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Abstract
Background. Orthodontic tooth movement (OTM) is a  complex phenomenon mediated by cytokines, 
of  which interleukin-1 beta (IL-1β) is potently involved in the remodeling of  the periodontal ligament 
(PDL) and bone. Whether the pattern of IL-1β release differs at the sides of tension and compression is not 
yet clarified.

Objectives. The aim of  the present study was to evaluate the level of  IL-1β and the ratio of  IL-1β to 
interleukin-1 receptor antagonist (IL-1RA) in gingival crevicular fluid (GCF) at the tension and compression 
sides during orthodontic canine retraction. 

Material and methods. Seventeen patients scheduled for orthodontic treatment with bilateral extrac-
tion of maxillary first premolars and canine retraction were enrolled. Tooth 2.3 was retracted, teeth 1.3 and 
3.3 served as controls. Gingival crevicular fluid samples were collected from the tension and compression 
sides of each tooth at baseline (before the 1st activation – day 0) and at days 2 and 7, and then again before 
the 2nd activation (day 28) and at days 30 and 35. The levels of IL-1β and IL-RA were evaluated with the 
enzyme-linked immunosorbent assay (ELISA).

Results. After the 1st activation, a statistically significant increase in the level of  IL-1β was observed at 
teeth 2.3 (p < 0.03 mesially and p < 0.05 distally) and 1.3 (p < 0.05 mesially and distally), both at the 
tension and compression sides. The 2nd activation resulted in a gradual increase in the IL-1β level at both 
canines; however, statistical significance was reached only for tooth 2.3 (p < 0.05 mesially and p < 0.02 
distally). In terms of the IL-1β/IL-1RA ratio, a significant increase was observed only at the compression 
side of the experimental tooth (p < 0.01).

Conclusions. An increase in the IL-1β level in GCF was observed both at the tension and compression 
sides of  the actively retracted canine 2.3 as well as the contralateral canine 1.3; a significant rise in the 
IL-1β/IL-1RA ratio was noted only at the compression side of the experimental tooth 2.3, indicating the 
zone of active bone resorption. 
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Introduction
Orthodontic tooth movement (OTM) is based on the 

periodontal ligament (PDL) and alveolar bone remo
deling induced by an external force exerted by an orth
odontic appliance.1 Sterile inflammation is the essence 
of  this biological response.2 Migrating immune cells 
and native cells residing in PDL synthesize and release 
a plethora of cytokines, growth factors, and metabolites 
of  arachidonic acid.3,4 Although not fully elucidated, 
their hypothesized role is to mediate tooth movement by 
promoting the differentiation, maturation and activation 
of cells responsible for bone remodeling.5,6

Many studies have shown elevated levels of  several 
inflammatory cytokines, such as interleukin1 beta 
(IL1β), interleukin6 (IL6), interleukin8 (IL8), and 
tumor necrosis factor alpha (TNFα), in gingival crevi
cular fluid (GCF) upon the application of the orthodontic 
force to the tooth.7–9 Among those, Il1β, a key media
tor in a variety of activities in immune and acutephase 
inflammatory responses,10 seems to be one of the most 
potent mediators in the process of periodontal tissue re
modeling at the initial stages of OTM.11,12 Its major role 
is to activate osteoclasts and promote their fusion and 
survival.11,12 It has been shown that upon the application 
of the retracting force to the maxillary canine, the level 
of IL1β in GCF at the distal aspect of the tooth elevates, 
reaching its peak upon 24–72 h.13,14 Also, a positive cor
relation between the Il1β level in GCF and the rate 
of OTM has been described.15,16 In vivo, the biological 
activity of  IL1β is controlled by a  naturally occurring 
antagonist of  its receptor, interleukin1 receptor an
tagonist (IL1RA). The application of mechanical stress 
to the tooth is related not only to an absolute increase 
in IL1β secretion, but also to an elevated value of  the 
IL1β/IL1RA ratio.15 Interleukinl beta also stimulates 
the production of IL6, which, just like IL1β, expresses 
synergistic activity.11

