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Effects of infliximab local injection on orthodontic tooth movement in
diabetic rabbits: A histological study

Received: 19/4/2015 Accepted: 4/10/2015

Anees M. Mudhir * Rafah Al-Maroof ** Fadhil Y. Jasim ***

Abstract

Background and objective: Orthodontic tooth movement is mediated by tumor necrosis
factor —a through activation of osteoclasts. Type 1 diabetes mellitus is characterized
by a change in the bone remodeling and affects orthodontic treatment. This study aimed
to investigate the effects of infliximab local injection on orthodontic movement in the
diabetic rabbit.

Methods: Sixty six rabbits were divided equally into three groups; two groups were
rendered diabetic using alloxan injection, while the third group was regarded as a
normoglycemic group. Only one of the diabetic groups received insulin treatment. All
rabbits were subjected to orthodontic tooth movement of upper central incisor for 18 days,
half of each group received infliximab subperiosteal injection, while the remaining number
received saline injection. After sacrifice, tissue samples were subjected to histological
preparation and histomorphometric analysis.

Results: Insulin treated group revealed less prominent destruction of the periodontium
when compared with the untreated group. The histological pictures of infliximab injected
groups demonstrated less bone resorption in pressure side and more bone formation in
tension side. There was a significantly smaller number of osteoclast with less compression
in the width of the periodontal ligament in the tension side with infliximab injection.
Conclusion: Infliximab local injection hindered bone resorption in the diabetic state during
orthodontic tooth movement.
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Introduction

Diabetes mellitus has been associated with
the occurrence of a series of complications
like increased risk for osteoporosis, poor
osseous healing, and impaired bone
regeneration potential." The change in
the metabolic state interferes with bone
remodelling and results in a different
rate of tooth movement.? Braga et al.’
reported greater tooth movement with
retarded osseous regeneration, debilitation
of the periodontal Iligament, and
microangiopathies in diabetic experimental
mice when compared with the normal
group. Diabetes affects the periodontium
through cytokine dysregulation, where poor
glycemic control is significantly correlated
with the greater production of cytokines

and higher cytokine levels in gingival
fluid.* Tumor necrosis factor-alpha
(TNF-a) is a potent immunomediator and
proinflammatory cytokine that is rapidly up
regulated after injury and secreted by
macrophage, monocyte, and neutrophile.’
It exerted deleterious effects on glucose
homeostasis and lipid metabolism and
proposed to be causatively involved in the
evolution of insulin resistance.® TNF-a
modifying processes is directly associated
with tooth movement, and may induce
mediators of the inflammatory reaction
which will then impact osteoclast recruit-
ment and function, suggesting a crucial
role for TNF- a in orthodontic tooth
movement.” Infliximab is a monoclonal
antibody against TNF-a that binds to
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soluble and mem-brane-bound TNF-a with
a high compatibility and inhibits its effect
by blocking TNF receptors interaction.
The treatment with infliximab results in
significant decrease in the inflammatory
markers and inhibits bone destruction
effectively.® Andrade et al.’ showed that
TNF-a antagonist significantly reduce the
number of osteoclastic cells and controlling
the production of chemokines in nonhuman
primate model after the use of the
orthodontic appliance in Wild-type mice
(WT)and TNF-RI deficient mice. This study
was conducted to investigate the role of
local infliximab (TNF-a antagonist) injection
on the periodontium of orthodontically
moved teeth in experimentally induced
diabetic rabbits.

