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Tumor Necrosis Factor–� Levels during Two Different
Canine Distalization Techniques

Seniz Karacaya; Işıl Saygunb; Ali Osman Bengic; Muhittin Serdard

ABSTRACT
Objectives: To compare levels of tumor necrosis factor (TNF)-� while applying continuous and
heavy interrupted forces.
Materials and Methods: A hybrid retractor was used in the first group. In the second group, rapid
canine distalization through periodontal distraction was performed. Gingival crevicular fluid sam-
ples were collected from the distal sides of the canine teeth before attaching the appliances and
at 1 hour, 24 hours, and 1 week after the force was applied.
Results: In the hybrid reactor group, concentration of TNF-� decreased at 1 week according to
24-hour measurements. In the rapid canine distalization group, it severely increased at 1 hour. In
the evaluation of between-group differences, significantly higher values were determined in the
rapid canine distalization group at 1 hour and 1 week.
Conclusions: Heavy interrupted force induces a rapid release of TNF-�, and the tissue response
continues for a longer time period. To avoid the harmful effects of heavy interrupted force, there
might be feedback mechanisms that prevent the mediators from increasing excessively.

KEY WORDS: TNF-�; Cytokine; Gingival crevicular fluid; Periodontal distraction; Hybrid retractor;
Heavy interrupted force; Continuous force

INTRODUCTION

Orthodontic forces cause acute inflammatory reac-
tions, vascular changes, and migration of leucocytes.1–9

A number of previous studies have been focused on
certain cytokines and enzymes in the gingival crevic-
ular fluid (GCF). In many previous studies, alkaline
phosphatase,4 lactate dehydrogenase,5 aspartate ami-
notransferase,6 prostaglandin E,2,10–12 interleukin (IL)-
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1�,2,10,13–16 IL-6,15 IL-8,17 tumor necrosis factor (TNF)-
�,15–18 �-glucuronidase,16 and transforming growth fac-
tor19 have been evaluated.

TNF-� is a typical mediator of inflammatory re-
sponse that has been shown to be involved in the pro-
cess of bone resorption.18,20–22 TNF-� plays a promi-
nent role in the mechanism controlling the appearance
of osteoclasts at compression sites.23–26 Lowney et al18

revealed elevation of TNF-� attributed to orthodontic
force. This cytokine is produced primarily by activated
monocytes and macrophages but also by osteoblasts
and has been proven to be an activator of osteoclastic
bone resorbtion.27,28 However, Alhashimi et al22 per-
formed in situ hybridization to measure the messenger
RNA (mRNA) expression of IL-1�, IL-6, and TNF-� at
3, 7, and 10 days after application of orthodontic force
on molars of rats. However, they could not detect
mRNA expression of TNF-�, though induction of IL-1�
and IL-6 was observed to reach maximum on day 3
and declined thereafter. They explained this absence
by the feedback mechanism caused by increased
TNF-� protein levels and species-related differences.

Canine teeth can be distalized with a segmented
arch or by applying force with an elastic or closed coil
spring on a continuous arch. In 1998, Liou and
Huang29 introduced rapid canine distalization tech-
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Figure 1. Alterations in the volume of gingival crevicular fluid during
the observation period.

Figure 2. Alterations in the concentration of tumor necrosis factor–
� during the observation period.

nique to orthodontics literature. Since then, several re-
searchers have reported on this technique and de-
scribed it as a phenomenon of periodontal ligament
distraction.29–34

During orthodontic tooth movement, changes in the
periodontium occur depending on the magnitude, di-
rection, and duration of the force applied. In this study,
we compared the levels of TNF-� when a continuous
force was applied with a hybrid retractor and a heavy
interrupted force was applied with a tooth-born dis-
tractor. A few case reports and studies have been pre-
sented about rapid canine distalization in the past de-
cade.29–35 However, to our knowledge, none of them
evaluated the alterations of the cytokine levels in the
GCF.

MATERIALS AND METHODS

Ten patients (4 boys, 6 girls; mean age 15.4 � 0.8
years) who needed extraction of the upper first pre-
molars for orthodontic treatment and had not taken an-
tibiotics and anti-inflammatory drugs within the past 3
months were selected. Patients were also evaluated
for periodontal health by the plaque index (PI), gingival
index, pocket depth (PD), and bleeding on probing
(BOP). Patients’ rights were protected, and informed
consent and assent were obtained according to the
Gulhane Military Medical Academy Ethical Committee
Board.