It is well documented that proinflammatory cyto
kines are involved in bone resorption and the inhibi
tion of  bone formation.15 Thus, they facilitate OTM 
by acting particularly at the pressure side.11 Probably, 
a distinct subset of cytokines plays a role in bone appo
sition at the side of tension. Within these premises, the 
majority of studies on canine retraction evaluated the 
cytokine content of GCF only at the side of compres
sion.13,17 The pattern of their release and their potential 
role in bone apposition at the tension side are not yet 
clarified. Therefore, the aim of the present study was to 
evaluate the GCF level of IL1β and the ratio of IL1β 
to IL1RA at the compression and tension sides dur
ing OTM (canine retraction) in adolescents. The null 
hypothesis of the study was that there is no difference 
between the tension and compression sides in terms 
of either the concentration of IL1β or the IL1β/IL1RA 
ratio in GCF.

Material and methods

Study population 

Seventeen patients (8 males and 9 females) aged from 
13 to 18 years (mean age: 16 ±4 years) scheduled to start 
orthodontic treatment at the Department of Orthodon
tics, Dental University Clinic in Kraków, Poland, were 
enrolled to the study. The participants had to meet the 
following inclusion criteria: 1. no systemic diseases; 2. no 
use of systemic antibiotic therapy within 2 weeks prior to 
inclusion; 3. no use of systemic antiinflammatory drugs 
within 1  week prior to inclusion; 4.  good periodontal 
health (i.e., the bleeding on probing index (BOP) value 
not exceeding 10%, no probing depths exceeding 2  mm 
and no bone loss in the radiographic examination); and 
5. the necessity for canine retraction in the course of orth
odontic treatment. Ineligibility with respect to any of the 
inclusion criteria and/or no consent to the enrollment 
to the study, expressed by either the patient and/or the 
parents, constituted the basis for exclusion. Among the 
patients of the study group, the following malocclusions 
were present: maxillary and mandibular crowding (9 pa
tients); distoocclusion (1  patient); distoocclusion with 
maxillary and mandibular crowding (5 patients); an open 
bite (1 patient); and the agenesis of maxillary lateral inci
sors (1 patient).

The study protocol was reviewed and approved by the 
Bioethical Committee (approval No. KBET/466/B/2003). 
All patients and their parents gave written informed con
sent to participation upon receiving detailed explanation 
of the aim and course of the study.

Course of orthodontic treatment 

Careful anamnesis, physical examination, analysis 
of cast models, orthopantomograms (OPGs), and cepha
lometric radiographs were carried out for each patient. 
The treatment plan for the included patients, except for 
the one with the agenesis of lateral incisors, involved the 
extraction of maxillary first premolars. All patients were 
scheduled for maxillary canine retraction. Upon the 
extractions of  premolars, orthodontic separators were 
placed in the maxillary arch. One week later, bands were 
bonded on the maxillary first molars. Metal brackets 
(Victory Series™ MBT .022”; 3M Unitek, Maplewood, 
USA) were bonded onto the teeth in the upper arch. 
Additionally, all patients received transpalatal arch
es (TPAs) bended from a  0.9millimeter wire in order 
to prevent the mesial movement of  first molars dur
ing active canine retraction. The retraction of  canines 
was performed according to an  individual orthodontic 
treatment plan based on a careful examination of each 
patient, and the analysis of OPGs, cephalometric radio
graphs and plaster models.
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In each patient, the retraction was firstly initiated for 
the upper left canine (tooth 2.3), which was the experi
mental tooth. The retraction of  the contralateral canine 
(tooth 1.3) was delayed by 2 months, until the end of the 
experimental procedure (GCF collection –  see below). 
Teeth 1.3 and 3.3 served as controls.

All patients received also orthodontic treatment in the 
lower arch by means of fixed orthodontic appliances upon 
the completion of the experimental procedure in order to 
ensure proper occlusal relations. Orthodontic treatment 
lasted around 2 years in each patient. Upon the comple
tion of the treatment, all patients were provided with a re
movable splint for the maxillary arch and a  fixed orth
odontic retainer in the mandibular arch.