Methods

A total of 66 male adult local breeded
rabbits, weighting (1.5-2 kg) were used in
this study. After obtaining the approval from
the ethical committee of Hawler Medical
University, 44 rabbits received alloxan
intravenous injection (100mg/Kg) to induce
diabetes mellitus.’® The injected rabbits
were considered to have diabetes if fasting
glucose level was >300 mg/dL." The blood
glucose level was monitored every three
days till the time of sacrifice using a
glucose meter. Five days after confirming
diabetes, 22 rabbits received subcutaneous
insulin treatment (0.5 IU/Kg) every 48
hours in the morning till the animals were
sacrificed.’® Two months later, all 66
rabbits wear orthodontic appliance for 18

days. The appliance was consisting of two
mini buccal tubes with 2.4 mm length and
2mm diameter, slot 0.018*0.028 inch.
The tubes were bonded to the labial
surface of rabbit upper central incisors
almost in the cervical third of the clinical
crown. L-shaped stainless steel wire of
0.017*0.025 inch with long arm 5 mm was
inserted in the mini tube, while the short
arm 3.5 mm faced the other short arm arch
wire of the other mini buccal tube on the
other upper central incisor. The force
(approximately 35 gm) was applied by light
strength nickel-titanium open coil spring
fitted over the two horizontal wires sections
with 0.079 inch diameter (Figure 1a).
Half of each group (11rabbits) received
a subperiosteal local injection of 0.1 ml
TNF-a antagonist on the labial side of
orthodontically moved teeth. The infliximab
was prepared by mixing the 50 mg
infliximab tablet with 10 ml normal saline to
end up with a concentration of 5mg/ml."
The remaining half (33 rabbits) from
both normoglycemic and diabetic groups
received 0.1ml of normal saline in the
same manner using disposable insulin
syringe (Figure 1b). The local injection
was given at three different time intervals
(1%, 7" and 13" day) following the insertion
of the appliance. After 18 days following
appliance insertion, all rabbits were
sacrificed humanely and the alveolar
bone containing the moved teeth was
subjected to H&E (Haematoxylin & Eosin)
preparation and histomorphometric

analysis using Motic digital microscope.

Figure 1: a- orthodontic appliance on upper central incisors before activation.
b- Infliximab and normal saline local injection site after activation.
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The width of the PDL on the tension side
was measured (x100) in three different
areas (cervical, middle, and apical area)
and the mean was recorded and subjected
to the statistical analysis. On the pressure
side, counting of osteoclasts on the
periphery of the alveolar bone was
done wunder high power (x400) that
meet the criteria of multinucleated giant
cells rested in Howship’s lacunae. Means
and standard deviations, one way analysis
of variance test ANOVA and Pairwise
multiple comparison procedures (Holm-
Sidak method) were used to compare all
groups using the statistical package for the
social sciences (version 17). P value <0.05
was considered statistically significant.

Results

1-The normoglycemic group injected with
saline (NG): On examining the tension side
of the moving tooth, there was an obvious
increase in the width of the PDL as a result
of orthodontic movement with the formation
of many newly formed bony projections that
were extended in the same direction of

2
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Figure 2: Microphotograph of the nor

the tooth movement. The staining intensity
of these newly formed bony projections
obviously differs from the old bone with
the presence of well demarcated resting
line. The bony projections incorporated
many large nuclei osteocytes within their
lacunae and their peripheries were lined
by a large population of osteoblasts. The
PDL demonstrated high cellularity with
the disorientation of its principle fibers
especially next to the bone surface
(Figure 2 A and B). On the pressure side,
the alveolar bone lost the smooth bundle
bone surface, instead, alveolar bone
demonstrated irregular outline as a result
of the presence of many depressions that
were occupied by multinucleated giant
osteoclasts especially on the internal
side. The PDL principle fibers appeared to
arrange parallel to the tooth long axis
with inactive fibroblasts run in the
same direction and compressed nuclei
with scanty cytoplasm and most of the
interstitial spaces were in close contact
with the periphery of the bone (Figure 2 C
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moglycemic group injected with saline.