Groups were constructed according to anchorage
requirements. The hybrid reactor group (HRG) con-
sisted of five patients who needed moderate anchor-
age. Their canines were distalized with a hybrid re-
tractor with continuous force. The rapid canine distal-
ization group (RDG) consisted of five patients who
needed maximum anchorage control. Rapid canine
distalization through periodontal distraction was pre-
ferred in this group, as this technique prevents an-
chorage loss.

Canine Distalization With Hybrid Retractor

One week after the extraction of first premolars, ca-
nine brackets with vertical slot and molar bands were
attached. Upper canines were distalized with a contin-
uous force by the hybrid retractor, which is a seg-
mented and prefabricated appliance.36

Rapid Canine Distalization Through Periodontal
Distraction

After the first premolar extraction, a vertical osteot-
omy was performed to the buccal and lingual of the
interseptal bone between the canine and first premolar
teeth. Two vertical osteotomies were connected with
an oblique osteotomy extending toward the base of

the interseptal bone to weaken the resistance. Oste-
otomies were performed inside the socket. Surgery
was not uncomfortable for the patients. They were in-
structed not to take any drug, as it might affect the
cytokine levels in GCF.

One week later, the distraction device that was con-
structed individually for each patient was cemented on
the canine and molar teeth. The patient activated the
distractor 180� two times a day at 12-hour intervals (9
AM and 9 PM). The appliance performed heavy inter-
mittent force. Details about the construction of the dis-
tractor and surgical procedure were described in the
previous report of Sayın et al.30

GCF Collection

GCF samples were collected from the distal sides
of canine teeth before attaching the appliances and at
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Table 1. Plaque Index (PI), Gingival Index (GI), Probing Depth (PD), and Bleeding on Probing (BOP) Revealing the Periodontal Condition
Before Treatmenta

Groups PI GI PD BOP

HRG
RDG

1 (0.75–1.31)*
0.5 (0.25–1)*

1 (0.68–1.25)
0.75 (0.25–1.25)

1.5 (1.25–1.56)**
1 (0.75–1.25)**

0.5 (0.25–0.75)*
0 (0–0.5)*

a Values in the parentheses reveal the 25–75 percentiles (quarters). HRG indicates hybrid reactor group; RDG, rapid canine distalization
group.

* Significant difference between the groups (P � .05, Mann-Whitney U-test); ** significant difference between the groups (P � .01, Mann-
Whitney U-test).

1 hour, 24 hours, and 1 week after the force was ap-
plied. Patients in the RDG were activating their appli-
ance at 9 AM, and GCF samples were collected at 10
AM at 24 hours and at 1 week (1 hour later than ac-
tivation).

Before the GCF collection, supragingival plaque was
removed and the canine teeth were isolated with cot-
ton and were dried. Samples were collected from the
distobuccal and distopalatal sides with four paper
strips (Periopaper-ProFlow Inc, New York, NY). The
first strip was inserted into the distobuccal crevice to
a level 1 mm below the gingival margin for 30 seconds.
After a 1-minute interval, a second strip was inserted
into the distopalatal crevice for 30 seconds. The pro-
cedure was repeated once more with the third and
fourth strips. To determine the amount of collected
GCF, weights of Eppendorf tubes were measured be-
fore and after the collection procedure with an elec-
tronic scale, and differences were calculated. Eppen-
dorf tubes were stored at �80�C until analysis.

TNF-� Assay

The amount of TNF-� in GCF was assayed with an
enzyme-linked immunosorbent assay (ELISA) kit (Cy-
telisa Human TNF-�, Cytimmune Sciences Inc, Rock-
ville, Md) with recombinant TNF-� monoclonal anti-
body as a standard. All assay procedures were carried
out according to the manufacturer’s instructions. GCF
samples were eluted from strips by a centrifugal meth-
od. Elution was carried out with the addition of 200 �L
ELISA test buffer. Strips were then removed and the
fluid was extracted for analyses. The amount of cre-
vicular TNF-� in each sample was determined from
TNF-� standard calibration curves. The peroxidase-
substrate color reaction was read on a plate reader
(Model EL312 Bio-Tek, Winooski, Vt) set to a wave-
length of 490 nm.