Experimental procedure  
– recorded parameters 

In each patient, GCF was collected from the me
sial and distal aspects of  the experimental tooth 2.3 
and the control teeth (1.3 and 3.3). The GCF collection 
was performed initially before the 1st activation of  the 
appliance (day 0), and 48 h (day 2) and 168 h (day 7) after 
the 1st activation. After 4 weeks, GCF was sampled again 
before the 2nd activation (day 28), and 48 h (day 30) and 
168 h (day 35) after the 2nd activation. The study protocol 
is presented on the flowchart (Fig. 1).

GCF collection 

Each patient received detailed oral hygiene instructions 
prior to the placement of  brackets, and was motivated 
to reinforce oral hygiene throughout the entire experi
mental period in order to minimize the influence of gin
gival inflammation on the cytokine levels. Additionally, 
the patients were instructed to rinse their mouth with 
0.1% chlorhexidine mouthwash for 1 min twice a day, for 
2 weeks prior to the GCF collection procedure.

At the appointments for the GCF collection, the sam
pling teeth were isolated with cotton rolls and suction, 
cleaned with cotton pellets soaked in distilled water and 
gently dried with air from an air syringe. Gingival crevicular 
fluid was collected on sterile absorbent filterpaper strips 
(PerioPaper® GCF Collection Strips; Oraflow, Plainview, 
USA). In brief, the PerioPaper strip was grasped by holding 
the orange handle with pliers and its white portion was gen
tly inserted to the gingival crevice until a minimum of re
sistance was felt, and it was kept in situ for 30  s. During 
each appointment, a maximum of 3 strips were inserted at 
each side at 1minute intervals in order to collect a specified 
volume of  fluid, sufficient for the biochemical analysis. 
In total, a maximum of 3 separate strips were collected from 
the mesial, and 3 from the distal aspect of the experimental 
tooth 2.3. Similar procedures were performed at the control 
teeth (1.3, 3.3) in each patient at each timepoint of the study. 
Directly upon collection, the volume of GCF on each strip 
was determined using Periotron 8000® (Oraflow). Prior to 
measurements, the instrument was carefully calibrated, 
and a  standard calibration curve was constructed using 
a range of volumes of human serum of known biochemical 
compounds’ concentrations. Following volume determina
tion, the strips were placed in sterile cryotubes and kept in 
−70°C until the biochemical analysis.

Biochemical analysis 

When the process of GCF collection was completed in 
all patients, the samples were defrosted, and the strips col
lected from the same aspect (either mesial or distal) of the 
same tooth at the same timepoint were pooled together 
in a vial. The fluid was eluted from the strips as follows: 
110 µL of TrisHCl buffer (pH 7.5) was added to each vial 
and the vials were shaken on an orbital shaker for 10 min; 
subsequently, the vials were centrifuged at 1,500  g for 
5  min. The supernatant was placed in a  fresh vial. This 
procedure was repeated to gather the proper volume, and 
the end volume of the eluate was 200 µL.

The concentration of  IL1β and IL1RA in the eluates 
was determined by means of the immunochemical method 
– the enzymelinked immunosorbent assay (ELISA) 
(BioSource, OttigniesLouvainlaNeuve, Belgium; R&D 
Systems, Minneapolis, USA, respectively). Additionally, 
the total protein concentration was determined spectro
photometrically.

Fig. 1. Flowchart of the experimental protocol

M – males; F – females; TPA – transpalatal arch; GCF – gingival crevicular fluid.
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Data analysis 

Patient enrollment, and all the procedures related to 
orthodontic treatment and the GCF collection were per
formed by one examiner (S.M.).

For each GCF sample, the degree of eluation with TrisHCl 
buffer was calculated based on the initial sample volume 
(measured by means of  Periotron 8000) and the known 
volume of  the added buffer. This dilution was taken into 
account when calculating the concentrations of cytokines and 
the total protein concentration. The concentrations of cyto
kines were calculated in relation to the protein concentration 
[pg/µg]. The obtained results were presented as mean  (M) 
±  standard deviation (SD) for the mesial and distal sides 
of each examined tooth. Changes in the cytokine levels for 
each tooth at different timepoints were compared by means 
of Student’s t test upon the confirmation of normal distribu
tion. The level of statistical significance was set at p < 0.05.