A: Tension side demonstrates formation of new bony projections (NB), PDL highly cellular.
B: Magnification of the square area bony projections lined by osteoblasts and incorporated
many osteocytes. C: Pressure side shows compressed PDL with fibers run parallel to the
tooth surface and irregular alveolar bone periphery with interstitial spaces (IS) close to it.
D: osteoclasts in the internal & external bone surface of the pressure side. (H&E. A: x100,
B: x400, C:x100, D:x400).AB: alveolar bone, PDL: periodontal ligament, D:dentin, OBL:

osteoblast; OCT: osteocyte.
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2- The normoglycemic group injected
with infliximab(NGF): The tension side
demonstrated wide PDL filled with many
blood vessels and thin newly formed bone
spicules extended in the same direction
of tooth movement and incorporated
many osteocytes within their lacunae
that sometimes contained more than one
nucleus. The bony spicules were lined by
a large number of osteoblasts and the

Figure 3: Microphotograph of the normoglycemic group injected with

attachment of the PDL principle fibers
to the bony spicules was very clear
(Figure 3 A and B). On the pressure side,
the principle fibers were parallel to the
long axis of the tooth. The amount of
bone resorption was less than in the

normoglycemic group with saline injection
as indicated by the smooth periphery of
the bone, smaller size and number of the
osteoclasts (Figure 3 C and D).

infliximab.

A:In tension side, wide PDL filled with blood vessels and extended bony projections
(arrows). B: Magnification of square area shows Sharpey’s fibers extended between
strands of osteoblasts (thin arrows) & interrupted osteocytes (thick arrows).
C: Compressed PDL with principle fibers parallel to the tooth long axis
D: Magnification of square area represent site of bone resorption with a depression
occupied by osteoclast (OCL) (H&E A: x100, B: x400, C: x40, D: x400). D: dentin, AB: al-
veolar bone, PDL: periodontal ligament.
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3. The uncontrolled diabetic group injected
with saline (UCD): The periodontium of
uncontrolled diabetic demonstrated
enormous histological changes. The PDL
on the tension side showed massive
widening with loosening of the principle
fibers that accompanied by many empty
spaces between the collagen fibers unlike
the previous group. Despite that, the
formation of new bony trabeculae was
still  detected. The most prominent

change observed in this group was the

demonstrated destructed walls of blood
vessels with extravasations of R.B.C
(Figure 4 A and B). On the pressure
side, the destruction of the blood
vessels wall was also noticed on
this side with infiltration of many
inflammatory cells. Bone resorption was
recorded on the periphery of the bone
with irregular surfaces and presence
of Howship’s lacunae that were more
prominent on the internal surfaces
of the marrow cavity (Figure 4 C and D).

blood vessels, locations

were many

s

Figure 4: Microphotograph of uncontrolled diabetic rabbit injected with normal saline.
A:Tension side demonstrated loosening of the principle fibers accompanied by extended
new bone trabeculae. B: Magnification of square area shows the newly formed
bone(N) fainter than old bone (OB) and many destructed blood vessels (Thick arrow).
C: Compressed PDL with extravasation of R.B.C. D: Magnification of square area,
the marrow cavity filled with blood vessels and infiltrated by many inflammatory cells (IFC)..
(H&E. A:x40, B:x100, C:x40, D:x400).AB: alveolar bone; BV: blood vessels, HL:
Howships lacunae, D: dentin, OM: oral mucosa.
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4. The uncontrolled diabetic group injected
with infliximab (UCDF): In tension side,
the principle fibers of PDL preserve most
of its normal appearance with the presence
of thick wavy bundles that most of
them directed obliquely. The principle fibers
inserted in cementum in a perpendicular
direction with the presence of many
active fibroblasts between them. The PDL
appeared to be less destructed than the
previous saline group and the newly
formed bony projection had a smoother
surface that lined by many osteoblasts.
The new bone was fainter and easily
noticed even under low power examination.

The degree of inflammation appeared to
be less prominent than in the uncontrolled
diabetic group with saline injection
although many congested blood vessels
were present within the interstitial spaces.
(Figure 5 A and B). As in other groups, the
PDL on the pressure side was compressed
with the principle fiber ran parallel to the
tooth long axis with smoother surface of
the alveolar bone when compared with
group injected with saline. The internal
resorption was noticed with presences of
many Howship's lacunae that housed

multinucleated giant cells (Figure 5 C and
D).

Figure 5: Microphotograph of uncontrolled diabetic rabbit injected with infliximab.

A: Tension

side shows smooth alveolar

bone with well condensed PDL.