The calibration curve was plotted by regression
analysis, and the optical density of each sample was
used to estimate the concentration of TNF-� (pg/�L).
This was corrected for the original volume of GCF, and
the results were expressed as pg TNF-�/�L. Mean in-
tra- and interassay coefficients of variations for TNF-
� measurement were 7.9% and 11.4%, respectively.

The sensitivity was 0.87 pg/mL and the range of de-
tection was from 8 to 500 pg/mL. The mass of the fluid
on each strip was converted to a volume (mL) by as-
suming that the density of GCF was 1 and mass (mg)
was converted to the volume (mL). TNF-� in the sam-
ples was determined (pg) and calculation of TNF-�
concentration in each sample was performed by divid-
ing the amount of TNF-� by volume of the sample.

Statistical Evaluation

Statistical analyses were performed by the SPSS
(SPSS Inc, Chicago, Ill) statistical program, and the
results were shown as median and 25–75 percentiles
in the parentheses (quarters). The differences be-
tween the groups were compared by Mann-Whitney U-
test, and the results within each group were analyzed
by Wilcoxon signed rank test.

RESULTS

Clinical Parameters

The PI (P � .05), PD (P � .01), and BOP (P � .05)
were significantly higher in the HRG (Table 1).

GCF Volume (Figure 1)

In the HRG, within-group analysis showed a statis-
tically significant increase at 1 hour and 24 hours (P
� .01) (Table 2). In the comparison of findings at 24
hours and 1 week, the volume of the GCF decreased
(P � .01).

In the RDG, alteration in GCF volume at 1 hour was
not statistically significant, but the comparison of the
findings at 24 hours and 1 hour showed significant in-
creases (P � .01 and P � .05, respectively). However,
GCF volume was significantly lower at 1 week accord-
ing to 24-hour measurements (P � .01).

A significantly lower volume of GCF was determined
at 1 hour and 24 hours in the RDG when the groups
were compared with each other (P � .05).

Concentration of TNF-� in the Collected GCF
Samples (Figure 2)

In the HRG, a statistically significant decrease was
observed at 1 week when compared with 24 hours (P
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Table 2. Gingival Crevicular Fluid Volume (�L)a

Groups Initial 1 h 24 h 1 wk

HRG
RDG

13 (8.75–14)
10 (7–12)

17 (14.5–19.25)**,*****
12 (7–17)*****

20 (16.75–24)**,*****
15 (14–20)*,***,*****

13 (11.25–16)****
11 (7–13)****

a Values in the parentheses reveal the 25–75 percentiles (quarters). HRG indicates hybrid reactor group; RDG, rapid canine distalization
group.

* Significantly different from initial value (P � .05, Wilcoxon signed rank test); ** significantly different from initial value (P � .001, Wilcoxon
signed rank test); *** significantly different from 1 hour (P � .05); **** significantly different from 24 hours (P � .01); ***** significant difference
between the groups (P � .05, Mann-Whitney U-test).

Table 3. Concentration of Tumor Necrosis Factor–� (pg/�L)a

Groups Initial 1 h 24 h 1 wk

HRG
RDG

57.48 (24.7–216.3)
142.85 (49.66–357.68)

69.06 (41.67–162.76)***
268.57 (91.9–483.5)*,***

137.58 (76.1–165.39)
290.61 (85.71–389.06)

56.38 (23.4–119.57)**,****
174.24 (121.97–602.96)****

a Values in the parentheses reveal the 25–75 percentiles (quarters). HRG indicates hybrid reactor group; RDG, rapid canine distalization
group.

* Significantly different from initial value (P � .05, Wilcoxon signed rank test); ** significantly different from 24 hours (P � .01); *** significant
difference between the groups (P � .05, Mann-Whitney U-test); **** significant difference between the groups (P � .01, Mann-Whitney U-test).

� .01) (Table 3). In the RDG, an increase at 1 hour
was statistically significant when compared with the
initial value (P � .05).

In the evaluation of between-group differences, sig-
nificantly higher values were determined in the RDG
at the 1 hour (P � .05) and 1 week measurements (P
� .01).