Results
All 17 patients completed the study. None of the study 

participants exhibited gingival inflammation during the 
experimental period.

GCF total protein concentration 

Figure  2 presents the total protein concentration in 
GCF at the experimental (2.3) and control (1.3 and 3.3) 

teeth. An  increase in the total protein concentration in 
GCF was observed at all evaluated teeth upon the bond
ing of  braces, i.e., the 1st application of  the orthodontic 
force and the activation of the experimental canine. This 
increase reached statistical significance with respect to 
baseline at days 2 (p < 0.020) and 7 (p < 0.001) for the me
sial aspect of  the control tooth 1.3, and at day 7 for the 
mesial aspect of  tooth 2.3 (p < 0.005). Of note, a  rise in 
total protein in GCF was also significant for the control 
tooth 3.3, reflecting the general response within the oral 
cavity to the occurrence of the orthodontic force. Follow
ing the 2nd activation, the level of  protein dropped, and 
this effect was also noticeable for all evaluated teeth.

GCF concentration of IL‑1β 

The GCF concentration of  IL1β at the experimental 
(2.3) and control (1.3 and 3.3) teeth is presented in Fig. 3. 
Upon the 1st activation of the retracted canine 2.3, a statis
tically significant increase in the level of IL1β in relation 
to total protein was observed at day 2, both for the mesial 
and distal aspect of  this tooth (p < 0.030 and p < 0.050, 
respectively). At day 7, a drop in IL1β/total protein was ob
served at both sides; however, it reached statistical signifi
cance only at the mesial aspect (p < 0.010). Following the 
2nd activation, a significant increase in IL1β/total protein 
was observed at day 7 (experimental day 35), mesially and 
distally (p < 0.050 and p < 0.020, respectively).

Similar changes in the amount of IL1β in relation to the 
total protein content in GCF were observed at the control 

Fig. 2. Mean total protein concentration at the evaluated teeth [g/L]

Error bars indicate standard deviation (SD); symbols in the upper right frames at each chart represent tooth number (1.3, 2.3, 3.3) and the evaluated side 
(M – mesial, D – distal).
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tooth 1.3, i.e., a  rapid and significant increase on day  2 
after the 1st application of the orthodontic force (p < 0.050 
for both the mesial and distal aspect) with a subsequent, 
albeit not significant (except for the mesial aspect, with 
p < 0.001), decrease at day 7, and a tendency to a gradual 
increase throughout the 7day period upon the 2nd activa
tion.

No significant changes in IL1β/total protein were ob
served for the control tooth 3.3.

GCF IL‑1β to IL‑1RA ratio 

The ratio of IL1β to IL1RA in GCF at the experimental 
(2.3) and control (1.3 and 3.3) teeth is presented in Fig.  4. 

Fig. 3. Mean concentration of interleukin-1 beta (IL-1β) in relation to total protein [pg/µg]

Error bars indicate standard deviation (SD); symbols in the upper right frames at each chart represent tooth number (1.3, 2.3, 3.3) and the evaluated side 
(M – mesial, D – distal).

Fig. 4. Mean IL-1β to interleukin-1 receptor antagonist (IL-1RA) ratio

Error bars indicate standard deviation (SD); symbols in the upper right frames at each chart represent tooth number (1.3, 2.3, 3.3) and the evaluated side 
(M – mesial, D – distal).
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Interestingly, statistically significant changes in this ratio 
were observed only for the distal aspect, i.e., the com
pression side, of the experimental tooth. Upon the 1st acti
vation, a  gradual increase in IL1β/IL1RA was noted 
throughout the following 7 days, and it reached statistical 
significance at day  7 (p  <  0.01). Following the 2nd acti
vation, a  rapid rise in IL1β/IL1RA took place at day 2 
(experimental day 30) (p < 0.005), and the level of this re
lation remained relatively stable until day 7 (experimental 
day 35). In turn, no significant changes in IL1β/IL1RA 
were observed at the mesial aspect, i.e., the tension side, 
of  the experimental tooth 2.3 as well as at the control 
teeth (1.3 and 3.3), both mesially and distally.