B: Magnification of square area, the newly formed bone( double arrow) is fainter and
PDL contain many congested blood vessels. C: Pressure side shows irregular periphery of
the bone with Howships lacunae containing osteoclasts. D: Magnification of the square
area shows many osteoclasts and marrow cavities filled with inflammatory cells (Thick

arrow).(H&E: A:x40, B: x100, C:x40, D:400). D:dentin, AB: alveolar bone,

BV: blood

vessel, OCL.:osteoclast, OCT: osteocyte, HL: Howship’s lacunae.
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5- The controlled diabetic group injected
with saline (CD): On the tension side, the
principle fibers were extended between
the bone and cementum with obvious
preservation of their normal structures
especially their attachment to the bone
surface. The Sharpey’s fibers were thick
and easily detected even under low power.
Newly formed bone spicules were longer
& wider than uncontrolled group. The
PDL greatly differ from the uncontrolled
diabetic group. It was more fibrous and

the collagen fibers were more condensed
with a chance to localized many congested
blood vessels (Figure 6 A and B).
The PDL in the pressure side was
compressed and contained many blood
vessels that showed some signs of
destruction with extravasation of R.B.C.
The periphery of the bone demonstrated
irregular outlines as a result of the
presence of much Howship lacunae that
contain multinucleated giant cells (Figure 6
C and D).

Loy

Figure 6: Microphotograph of controlled diabetic rabbit injected with normal saline.
A: Tension side shows well preserved PDL features with thick Sharpey's fibers on the
bone side. B: Presence of newly formed bone spicules lined by osteoblast and filled
with osteocytes. PDL filled with congested blood vessels. C: Pressure side bone periphery
demonstrated irregular outlines with the presence of Howship’s lacunae. D: Magnification
of the square area, many congested blood vessels & osteoclasts. (H&E. A:x40, B:x100,
C:x100, D:x400). D: dentin; AB: alveolar bone, EP: epithelium, LP: lamina properia, BV:
blood vessels, BS: bone spicules, IRB: irregular outline bone; OCL: osteoclast.
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6. The controlled diabetic group injected
with infliximab (CDF): The treatment of
diabetic rabbits with insulin hindered
the histological changes that were more
prominent in the saline untreated group.
The inflammatory process was less
recognized and the arrangement of the
collagen fiber was preserved and well
organized with intact Sharpey's fiber.
Despite that, the interstitial spaces still
filled with large number of congested blood
vessels. The bone of the alveolar process
demonstrated the formation of a new layer
which was well distinguished from old bone

Figure 7: Microphotograph of controlled diabetic rabbit

and lined by well-arranged osteoblasts
(Figure 7 A and B). On the pressure side,
the PDL fibers arranged parallel to the
tooth long axis with compression of the
interstitial spaces and compression of
the fibroblasts especially in the middle
region. The periphery of the bone showed
signs of resorption with the presence of
small osteoclasts in shallow Howship’s
lacunae. The bone resorption appeared to
be less prominent than other groups even
the normoglycemic group that received a
saline injection (Figure 7 C and D).

injected with infliximab.

A: Tension side shows well-organized collagen fiber with intact Sharpey’s. Bony
projections lined by osteoblasts. B: Magnification of square area demonstrated new
bone filled with osteocytes & interstitial spaces filled with congested blood vessels.
C: Irregular bone’s periphery. D: Shallow Howship's lacunae occupied by osteoclasts
(H&E. A: x100, B: x400, C:x40, D:x400). AB:alveolar bone, D:dentin, IS: interstitial
space, OB: old bone, NB: new bone, BV: blood vessels OCL:osteoclast, PF:principle fiber,

HL: Howship's lacunae.
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Histomorphometric analysis

