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Abstract
Background and objective: Orthodontic tooth movement is mediated by tumor necrosis
factor –α 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.
Keywords: Infliximab; Orthodontic movement; Diabetes Mellitus.
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.1 The change in
the metabolic state interferes with bone
remodelling and results in a different
rate of tooth movement.2 Braga et al.3
reported greater tooth movement with
retarded osseous regeneration, debilitation
of the periodontal ligament, 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.4 Tumor necrosis factor-alpha
(TNF-α) is a potent immunomediator and
proinflammatory cytokine that is rapidly up
regulated after injury and secreted by
macrophage, monocyte, and neutrophile.5
It exerted deleterious effects on glucose
homeostasis and lipid metabolism and
proposed to be causatively involved in the
evolution of insulin resistance.6 TNF-α
modifying processes is directly associated
with tooth movement, and may induce
mediators of the inflammatory reaction
which will then impact osteoclast recruitment and function, suggesting a crucial
role for TNF- α in orthodontic tooth
movement.7 Infliximab is a monoclonal
antibody against TNF-α that binds to

* Department of orthodontic, College of Dentistry, Duhouk University, Duhouk, Iraq.
** Department of oral diagnosis, College of Dentistry, Hawler Medical University, Erbil, Iraq.
*** Department of orthodontic, College of Dentistry, Mosul University, Mosul, Iraq.

1
1337

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

soluble and mem-brane-bound TNF-α 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.8 Andrade et al.9 showed that
TNF-α 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-α 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.10 The injected rabbits
were considered to have diabetes if fasting
glucose level was >300 mg/dL.1 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.10 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-α 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.11
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
(1st, 7th and 13th 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 under 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 (HolmSidak 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

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
and D).

Figure 2: Microphotograph of the normoglycemic 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

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).

Figure 3: Microphotograph of the normoglycemic group injected with 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: alveolar 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
blood vessels, were many locations

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).

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).

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

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).

Figure 7: Microphotograph of controlled diabetic rabbit 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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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.

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 µm).
The highest increase in the width of PDL
was observed in the uncontrolled diabetic
group (UCD) which was (231.08±42.57µm),
while the least change was seen in
the normoglycemic group that received
infliximab injection (NGF), where PDL width
was (84.28±14.45µm). Generally, infliximab
injection caused an obvious reduction in
the width of PDL even in uncontrolled

Table 1: Means and standard deviations of PDL width in tension side in all study groups
in µm., and of osteoclast number in pressure side in all study groups.
Groups

PDL width Mean± std(µm)

Osteoclast Mean± SD

Normal

49.82±15.85

8.90±2.34

NG

114.14±26.89

19.90±4.20

NGF

84.27±14.45

9.09±2.87

CD

200.23±30.06

18.00±7.87

CDF

137.68±65.80

7.90±3.91

UCD

231.07±42.57

24.36±5.25

UCDF

176.09±34.49

13.81±4.44

P value
(ANOVA)

<0.001

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

NG

NGF
29.86

UCD
116.93**
146.80**

UCDF

UCDF
61.95*
91.82**
54.98*

CD
86.08**
115.95**
30.84
24.13

CD

CDF
23.54
53.41*
93.39**
38.41
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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than in a normoglycemic group. Previous
studies done by Blesta et al.13 and
SeonBaik et al.14 showed that orthodontic
loading prompt the elevation of TNF-α and
IL-1 that occurred within the first day
following mechanical force application in
both compression and tension areas.
TNF-α is a typical mediator of inflammatory
response that has been shown to be
involved in the process of bone
resorption.15 The results of this study may
be due to the inhibition of TNF-α leading to
increase in new bone matrix formation,
since the presence of TNF-α antagonist
cause significant reduction in apoptosis
of bone-lining cells in diabetes, and,
consequently, a less number of osteoclasts
and less bone resorption. 16 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 Tawfiq17 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.,18 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

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.3 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- α which
is usually elevated during orthodontic
treatment,9 and during diabetes mellitus.12
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

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

NG

NGF

UCD

UCDF

CD

CDF

10.81**

4.45

6.09*

1.90

12.00**

8.90**

1.18

6.36*

16.45**

4.18

5.90*

15.27**

UCD

4.72
10.54**

UCDF
CD

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).
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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.19 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.,2 with significantly more osteoclasts in
the PDL of diabetic induced rats compared
with normoglycemic rats after orthodontic
treatment. Graber et al.20 stated that TNF-α
plays a prominent role in the mechanism
controlling the appearance of osteoclasts
at compression sites. An increase in
the expression of TNF-α 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.3 Tumor necrosis factor-alpha
(TNF-a) is members of the formerly known
osteoclast-activating factor that have
been implicated in the bone remodeling
process.13
Conclusions
Infliximab injection around the orthodontically 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.
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