DISCUSSION

Chemical analysis of GCF is a useful and promising
method to monitor the changes at a single site during
a certain period and to investigate the response of
dental and paradental tissues to orthodontic tooth
movement.13,16,17 This method has been used espe-
cially for human studies, as it is a noninvasive method
and repetitive sampling from the same side is possi-
ble.3–10,13–19 Cytokines are local mediators released by
cells of the immune system in response to stimula-
tions, and orthodontic forces generate several cyto-
kines that affect the formation and resorption of alve-
olar bone.1,3,10,13–19 Mechanical stress triggers the bio-
logical response of the periodontal ligament and plays
an important role in remodeling. It is likely that not only
the nature but also the magnitude of mechanical stress
affects the regulation of homeostasis in periodontal lig-
ament. Different magnitudes of tensile force induce dif-
ferent responses from periodontal ligament cells.37,38

Rapid canine distalization has been reported as a
promising technique to shorten the duration of ortho-
dontic treatment.29–34 In this technique, osteotomies
were performed inside the socket of the extracted first
premolar to weaken the resistance of the interseptal
bone. Thus, the buccal and distal bone bends and
moves with the canine and provides rapid canine dis-

talization through the distraction of the periodontal lig-
ament. Light continuous force cannot keep the bend-
ing of the bone; therefore, heavy interrupted forces
must be applied in this technique.31 In this study, we
aimed to evaluate the levels of TNF-� during rapid ca-
nine distalization so as to determine tissue response
to the heavy interrupted orthodontic force.

GCF is an exudate derived from a variety of sourc-
es, including microbial dental plaque, host inflamma-
tory cells, host tissue, and serum.4 The amount of this
fluid tends to increase with inflammation and capillary
permeability. Some previous studies revealed that
GCF volumes were influenced by the presence of an
orthodontic appliance independently of the existence
of a clinically detectable dental movement.4,7

In our study, it was observed that the volume of GCF
was lower in the RDG at all the phases, and the be-
tween-group differences revealed a significantly lower
volume at 1 hour and 24 hours. It has been shown
that a decreased vascular supply occurs when heavy
orthodontic force are applied.33 Thus, a lesser volume
of GCF in the RDG may depend on reduced vascular
supply because of the heavy force. On the other hand,
Perinetti et al4–6 suggested that inflammation rather
than orthodontic tooth movement has an effect on the
volume of GCF. In our study, initial PI, PD, and BOP
were higher in the HRG, revealing more tendencies to
gingival inflammation. Orthodontic appliances might
have elevated the volume of GCF by developing a mild
gingival inflammation in this group.

Concentration of TNF-� increased at 24 hours and
declined at 1 week in the HRG. This increase was not
statistically significant, but a decrease at 1 week was
significant according to the measurement at 24 hours.
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The reason for this decrease may be the adaptation
of the tissues to the light continuous force at 1 week.
In the RDG, the concentration of TNF-� increased sig-
nificantly at 1 hour. However, in the HRG, the concen-
tration of TNF-� slightly decreased at 1 hour. This was
probably because of the incomplete diffusion of the
cytokine into the sulcus in 1 hour. Hyalinization should
be expected to occur as the magnitude of force in-
creases. In the RDG, heavy forces caused a hyalin-
ization tissue at the distal of the canine and an acute
reaction occurred, which induced rapid secretion and
a higher concentration of TNF-�. Ozaki et al38 dem-
onstrated that a strong mechanical stress decreased
alkaline phosphatase (ALP) activity, resulting in an ac-
celeration of the production of inflammatory cytokines.
Similarly, in our study, because of the heavy ortho-
dontic force, rapid and more production of TNF-� was
found.

Although the appliance was activated two times a
day in the RDG, no remarkable alteration was ob-
served at 24 hours and 1 week. Tzannetou et al16 eval-
uated the changes in IL-1� and �-glucuronidase dur-
ing rapid palatal expansion by applying heavy forces.
They observed severely elevated levels of IL-1� 24
hours after the activation of the appliance, and this
elevation continued during the activation period of 3
weeks. However, they observed elevation in �-glucu-
ronidase after the second week of activation, and it
increased further at the third week. In our study, the
level of TNF-� continued increasing at 24 hours, but
at 1 week it was observed that the concentration de-
clined. However, these alterations were not statistically
significant. This decrease might be attributed to the
adaptation of periodontal tissues to the orthodontic
force, and there might be feedback mechanisms that
prevented the mediators from increasing excessively,
thereby avoiding any harmful consequences.13–22

CONCLUSIONS

• Periodontal tissue response to continuous force be-
gins later than heavy interrupted force and declines
at 1 week because of tissue adaptation to orthodon-
tic force.