1-Periodental ligament (PDL) width on the
tension side: Baseline data were collected
from 4 normoglycemic rabbits that didn’t
undergo any orthodontic treatment. The
means and the standard deviations of PDL
width for all studied groups are shown in
Table 1. The width of PDL was changed in
all groups when compared with normal
baseline data that was (49.82+15.83 um).
The highest increase in the width of PDL
was observed in the uncontrolled diabetic
group (UCD) which was (231.08+£42.57um),
while the least change was seen in
the normoglycemic group that received
infliximab injection (NGF), where PDL width
was (84.28+14.45um). Generally, infliximab
injection caused an obvious reduction in
the width of PDL even in uncontrolled

diabetic group. On performing ANOVA
test, the subperiosteal infliximab injection
caused significant differences only in
the diabetic group whether uncontrolled or
controlled. The diabetic state affected
the PDL width with high significant level
in both, uncontrolled or controlled as
shown in Table 2. 2-Osteoclast number:
The highest number of osteoclast was
observed in uncontrolled diabetic group
injected with normal saline (UCD)
(24.36+5.25), while the least number was
observed in the controlled diabetic group
that received infliximab injection(CDF),
which was (7.91+£3.91). All groups that
were injected with infliximab demonstrated
a smaller number of osteoclasts in
comparing with saline injection groups as
shown in Table 1.

Table 1: Means and standard deviations of PDL width in tension side in all study groups

in um., and of osteoclast number in pressure side in all study groups.

Groups PDL width Meant std(um) Osteoclast Meant+ SD P value
- - (ANOVA)

Normal 49.82+15.85 8.90+2.34

NG 114.14+26.89 19.904+4.20

NGF 84.27+14.45 9.09+2.87

CcD 200.23+30.06 18.00+£7.87 <0.001

CDF 137.68+65.80 7.90+3.91

ucb 231.07+42.57 24.36+5.25

UCDF 176.09+34 .49 13.81+4.44

Table 2: One-way analysis of variance test for means and standard deviations of PDL

width in the tension side in all study groups.

Groups NG NGF UCD UCDF CD CDF
NG 20.86 116.93* 61.95°  86.08" 2354
NGF 146.80* 91.82** 11595  53.41*
UCD 5408  30.84 93.39**
UCDF 24.13 38.41
CD 62.54*

F=34.218, P <0.001

Holm-Sidak Pairwise multiple comparison procedures (* significant P <0.05, ** highly

significant P <0.001).
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On performing ANOVA test, the infliximab
injected grouped (normoglycemic and
diabetic) showed a smaller number of
osteoclasts with a high level of significancy
when compared with corresponded groups
injected with saline. On the other hand
insulin  treatment significantly affected
osteoclasts number when compared with
uncontrolled groups with or without
infliximab local injection as shown in
Table 3.

Discussion

Orthodontic tooth movement takes place
through remodeling of alveolar bone as a
result of the force that is exerted on the
periodontium.® This study was conducted
to assess the effect of local administration
of infliximab on tooth movement in
normoglycemic and diabetic model in an
attempt to interfere with TNF- a which
is usually elevated during orthodontic
treatment,” and during diabetes mellitus."
The orthodontic movement of rabbit's
central incisor with infliximab injection
caused many histological changes that
were confirmed by histomorphometric
results. The infliximab injection decreased
the rate of tooth movement with a
significantly smaller width of PDL in tension
side and a smaller number of osteoclasts
in pressure side. The infliximab effect was
more pronounced in the diabetic group

than in a normoglycemic group. Previous
studies done by Blesta et al.™ and
SeonBaik et al." showed that orthodontic
loading prompt the elevation of TNF-a and
IL-1 that occurred within the first day
following mechanical force application in
both compression and tension areas.
TNF-a is a typical mediator of inflammatory
response that has been shown to be
involved in the process of bone
resorption.’® The results of this study may
be due to the inhibition of TNF-a leading to
increase in new bone matrix formation,
since the presence of TNF-a antagonist
cause significant reduction in apoptosis
of bone-lining cells in diabetes, and,
consequently, a less number of osteoclasts
and less bone resorption.’® The
arrangement of the collagen fibers was
differed between the controlled and
uncontrolled diabetic groups with more
uniformed well-packed fibers with insulin
treatment, this come in accordance with
study done by Tawfiq'’ that showed
the amount of collagen fibers in the
wound done in the rat's tongue was
lowered dramatically in diabetic rats than
in the normal group. The same result
documented in the study done by Xin
et al.,"® which used orthodontic therapy in
diabetes induced rats for 14 days. Their
study demonstrated significant lowering in
the expression of collagen fibers in PDL of

Table 3: One-way analysis of variance test for means and standard deviations of
osteoclasts number in the pressure side of all study groups.

