interleukin-6 production in human fibroblasts
derived from periodontal tissues is differentially regulated by
cytokines and a glucocorticoid. | Periodont Res 1997; 32(7):
559—69.

6. Franchimont N, Wertz S, Malaise M. Interleukin-6: An osteotro-
pic factor influencing bone formation. Bone 2005; 37(5):
601—6.

7. Palmquist P, Lundberg P, Lundberg I, Hénstrom L, Lerner UH. 1L~
1beta and TNF-alpha regulate 1L-6-type cytokines in gingival
fibroblasts. ] Dent Res 2008; 87(6): 558—63.

8. Zbang D, Ren Y. Comparison of GCF biochemical components
changes during orthodontic tooth movement between children
and adults. Yhonghua Kou Quiang Yi Xue Za Zhi 2001; 36(3):
219-21. (Chinese)

9. Ren Y, Maltha JC, Van't Hof MA, Von den Hoff JW, Kugjpers-
Jagtman AM, Zhbang D. Cytokine levels in crevicular fluid are
less responsive to orthodontic force in adults than in juveniles.
J Clin Periodontol 2002; 29(8): 757—62.

10. Kawasaki K, Takahashi T, Yamagnchi M, Kasai K. Effects of
aging on RANKL and OPG levels in gingival crevicular fluid
during orthodontic tooth movement. Orthod Craniofac Res
20006; 9(3): 137—42.

11. Giannopoulon C, Mombelli A, Tsinidon K, V asdekis 1/, Kamma J.
Detection of gingival crevicular fluid cytokines in children and
adolescents with and without fixed orthodontic appliances.
Acta Odontol Scand 2008; 66(3): 169—73.

12. Shibebe PC, Starobinas N, Pallos D. Juveniles versus adults: Differen-
ces in PGE2 levels in the gingival ctevicular fluid duting ortho-
dontic tooth movement. Braz Oral Res 2010; 24(1): 108—13.

13. Surlin P, Rauten AM, Silosi 1, Foia L. Pentraxin-3 levels in gingi-
val crevicular fluid during orthodontic tooth movement in
young and adult patients. Angle Prthod 2012; 82(5): 833—8.

14. Dudic A, Kiliaridis S, Mombelli A, Giannopoulon C. Composition
changes in gingival crevicular fluid during orthodontic tooth

movement: comparisons between tension and compression si-
des. Eur J Oral Sci 2006; 114(5): 416—22.

15. Iwasaki IR, Haack JE, Nickel JC, Reinhardt RA, Petro TM. Hu-
man interleukin-1 beta and intetleukin-1 receptor antagonist
secretion and velocity of tooth movement. Arch Oral Biol
2001; 46(2): 185-9.

16. Ren Y, Hazemaijer H, de Haan B, Qu N, de Vos P. Cytokine pro-
files in crevicular fluid during orthodontic tooth movement of
short and long durations. ] Periodontol 2007; 78(3): 453—8.

17. Ren Y, Vissink A. Cytokines in crevicular fluid and orthodontic
tooth movement. Eur ] Oral Sci 2008; 116(2): 89—-97.

18. Grant M, Wilson |, Rock P, Chapple 1. Induction of cytokines,
MMP9, TIMPs, RANKL and OPG during orthodontic tooth
movement. Eur | Orthod 2013; 35(5): 644—51.

19. Iwasaki LR, Gibson CS, Crouch LD, Marx DB, Pandey JP, Nickel
JC. Speed of tooth movement is related to stress and IL-1 gene
polymorphisms. Am ] Orthodont Dentofac Orthoped 2006;
130(6): 698.¢1-698.¢9.

20. Salla J'T, Taddei SR, Queiroz-Junior CM, Andrade |1, Teixeira MM,
Silva TA. The effect of IL-1 receptor antagonist on orthodon-
tic tooth movement in mice. Arch Oral Biol 2012; 57(5):
519—24.

21. LiY, LiM, Tan 1, Huang S, Zhao L, Tang T, et al. Analysis of time-
course gene expression profiles of a periodontal ligament tissue
model under compression. Arch Oral Biol 2013; 58(5): 511—22.

22. Iwasaki LR, Chandler JR, Marx DB, Pandey JP, Nicke! JC. 11-1
gene polymorphisms, secretion in gingival crevicular fluid, and
speed of human orthodontic tooth movement. Orthod Crani-
ofac Res 2009; 12(2): 129—40.

23. Grzibovskis M, Urtane 1, Pilmane M. Specific signaling molecule
expression in periodontal ligaments in different age groups: Pi-
lot study. Stomatologija 2011; 13(4): 117-22.

