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Identification of tumor necrosis factor- @ levels around

miniscrews during canine distalization

Filiz Acun Kaya, DDS, PhD," Nihal Hamame1, DDS, PhD,” Ersin Uysal, DDS, PhD," Beran Yokus, DDS, PhD*

Objective: The aim of this study was to measure tumor necrosis factor-@ (TNF-« ) levels around mini-
screws used for anchorage during a 3-month period of canine distalization. Methods: Sixteen patients (8
boys, 8 girls; mean age, 16.6 + 2.4 years) whose upper first premolars were extracted for orthodontic treat-
ment were included in this study. Miniscrews were used as an anchorage unit in canine distalization.
Thirty-two (32) miniscrew implants were placed bilaterally in the alveolar bone between the maxillary sec-
ond premolars and first molars. The treatment, miniscrew, and control groups comprised upper canines,
miniscrew implants, and upper first premolars, respectively. Peri-miniscrew implant crevicular fluid and gin-
gival crevicular fluid were obtained before applying force and at 1, 24, and 48 hours, and at 7 and 21
days, and 3 months after applying force. Results: During the 3-month period, the TNF-« levels increased
significantly at 24 hours only in the treatment group (p < 0.01). In the miniscrew and control groups, there
were no statistically significant changes. No significant differences were observed between groups.
Conclusions: Miniscrews can be conveniently used for anchorage in orthodontics. (Korean J Orthod

2011;41(1):36-41)
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INTRODUCTION

The appearance of osteoclasts and bone resorption
are essential factors that initiate tooth movement during
orthodontic treatment. At the beginning of orthodontic
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tooth movement, the mechanical stimulus causes an
acute inflammatory reaction within the periodontal
tissues. This inflammatory reaction may trigger bio-
logic processes that result in bone resorption.”” Various
cytokines and hormones regulate this process.3

Proinflammatory cytokines play important roles in
bone resorption as in any root resorption process.’
Tumor necrosis factor-@ (TNF-a) is a proinflam-
matory cytokine produced by activated monocytes,
macrophages, and osteoblasts.” In addition to bone re-
sorption, TNF-«@ stimulates fibroblasts to produce
collagenase.6 Lowney et al.” attributed the increase in
TNF- @ to orthodontic force.

Cytokines such as TNF- @ have an important role in
regulating and amplifying the inflammatory response in
periodontal and peri-implant tissues.*"

Implant anchorage was recently established as an ef-
fective treatment for a wide variety of adult malo-
cclusions."’ Dental implants, miniplates, and titanium
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screws have been used for implant anchorage in ortho-

. 12,13
dontic treatment.

These materials can provide abso-
lute anchorage for tooth movement even without the
patient’s cooperation. In particular, miniscrews are
most commonly used for skeletal anchorage.'*"
Following osseointegration and loading, failing im-
plants develop peri-implant inflammation known as
peri-implantitis, which is similar to periodontitis.'®
Clinical signs of peri-implantitis are soft tissue in-
flammation, bleeding on probing, suppuration, pain, in-
creased probing depth, and radiographic evidence of
bone loss.”” The increase in TNE-a levels in peri-im-
plant crevicular fluid (PICF) is reported to cause
peri-implantitis."’ To our knowledge, there are no pub-
lished studies in which TNF- @

crew implants were measured.

levels around minis-

Therefore, the goal of this study was to measure
TNF-a levels around miniscrews during a 3-month
period of canine distalization and to compare the re-
sults with the cytokine levels around healthy teeth.

MATERIAL AND METHODS

Sixteen patients (8 boys, 8 girls; mean age, 16.6 *
2.4 years) who required extraction of their upper first
premolars for orthodontic treatment were included in
this study from the Department of Orthodontics,
School of Dentistry, Dicle University. The inclusion
criteria were a healthy systemic condition, no use of
anti-inflammatory drugs in the 6 months preceding the
beginning of the study, and no radiographic evidence
of periodontal bone loss after a full-mouth radiographic
periapical examination. The periodontal health of the

Table 1. Gingival index (Gl) measurements for all groups

TNF-« levels around miniscrews

patients was also evaluated using the plaque index
(PI), gingival index (GI), pocket depth (PD), and
bleeding on probing (BOP). Informed consent was ob-
tained from all of the patients and the parents of the
patients under 18 years of age.