Groups NG NGF ucbD UCDF CD CDF
NG 1081 445 6.09* 1.90 12.00**
NGF 1507 472 8.90* 118
ucD 1054  636*  16.45*
UCDF 418 5.90%
CcD 10.09**

One way ANOVA, F=19.982, P <0.001

Holm-Sidak Pairwise multiple comparison procedures (* significant P <0.050, ** highly

significant P <0.001).

1346



Effects of infliximab local injection on orthodontic .......

Zanco J. Med. Sci., Vol. 20, No. (2), 2016

http://dx.doi.org/10.15218/2zjms.2016.0029

adiabetic rats than in normoglycemic rats.
The changes in collagen fibers may be due
to hyperglycemia, a characteristic feature
of diabetes, that inhibits the proliferation
and differentiation of fibroblasts and
contribute to the delayed periodontal
regeneration and healing seen in patients
with diabetes mellitus.” Rapid bone
resorption and marked PDL destruction are
features of orthodontic movement in animal
models of diabetes in a study done by Li
et al.,? with significantly more osteoclasts in
the PDL of diabetic induced rats compared
with normoglycemic rats after orthodontic
treatment. Graber et al.?’ stated that TNF-a
plays a prominent role in the mechanism
controlling the appearance of osteoclasts
at compression sites. An increase in
the expression of TNF-a was observed
in periodontal tissues surrounding teeth in
diabetic mice more than in normoglycemic
mice at 12 and 72 hours of orthodontic
appliance mechanical loading which
exhibited greater orthodontic tooth
movement and higher number of
osteoclasts during histomorphometric
analysis.> Tumor necrosis factor-alpha
(TNF-a) is members of the formerly known
osteoclast-activating  factor that have
been imglicated in the bone remodeling
process.

Conclusions

Infliximab injection around the orthodonti-
cally moved significantly decreased the
rate of movement in normoglycemic and
diabetic rabbits and decreased the
destructive effect of diabetic disease with
preservation of the periodontal tissue
especially in the uncontrolled diabetic
group. Local injection of infliximab could be
a promising method for decreasing bone
resorption and periodontal inflammation in
diabetic rabbits undergoing orthodontic
treatment.

Conflicts of interest
The authors report no conflicts of interest.

References
1. Retzepi M, Lewis MP, Donos N. Effect of diabetes

10

11.

12.

13.

and metabolic control on de novo bone formation
following guided bone regeneration. Clin Oral
Implants Res 2010; 21:71-9.

Li X, Zhang L, Wang N, Feng X, Bi L.
Periodontal ligament remodeling and alveolar
bone resorptionduring orthodontic tooth
movement in rats with diabetes. Diabetes
Technol Ther 2010; 12:65-73.

. Braga SM, Taddei SR, Andrade IJ, Queiroz-

Junior CM, Garlet GP, Repeke CE, et al.
Effect of diabetes on orthodontic tooth move-
ment in a mouse model. Eur J Oral Sci 2011;
119:7-14.

. Engebretson SP, Hey-Hadavi J, Ehrhardt FJ,

Hsu D, Celenti RS, Grbic JT, et al. Gingival
crevicular fluid levels of interleukin-1beta
and glycemic control in patients with chronic
periodontitis and type 2 diabetes. J Periodontol
2004; 75:1203-8.

. VanDoornum S, McColl G, Wicks IP. Tumour

necrosis factor antagonists improve disease
activity but not arterial stiffness in rheumatoid
arthritis. Rheumatology (Oxford) 2005; 44:
1428-32.