Discussion
The application of the orthodontic force to a tooth re

sults in a  series of  orchestrated cellular and molecular 
events, leading to the remodeling of periodontal tissues.18 
Within this remodeling, 2 distinct processes take place si
multaneously at the opposite sides of  the moved tooth, 
i.e., bone resorption at the pressure side and bone deposi
tion at the tension side. A bunch of cytokines, of which 
proinflammatory IL1β is the most potently associated 
with resorption, mediate these phenomena. Indeed, IL1β 
induces the expression of  the receptor activator of  the 
nuclear factor in osteoblasts and PDL cells, and stimu
lates the differentiation of  osteoclast precursors as well 
as the fusion, survival and activation of  matured osteo
clasts.2,16,19 Hence, its role seems of particular importance 
at the compressed areas of PDL, rather than at the sides 
where tension occurs. Thus, IL1β has been proposed as 
a biological marker of  tissue remodeling. The biological 
effects of  IL1β are, however, controlled by a  naturally 
occurring antagonist of  its receptor, IL1RA.20 Thus, 
monitoring the IL1β/IL1RA ratio gives the most cred
ible view on the intensification of  resorptive processes. 
Based on this premise, the aim of the present study was 
to evaluate the level of IL1β and the IL1β/IL1RA ratio 
in GCF at the initial stages of OTM (canine retraction), at 
the sides of compression and tension.

An increase in the total protein content in GCF was ob
served within the 1st week upon the 1st application of the 
orthodontic force at the experimental tooth as well as at 
the control teeth. This is an  interesting observation and 
suggests that the introduction of  an  orthodontic appli
ance to the oral cavity, although initially bonded only in 
one dental arch, induces a generalized cascade of events 
in terms of upregulation of gene expression and protein 
synthesis in periodontal tissues.

At the sides around the retracted canine 2.3, an  in
crease in the IL1β concentration was observed both me
sially and distally, following the 1st (a rapid rise within the 
first 48 h, with a drop toward a  level similar to baseline 
at day 7) and the 2nd activation (a gradual increase over 

the following 7 days). Interestingly, a significant increase 
in the IL1β/IL1RA ratio was noted only at the distal 
aspect of tooth 2.3, indicating that the compression side 
of the retracted canine is characterized by the highest po
tential of bone resorption. Although at the mesial aspect 
of  the retracted canine, the level of  IL1β was elevated 
after the activations, the IL1β/IL1RA ratio exhibited 
stable values, indicating controlled bone metabolism with
out a tendency toward resorption.

An increase in the IL1β concentration was observed 
also at the control canine 1.3. This can be attributed to 
the fact that the orthodontic force was distributed within 
the whole upper dental arch due to the presence of a fixed 
orthodontic appliance and the retraction of  tooth 2.3, 
eliciting a biologic response at all the teeth incorporated 
to the appliance. However, no significant alterations of the 
IL1β/IL1RA ratio were noted at this tooth.

No significant changes in either the IL1β concentra
tion or the 1β/IL1RA ratio were noted at the control 
tooth 3.3.

A similar pattern of the upregulation of this cytokine at 
the side of compression in the course of canine retraction 
has been reported in other studies.13,14,21,22 Researchers de
scribed an elevation of the IL1β concentration in GCF in 
the early phases of canine distalization, with peaks at either 
24 h13,21,22 or 72 h,14 and with a subsequent decrease toward 
baseline levels at 168 h. Among the abovementioned stu
dies, only Uematsu et al. used both the contralateral and 
antagonist canines as controls,21 whereas in the other inves
tigations, only the tooth contralateral to the retracted one 
served as a  control.13,14,22 Of note, Uematsu et al. did not 
observe an elevation of the IL1β concentration for the con
tralateral canine,21 which was instead shown in our study. In 
all those studies, the concentration of Il1β was measured 
either exclusively at the compression side13 or without side 
specification,14,21,22 contrarily to our study, in which the cyto
kine level was specifically assessed both at the compression 
and tension sides. In turn, Iwasaki et al. compared the IL1β 
level at the mesial and distal sides of the retracted canines 
and reported a higher increase at the compression side.15 
The activity of IL1β remains under the control of IL1RA. 
It has been shown that lower values of the IL1RA concen
tration and higher values of the IL1β/IL1RA ratio are as
sociated with a higher velocity of tooth movement during 
orthodontic treatment.23 An investigation described higher 
values of IL1β/IL1RA at the distal aspect of the retracted 
canine than at its mesial aspect,9 which is in accordance 
with the outcomes of the present study.