Thirty two miniscrew implants with a gingival index
score of 0 (Normal gingiva) or 1 (mild inflammation,
slight change in color, slight edema, no BOP) around
them were included in this study. Gingival index was
measured as recommended by Loe and Silness.'® The
GI measurements for all groups are shown in Table 1.

Clinical procedures

The maxillary first premolars were extracted from
each participant and a completely fixed, preadjusted,
edgewise appliance with 0.018-inch slots was attached,
and a 0.014-inch nickel-titanium (NiTi) archwire was
placed for initial leveling. After the maxillary anterior
teeth were aligned, a 0.016 x 0.022-inch stainless steel
archwire with molar toe-ins and tip-back bends was
placed, and the second maxillary premolars and first
molars were ligated together before beginning distal
movement of the canines.

Thirty two miniscrew implants (12 mm long, 1.6
mm in diameter, Anchor Plus, Buk-gu, Gwangju,
Korea) were placed bilaterally into the inter-radicular
bone between the maxillary second premolars and the
first molars of all 16 patients under local anesthesia.
The miniscrews were placed in the attached gingiva
near the mucogingival junction. To reduce the root
contact, miniscrew-implants were placed in an oblique
direction buccolingually, 30° to 40° to the long axis of

T1 T2 T3 T4 TS5 T6 T7
Group (Baseline) (1 h) (24 h) (48 h) (7 d) (21 d) (3 m)
Mean £+ SD Mean =+ SD  Mean + SD Mean £+ SD Mean + SD Mean £ SD Mean * SD
Treatment 025 = 043 025 + 043 043 = 050 046 + 050 043 = 050 031 + 047 034 + 048
Control 021 = 042 0.21 + 042 031 £ 047 028 + 045 025 + 043 025 + 043 025 + 043
Miniscrew 025 + 043 025 + 043 046 £ 050 050 + 050 0.46 = 0.50 0.31 = 047 0.31 = 047

T1, Before distalization (baseline); T2, T3, T4, T5, T6, and T7 mean 1 hour, 1 day, 2 days, 1 week, 3 weeks, and
3 months after activation, respectively; SD, standard diviation. For each group, n = 32.
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the teeth in the maxillary posterior area, as described

2 Two weeks after placement,

in previous reports.
distal movement of the maxillary canines was begun
with a 150-g force delivered by a NiTi closed-coil
spring (7-mm Sentalloy closed coil spring, GAC
International, Bohemia, NY, USA) between the minis-
crew implants and canines.

The treatment, miniscrew, and control groups con-
sisted of upper canines, miniscrew implants, and upper

second premolars, respectively.

Collection of gingival crevicular fluid and
peri—miniscrew implant crevicular fluid sam—
ples

Gingival crevicular fluid (GCF) samples were ob-
tained from the maxillary canines (treatment) and the
maxillary second premolar teeth (controls) with paper
strips (Periopaper®, Pro Flow, Amityville, NY, USA)
using the method described by Riidin et al”' Peri-min-
iscrew implant crevicular fluid (PMICF) samples were
also collected with paper strips over 3 months accord-
ing to the following schedule:

T1 (baseline): Before distalization

T2: 1 hour after activation of the closed-coil springs

T3: 24 hours after activation

T4: 48 hours after activation

T5: 7th day after activation

T6: 21st day after activation

T7: Third month after activation

GCF and PMICF samples were collected in the early
hours of the day. Sample sites were isolated with cot-
ton rolls, plaque was removed, and the tooth surfaces
were air-dried. GCF and PMICF were collected as de-
scribed in Sari and Ucar.> PMICF samples were col-
lected from the mesiobuccal aspects of the miniscrew
implants. Two strips of filter paper were used to take
PMICF samples from miniscrew implants, and the
samples were placed in Eppendorf tubes. GCF samples
were also obtained from distobuccal sites of the maxil-
lary canines. Two filter papers used to collect GCF
were placed in additional Eppendorf tubes. Similarly,
two filter papers were used for the control teeth. The
first strip was inserted into the base of the pocket for
30 seconds. After a 1-minute interval, a second strip
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was inserted into the base of the pocket for 30 seconds
and after waiting 30 seconds, an apparatus (Periotron
8000, Ora Flow Inc., Plainview, NY) was used to de-
termine the GCF and PMICF volume. Paper strips
were stored in sterile tubes at —20°C until the day of
the experiment. Saliva- and blood-contaminated sam-
ples were excluded from the study. GCF and PMICF
samples were obtained before all other clinical exami-
nations were performed to prevent an increase in fluid
volume. Before examining the GCF and PMICF, 1000
1L sterile NaCl (9 mg/mL) was added to the paper
strips, and the GCF and PMICF were centrifuged at
3000 g at 5°C for 20 minutes.” An immunoassay kit
was used to measure TNF- @ concentrations (Immulite,
Diagnostic Products, Los Angeles, CA, USA, Fig 1). A
TNF-a free nonhuman buffer matrix was used to
manually dilute the patient samples.

The amounts of TNF- @ in each sample were com-
pared with standard curves for TNF- @, which showed
a direct relationship between optical density and cyto-
kine concentration.

Statistical analysis

Normality of the data was assessed using the
Kolmogorov-Smirnov test, and statistical homogeneity
was checked by the Levene test. A paired sample t-test
for within-group changes was used. A one-way
ANOVA was applied for the between-groups compar-
ison, while Dunnett’s test and Tukey’s HSD test were
used for the between-groups multiple comparisons. All
data were analyzed using SPSS version 15.0 (SPSS
Inc., Chicago, IL, USA). A p value of 0.05 was con-

I MM U

L ”‘k’“f,o '

Fig 1. Immunoassay analyzer used in the study.



Vol. 41, No. 1, 2011. Korean J Orthod

sidered statistically significant.

RESULTS

The Kolmogorov-Smirnov test showed that the data
was normally distributed (p = 0.094 - 0.931), and
Levene’s test showed homogeneity of variances (p =
0.123 - 0.915).

The changes in the concentration of TNF- @ during
the observation period are shown in Fig 2. The TNF-
a level increased beginning from the 1st hour in the
treatment group and continued until the 7th day. The
increase in TNF- @ level was significant only at 24
hours (p < 0.01; Table 2). An increase beginning
from the 1st hour and proceeding until the 7th day
were observed in the miniscrew group, but the increase
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Fig 2. Changes in the concentration of TNF-« during
the observation period. T1, Before distalization (base-
line); T2, T3, T4, T5, T6 and T7, 1 hour, 1 day, 2 days,
1 week, 3 weeks and 3 monts after activation,
respectively.

TNF-« levels around miniscrews

was not significant (p = 0.417 - 0.990). No significant
changes were observed in the control group (p = 0.117 -
0.997). No significant differences were detected in the
between-group evaluation (p = 0.137 - 0.999).

DISCUSSION

Anchorage control is one of the most important as-
pects of orthodontic treatment. Microscrew implants
are frequently used for anchorage control. There are
many advantages to the use of microscrews for anchor-
age, such as the lack of a requirement for patient com-
pliance, ease of placement and removal, small size,
and low cost.”* Miniscrews can provide absolute an-
chorage for guiding tooth movement. Despite their
small diameter and short length, miniscrews can pro-
vide stable anchorage for various tooth movements, in-
cluding intrusion, retraction, and protraction.”’15

Chemical analysis of GCF is useful for investigating
changes at a single site during a specific period and
the response of dental and paradental tissues to ortho-
dontic tooth movement. Because this is a noninvasive
method and repetitive sampling from the same side is
possible, it is used especially for human studies.”"?

As Serra et al.” reported that age and sex have no
effect on enzymatic activity, these factors were not
considered and the samples were pooled in this study.