Gonzalez-Gay MA, De Matias JM,
Gonzalez-Juanatey C, Garcia-Porrua C, Sanchez
-Andrade A, Martin J, et al. Anti-tumor necrosis
factor-alpha blockade improves insulin resistance
in patients with rheumatoid arthritis. Clin Exp
Rheumatol 2006; 24:83-6.

. Yoshimatsu M, Shibata Y, Kitaura H, Chang X,

Moriishi T, Hashimoto F, et al. Experimental
model of tooth movement by orthodontic force in
mice and its application to tumor necrosis factor
receptor- deficient mice. J Bone Min Metab2006;
24:20-7.

. Korczowska I, Lacki JK, Hrycaj P. Influence of

infliximab on cytokines network and markers of
bone remodeling in rheumatoid arthritis patients.
Yonsei Med J 2013; 54:183-8.

Andrade |, Silva TA, Silva GA, Teixeira AL,
Teixeira MM. The role of tumor necrosis factor
receptor type 1 in orthodontic tooth movement.
J Dent Res 2007; 86:1089-94.

. Ibrahim RS. Effect of low energy laser irradiation

on bone healing around intra osseous titanium
implant in experimentally diabetic rabbits. PhD
thesis in Oral histology and biology. University of
Baghdad. College of Dentistry; 2003.

Seneschal J, Lepreux S, Bouyssou-Gauthier ML,
Heliot-Hosten |, Economu A, Dehais J, et al.
Psoriasiform drug eruptions under anti-TNF
treatment of arthritis are not true psoriasis. Acta
Derm Venereol 2007; 87:77-80.

Southerland JH, Taylor GW, Offenbacher S.
Diabetes and periodontal infection: making the
Connection. Clin Diabetes 2005; 23:171-8.

Bletsa A, Berggreen E, Brudvik P. Interleukin-1a
and tumor necrosis factor-a expression during
the early phases of orthodontic tooth movement
in rats. Eur J Oral Sci 2006; 114:423-9.

1347


http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20X%5BAuthor%5D&cauthor=true&cauthor_uid=20082587�
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20082587�
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20082587�
http://www.ncbi.nlm.nih.gov/pubmed?term=Feng%20X%5BAuthor%5D&cauthor=true&cauthor_uid=20082587�
http://www.ncbi.nlm.nih.gov/pubmed?term=Bi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20082587�
http://www.ncbi.nlm.nih.gov/pubmed/?term=.+Xin+Li%2C+M.D.%2C+Lin+Zhang%2C+M.D.%2C+Na+Wang%2C+D.D.S.%2C+XiaohongFeng%2C+M.D.%2C+and+Liangjia+Bi%2C+M.D.+Periodontal+Ligament+Remodeling+and+Alveolar+Bone+ResorptionDuring+Orthodontic+Tooth+Movement+in+Rats+with+Diabetes.�
http://www.ncbi.nlm.nih.gov/pubmed/?term=.+Xin+Li%2C+M.D.%2C+Lin+Zhang%2C+M.D.%2C+Na+Wang%2C+D.D.S.%2C+XiaohongFeng%2C+M.D.%2C+and+Liangjia+Bi%2C+M.D.+Periodontal+Ligament+Remodeling+and+Alveolar+Bone+ResorptionDuring+Orthodontic+Tooth+Movement+in+Rats+with+Diabetes.�
http://www.ncbi.nlm.nih.gov/pubmed/?term=.+Xin+Li%2C+M.D.%2C+Lin+Zhang%2C+M.D.%2C+Na+Wang%2C+D.D.S.%2C+XiaohongFeng%2C+M.D.%2C+and+Liangjia+Bi%2C+M.D.+Periodontal+Ligament+Remodeling+and+Alveolar+Bone+ResorptionDuring+Orthodontic+Tooth+Movement+in+Rats+with+Diabetes.�
http://www.ncbi.nlm.nih.gov/pubmed/?term=.+Xin+Li%2C+M.D.%2C+Lin+Zhang%2C+M.D.%2C+Na+Wang%2C+D.D.S.%2C+XiaohongFeng%2C+M.D.%2C+and+Liangjia+Bi%2C+M.D.+Periodontal+Ligament+Remodeling+and+Alveolar+Bone+ResorptionDuring+Orthodontic+Tooth+Movement+in+Rats+with+Diabetes.�
http://www.ncbi.nlm.nih.gov/pubmed?term=Braga%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=21244505�
http://www.ncbi.nlm.nih.gov/pubmed?term=Taddei%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=21244505�
http://www.ncbi.nlm.nih.gov/pubmed?term=Andrade%20I%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=21244505�
http://www.ncbi.nlm.nih.gov/pubmed?term=Queiroz-Junior%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=21244505�
http://www.ncbi.nlm.nih.gov/pubmed?term=Queiroz-Junior%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=21244505�
http://www.ncbi.nlm.nih.gov/pubmed?term=Queiroz-Junior%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=21244505�
http://www.ncbi.nlm.nih.gov/pubmed?term=Queiroz-Junior%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=21244505�
http://www.ncbi.nlm.nih.gov/pubmed?term=Garlet%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=21244505�
http://www.ncbi.nlm.nih.gov/pubmed?term=Repeke%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=21244505�
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Doornum%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16076882�
http://www.ncbi.nlm.nih.gov/pubmed?term=McColl%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16076882�
http://www.ncbi.nlm.nih.gov/pubmed?term=Wicks%20IP%5BAuthor%5D&cauthor=true&cauthor_uid=16076882�
http://www.ncbi.nlm.nih.gov/pubmed/?term=.+S.VanDoornum%2C+G.+McColl+and+I.+P.+Wicks.+Tumour+necrosis+factor+antagonists+improve+disease+activity+but+not+arterial+stiffness+in+rheumatoid+arthritis.�
http://www.ncbi.nlm.nih.gov/pubmed?term=Korczowska%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23225817�
http://www.ncbi.nlm.nih.gov/pubmed?term=Lacki%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=23225817�
http://www.ncbi.nlm.nih.gov/pubmed?term=Hrycaj%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23225817�

Effects of infliximab local injection on orthodontic ....... Zanco J. Med. Sci., Vol. 20, No. (2), 2016
http://dx.doi.org/10.15218/zjms.2016.0029

14. SeonBaik H, Kwan-Kim CH, Lim W, Chun Y.
Interleukin-1la  and tumor necrosis factor-a
expression on the compressed side of gingiva
during orthodontic tooth movement. OJST 2012;
2:182-7.

15. Kaya FA, Hamamci N, Basaran G, Dogru M,
Yildirim TT. TNF-q, IL-18 and IL-8 levels in tooth
early leveling movement orthodontic tratment.
J Int Dent Med Res 2010; 3:116-21.

16. Liu R, Bal HS, Desta T, Behl Y, Graves DT.
Tumor necrosis factor-a mediates diabetes-
enhanced apoptosis of matrix-producing cells and
impairs diabetic healing. Am J Pathol 2006;
168:757-64.

17. Tawfig FF. The effect of tumor necrosis factor-a
inhibitor on the wound healing of oral mucosa
in induced diabetic rats. M. Sc. thesis in Oral
histology. Hawler Medical University; 2011.

18. Xie R, Kuijpers-Jagtman AM, Maltha JC.
Osteoclast differentiation and recruitment during
early stages of experimental tooth movement in
rats. Eur J Oral Sci 2009; 117:43-50.

19. Kim HS, Park JW, Yeo SI, Choi BJ, Suh JY.
Effect of high glucose on cellular activity of
periodontal ligament cells invitro. Diabetes Res
Clin Pract 2006; 74:41-7.

20. Graber LW, Vanarsdall Jr, R, Vig KW.
Orthodontics current principles and techniques.
5" ed. Philadelphia: Elsevier Mosby; 2012.

1348


http://www.ncbi.nlm.nih.gov/pubmed?term=Xie%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19196317�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kuijpers-Jagtman%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=19196317�
http://www.ncbi.nlm.nih.gov/pubmed?term=Maltha%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=19196317�


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