Based on the current knowledge on the effects of the IL1β 
upregulation on the velocity of  tooth movement, attempts 
have been made to further increase the synthesis of IL1β in 
order to accelerate OTM. Varella et al. showed that the appli
cation of lowlevel laser therapy with a galliumaluminium
arsenide semiconductor laser during orthodontic treatment 
contributes to increasing the level of IL1β in GCF and sig
nificantly accelerates tooth translation.16
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The application of  the orthodontic force induces the 
upregulation of  a  plethora of  proinflammatory cyto
kines and enzymes, which act synergistically in the pro
cess of tooth movement. Ren et al. pointed that also IL6, 
IL8 and TNFα play a significant role at the early stages 
of tooth movement.9 Grant et al. compared cytokine pro
files at the compression and tension sides during maxil
lary canine retraction and noted that while both sides 
were characterized by increases in the concentration 
of  IL1β, IL8, TNFα, and matrix metallopeptidase9 
(MMP9), they differed in terms of tissue inhibitor of matrix 
metalloproteinase1 (TIMP1) and tissue inhibitor of ma
trix metalloproteinase2 (TIMP2) (expressed in higher 
values at the tension side), and receptor activator of nuclear 
factor kappaΒ ligand (RANKL) (expressed in a  higher 
value on the compression side).24 The distal movement 
of the canine has also been related to the rise in the activity 
of alkaline phosphatase at the initial stages of treatment.25

To the best of the authors’ knowledge, this is the only 
study in which the GCF concentration of IL1β as well as 
IL1β/IL1RA were evaluated at both sides, i.e., compres
sion and tension, and compared to the contralateral and 
antagonist canines. Although increased IL1β synthesis 
was observed at the compression and tension sides of the 
retracted and contralateral canines, a  significant imba
lance between the concentration of this cytokine and its 
antagonist was observed exclusively at the compressed 
side of the retracted tooth.

With respect to the clinical relevance of the presented 
research findings, it should be noted that measuring the 
levels of  IL1β and IL1RA could potentially be applied 
for the determination of  proper levels of  orthodontic 
forces in order to obtain desirable velocity of tooth move
ment. Predicting OTM requires controlled bone resorp
tion, so the rate of the IL1β and IL1RA synthesis might 
be an  important indicator of this phenomenon. To this 
end, future studies may focus on determining the relation 
between IL1β/IL1RA and the rate of OTM.

Limitations 

The results of this study should, however, be carefully 
considered in the light of  several limitations. The main 
shortcoming is a  relatively small study group. The fact 
that the number of participants was low might have in
fluenced the magnitude of significance for the observed 
associations. Consequently, the findings of  this research 
should be interpreted cautiously. Secondly, we did not 
measure the rate of  canine retraction upon the appli
cation of  the orthodontic force, so we were not able to 
determine whether an increase in the IL1β level and in 
the IL1β/IL1RA ratio indeed correlated with the velo
city of this process. It may also be debatable if differences 
on the biochemical level between the pressure and ten
sion sides of  a  single tooth can be precisely shown due 
to close proximity. Therefore, further clinical studies on 

larger populations and with welldesigned protocols are 
essential to elucidate the molecular mechanisms respon
sible for OTM.

Conclusions
Based on the obtained results, it can be concluded that 

the protein content in GCF increases in response to the 
introduction of  the orthodontic force and this response 
takes place in the arch incorporated to the orthodontic 
appliance as well as in the opposite arch. The application 
of the orthodontic force to a tooth leads to a rapid increase 
in the IL1β level in GCF at the early stages of treatment, 
at both compression and tension sides, with the subse
quent normalization of its concentration. The application 
of the distalizing force to a tooth is related to a rise in the 
IL1β/IL1RA ratio at the compression side, indicating 
active bone resorption. 
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