Cytokines, produced by the cells of the immune sys-
tem in response to stimulation, mediate acute in-
flammation and are present inperiodontal diseases,
bone destruction, and bone response to orthodontic
treatment.” Cytokines are classified as proinflamma-

Table 2. Mean TNF-a levels (pg/ «L) and standard deviations at all time points and within-group comparisons at
baseline and different time points with a paired sample t test

Mean + SD Mean = SD

T4 TS5 T6 T7
(48 h) (7 d) 21 d) (3 m)
Mean £+ SD Mean = SD

T1 T2 T3
Group (Baseline) (1 h) (24 h)
Mean £+ SD Mean + SD Mean + SD
Treatment 2943 + 403 3018 + 570 3475 + 693"
Control 3005 + 558 3145 £ 536 3191 + 7.26
Miniscrew 31.38 + 599 31.74 + 12.88 32.00 + 450

3192
32.17

3243 £ 1020 3321 + 1347 3143 + 615 3158 £ 5.23
+ 1248 31.70 £ 896 31.31 + 987 3112 + 882
+ 978 3241 + 11.36 31.70 + 1224 31.70 £ 1217

T1, Before distalization (baseline); T2, T3, T4, T5, T6 and T7, 1 hour, 1 day, 2 days, 1 week, 3 weeks and 3 months
after activation, respectively; SD, standard diviation. “Significantly different from initial value (p < 0.01, Paired sample

t test). For each group, n = 32.
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tory and anti-inflammatory. Previous studies reported
that proinflammatory cytokines, especially TNF-«,
play an important role in the formation and dis-
trubution of inflammation in periodontal and peri-im-
plant structures.*” Thus, we aimed to measure the lev-
els of these proinflammatory cytokines around minis-
crews, which are frequently used in orthodontics and
to compare the results with the cytokine levels around
healthy teeth.

TNF-a is a critical cytokine in the inflammatory
response to infection.”’ Accordingly, any genetic varia-
bility in the production of TNF-a after an infectious
stimulus could significantly affect the degree of the in-
flammatory response and the clinical outcome.”® To
our knowledge, there are no reports of measurements
of TNF-« levels around miniscrews used as an an-
chorage unit in orthodontics. TNF-« levels around
teeth during orthodontic treatment, however, were mea-
sured in a previous study.4 Basaran et al.* reported in-
creases in TNF- @ levels on days 7 and 21 during ca-
nine distalization. In our study, TNF- @ levels around
the canines began to increase from the first hours and
the increase was statistically significant at 24 hours,
which is consistent with the results of Basaran et alt

In the present study, TNF- @ levels around minis-
crews began to increase in the initial hours, but the in-
crease was not statistically significant. In addition,
there were no differences between miniscrew implants
and teeth in the between-group comparision. Machtei
et al” compared TNF-a levels between dental im-
plants and teeth and reported similar results. Further,
TNF- @ levels around miniscrew implants were higher
than those around the teeth during the baseline period
in our study, although the increase was not significant.
This finding is consistent with the results reported by
Nowzari et al.*

In the present study, cytokine levels around the min-
iscrews and canines increased in the initial periods. We
attribute these increases to an acute response against
the forces applied at the beginning of distalization.
Cytokine levels decreased towards baseline levels in
both groups, however, beginning on day 21. This de-
crease might be attributed to the adaptation of perio-
dontal tissues to the orthodontic force, and feedback
mechanisms might prevent an excessive increase in the
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inflammation mediators, thereby preventing harmful
consequences.”’

In the absence of good oral hygiene, oral microbiota
may cause chronic inflammation of the peri-implant
tissues. Like periodontitis, peri-implantitis can lead to
implant loss.”> Schierano et al.'’ found that TNF- @
levels around peri-implant tissues were significantly in-
creased by poor oral hygiene and decreased by good
oral hygiene. In the present study, the patients’ good
oral hygiene may have prevented a significant increase
in TNF- @ levels around the miniscrew implants.

CONCLUSION

In conclusion, TNF-«@ levels around miniscrews
used for anchorage in canine distalization increased in
the initial period by the application of force to the
miniscrew. The TNF- @ levels around the miniscrews
returned to baseline levels, however, after 7 days if
physiologic forces were applied and proper oral hy-
giene was maintained.
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