• Heavy interrupted force induces rapid release of the
TNF-� from periodontal cells, and tissue response
continues for a longer time.

• Rapid canine distalization technique is not a harmful
method for periodontal ligament cells, as feedback
mechanisms prevent the excessive increase of the
cytokines.

REFERENCES

1. Davidovitch Z, Nicolay OR, Ngan PW, Shanfeld JL. Neu-
romitters, cytokines and the control of alveoler bone remod-

elling in orthodontics. Dent Clin North Am. 1988;32:411–
435.

2. Saito M, Saito S, Ngan PW, Davidovitch Z. Interleukin-1�
and prostaglandin E are involved in the response of peri-
odontal cells to mechanical stress in vivo and in vitro. Am
J Orthod. 1991;99:226–240.

3. Serra E, Perinetti G, D’Attilio M, Cordella C, Paolantonio M,
Festa F, Spoto G. Lactate dehydrogenase activity in gingival
crevicular fluid during orthodontic treatment. Am J Orthod.
2003;124:206–211.

4. Perinetti G, Paolantonio M, D’Attilio M, D’Archivio D, Tripodi
D, Femminella B, Festa F, Spoto G. Alkaline phosphatase
activity in gingival crevicular fluid during orthodontic treat-
ment. Am J Orthod. 2002;122:548–556.

5. Perinetti G, Serra E, Paolantonio M, Brue C, Di Meo S,
Filippe MR, Festa F, Spoto G. Lactate dehydrogenase ac-
tivity in human gingival crevicular fluid during orthodontic
treatment: a controlled, short term longitudinal study. J Per-
iodontol. 2005;76:411–417.

6. Perinetti G, Paolantonio M, D’Attilio M, D’Archivio D, Dolci
M, Femminella B, Festa F, Spoto G. Aspartate aminotrans-
ferase activity in gingival crevicular fluid during orthodontic
treatment. J Periodontol. 2003;74:145–152.

7. Apajalahti S, Sorsa T, Railavo S, Ingman T. The in vivo
levels of matrix metalloproteinase-1 and �8 in gingival cre-
vicular fluid during initial orthodontic tooth movement. J
Dent Res. 2003;82:1018–1022.

8. Ingman T, Apajalahti S, Mantyla P, Savolainen P, Sorsa T.
Matrix metalloproteinase-1 and �8 in gingival fluid during
orthodontic tooth movement: a pilot study during 1 month
of follow-up after fixed appliance activation. Eur J Orthod.
2005;27:202–207.

9. Burke JC, Evans CA, Crosby TR, Mednieks MI. Expression
of secretory proteins in oral fluid after orthodontic tooth
movement. Am J Orthod. 2002;121:310–315.

10. Grive WG, Johnson GK, Moore RN, Reinhardt RA, DuBois
LM. Prostoglandin E (PGE) and interleukin-1 beta (IL-1
beta) levels in gingival crevicular fluid during human ortho-
dontic tooth movement. Am J Orthod. 1994;105:369–374.

11. Sekhavat AR, Mousavizadeh K, Pakshir HR, Aslani FS. Ef-
fect of misoprostol, a prostaglandin E1 analog, on ortho-
dontic tooth movement in rats. Am J Orthod. 2002;122:542–
547.

12. Yamasaki K, Shibata Y, Imai S, Tani Y, Shibasaki Y, Fu-
kuhara T. Clinical application of prostaglandin E1 (PGE1)
upon orthodontic tooth movement. Am J Orthod. 1984;85:
508–518.

13. Lee KJ, Park YC, Yu HS, Choi SH, Yoo YJ. Effects of con-
tinuous and interrupted orthodontic force on interleukin-1�
and prostaglandin E2 production in gingival crevicular fluid.
Am J Orthod. 2004;125:168–177.

14. Iwasaki LR, Haack JE, Nickel JC, Reinhardt RA, Petro TM.
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