24. Albashimi N, Frithiof 1, Brudvik P, Bakhiet M. Orthodontic tooth
movement and de novo synthesis of proinflammatory cytokines.
Am ] Orthod Dentofacial Orthop 2001; 119(3): 307—12.

25. Grant M, Wilson ], Rock P, Chapple I. Induction of cytokines,
MMP9, TIMPs, RANKL and OPG during orthodontic tooth
movement. Eur ] Orthod 2013; 35(5): 644—51.

26. Lee K], Park YC, Yu HS, Choi SH, Yoo Y]. Effects of continuo-
us and interrupted orthodontic force on interleukin-1beta and
prostaglandin E2 production in gingival crevicular fluid. Am ]
Orthod Dentofacial Orthop 2004; 125(2): 168—77.

27. Yamagushi M, Yoshii M, Kasai K. Relationship between substance P
and interleukin-1beta in gingival crevicular fluid during orthodon-
tic tooth movement in adults. Eur | Orthod 2006; 28(3): 241—06.

28. Madureira DF, Taddei SA, Abreu MH, Pretti H, Lages EM, da Sil-
va TA. Kinetics of intetleukin-6 and chemokine ligands 2 and
3 expression of periodontal tissues during orthodontic tooth
movement. Am | Orthod Dentofacial Orthop 2012; 142(4):
494-500.

Vujaci¢ A, et al. Vojnosanit Pregl 2017; 74(3): 219-226.



Page 226

VOJNOSANITETSKI PREGLED

Vol. 74, No. 3

29.

30.

31.

32.

33.

34.

35.

Maeda A, Soejima K, Bandow K, Kuroe K, Kakimoto K, Miyawaki S,
et al. Force-induced IL-8 from periodontal ligament cells
requires IL-1beta. ] Dent Res 2007; 86(7): 629—34.

Giiveng B, Ozer T, Kaya FA, Kaplan A, Hammamci O. Interleuki-
ne -1beta and tumor necrosis factor-alpha levels in the human
gingival sulcus during orthodontic treatment. Angle Orthod
2006; 76(5): 830—06.

Pilon ], Kuijpers-Jagtman AM, Maltha JC. Magnitude of orthodo-
tic forces and rate of bodily tooth movement. An experimental
study. Am ] Orthod Dentofacial Orthop 1996; 110(1): 16—23.
Kobno T, Matsumoto Y, Kanno 7, Warita H, Soma K
Experimental tooth movement under light orthodontic forces:
rates of tooth movement and changes of the periodontium. ]
Orthod 2002; 29(2): 129-35.

von Bohl M, Maltha JC, von den Hoff JW, Kuijpers-Jagtman AM.
Focal hyalinization during experimental tooth movement in
beagle dogs. Am | Orthod Dentofacial Orthop 2004; 125(5):
615—23.

Baba S, Kuroda N, Arai C, Nakamura Y, Sato T. Immunocom-
petent cells and cytokine expression in the rat periodontal li-
gament at the initial stage of orthodontic tooth movement.
Arch Oral Biol 2011; 56(5): 466—73.

Taddei SR, Moura AP, Andrade JI, Garlet GP, Garlet TP, Teixeira
MM, et al. Experimental model of tooth movement in mice: A
standardized protocol for studying bone remodeling under

36.

37.

38.

39.

40.

compression and tensile strains. | Biomech 2012; 45(16):
2729-35.

Taddei SR, Andrade ]I, Queiroz-Junior CM, Garlet TP, Garlet GP,
Cunbha FQ, et al. Role of CCR2 in orthodontic tooth move-
ment. Am ] Orthod Dentofacial Orthop 2012; 141(2): 153—60.
Teixceira CC, Khoo E, Tran ], Chartres I, Lin Y, Thant I.M, et al.
Cytokine expression and accelerated tooth movement. | Dent
Res 2010; 89(10): 1135—41.

Tanne K, Yoshida S, Kawata T, Sasaki A. An evaluation of bio-
mechanical response of the tooth and petiodontium to ortho-
dontic forces in adolescent and adult subjects. Br | Orthod
1998; 25(2): 109—15.

Boas Nogueira AV, Chaves de Souya | A, Kim Y], Damiao de Sonsa-
Neto M, Chan CC, Cirrelli |A. Orthodontic force increases in-
terleukin-18 and tumor necrosis factor-a expression and alveo-
lar bone loss in periodontitis. ] Periodontol 2013; 84(9):
1319-26.

Giz G. Die Altersabhingigkeit der Gewebereaktion bei
Zahnbewegungen. Fortschr Kieferorthop 1990; 51(1): 4-7.

Received on April 25, 2015.
Revised on October 05, 2015.
Accepted on October 07, 2015.
Online First on July, 2016.

Vujaci¢ A, et al. Vojnosanit Pregl 2017; 74(3): 219-226.



