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ABSTRACT
Introduction: Orthodontic treatment in diabetic patients is usually associated with periodontal disease and bone loss. Proinflam-
matory tumor necrosis factor-alpha (TNF-α) level increases in the periodontal tissue during orthodontic treatment. The aim of this 
study was to  investigate the effect of infliximab (tumor necrosis factor-α antagonist) local injection on orthodontic tooth move-
ment in diabetic rabbits. 
Methods: Diabetes was induced in 22 male adult rabbits using Alloxan intravenous injection(100mg/kg). The level of blood glucose 
was controlled using subcutaneous insulin injection(0.5 IU/Kg Body weight). An orthodontic appliance was placed on the upper 
central incisors of all rabbits for 18 days to create a space between the two teeth. The rabbits were divided into two equal groups, 
the experimental group received 5mg/kg subperiosteal injection of tumor necrosis factor-alpha antagonist (infliximab)in the labial 
side of the upper central incisors in three time intervals (0,7,13 days )of the study period. The control group received equivalent 
volume of normal saline in the same location and same time intervals as experimental group. Clinical measurement of the created 
space were done in (5, 9,13, 18) days of the studying period .
Results: There was a significantly smaller rate of tooth movement in experimental group than control group represented by smaller 
spaces created. 
Conclusions: Local injection of infliximab decrease the movement of the tooth during orthodontic treatment in experimentally 
induced diabetic rabbits. 

INTRODUCTION
Diabetes mellitus	 (DM) is a metabolic disorder 

characterized by impaired action, secretion of 
insulin or both, resulting in hyperglycemia. DM 
has been associated with the occurrence of a series 
of complications involving the skeletal system like 
increased risk for occurrence of osteoporosis, poor 
osseous healing, and impaired bone regeneration 
potential(1).

A number of oral disorders have been associated 
with diabetes mellitus like gingivitis and periodontitis  
that has received the greatest attention(2). 

Orthodontic tooth movement is achieved by 
the remodeling of alveolar bone in response to 
mechanical loading(3). An alteration of the metabolic 
state that interferes with bone remodeling can result 
in a different rate of tooth movement (4) .

The need for orthodontic treatment in diabetic 
patients is usually associated with number of problems 
related to periodontal degradation , tooth loss, and 
abnormalities in the development of the jaws(5). 
Braga et al  (6) stated that the specific diabetic changes 
in the periodontium are more pronounced following 
orthodontic tooth movement. They used nickel-
titanium  coiled spring  between the maxillary right 
first molar and the incisors of diabetic and normal 
mice with force of 35 g. The appliance resulted in 
greater orthodontic tooth movement in diabetic group 
than in normal group . 

	 Patients with well-controlled diabetes are 

not contraindicated for orthodontic treatment (7). 
Diabetes may exert an effect on the periodontium 
through cytokine dysregulation. This is supported 
by a study in which poor glycemic control was 
significantly correlated with greater production of 
cytokines with higher cytokine levels in gingival 
fluid (8). Furthermore, diabetic mice exhibit prolonged 
inflammation in response to P.gingivalis, which is due 
in part to TNF dysregulation (9).

Tumor necrosis factor-alpha (TNF-α) is a 
potent immunomediator and proinflammatory 
cytokine that is rapidly upregulated in the brain after 
injury and secreted by macrophage, monocyte, and 
neutrophile(10). 

In in vivo studies, patients with periodontitis 
and diabetes were found to have significantly higher 
levels of local pro-inflammatory mediators such as 
interleukin-1β and tumor necrosis factor-α, compared 
to systemically healthy individuals with periodontal 
disease(11).

Pro-inflammatory cytokines, such as TNF-α, are 
thought to play a role in bone remodeling  and osteoclast 
differentiation. In rats  and in humans , orthodontic 
tooth movement increases the levels of TNF-α in the 
periodontal tissues(12),and reflects changes to multiple 
components of the periodontium(4).

  TNF-α modifying processes directly associated 
with tooth movement and may also induce mediators 
of the inflammatory process, which will then influence 
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osteoclast recruitment and function, suggesting 
an important role for TNF- α in orthodontic tooth 
movement(13).

Many attempts have been done to decrease bone 
resorption during orthodontic treatment using different 
systemic or local application of medications and the 
intake of dietary supplements, such as minerals(14), 
hormones(15), proteins(16) and immunomodulators(17).

Infliximab is a monoclonal antibody against 
tumour necrosis factor-α. It binds to soluble and 
membrane-bound TNF-alpha with a high affinity, 
and inhibits its effect by blocking TNF receptors 
interaction. Infliximab inhibits bone destruction 
effectively and treatment with infliximab resulted 
in significant early decrease in the inflammatory 
markers(18).

In a study done by Liu et al 2006(19) when 
they inoculated Porphyromonas gingivalis into 
the scalp of diabetic and normoglycemic mice 
and used Etanercept(TNF-α inhibitor)by two 
ways of injection, systemically(intraperitoneal)
and locally(subcutaneous) in the site of bacteria-
induced injery,  they noted that  the inhibition of 
TNF-α increases new matrix formation significantly 
and  reduces apoptosis of bone-lining cells in 
diabetic but not normoglycemic mice. In addition, 
TNF-α antagonist significantly raised the number of 
osteoblastic cells to a level that was similar to the 
normoglycemic group.

In a study on cytokine expression and its 
inhibition, Zhang et al 2003 (20) found that after daily 
intraperitoneal injections of 2ml of 1 µg/ml soluble 
receptors to TNF-α (sTNF-α -RI) in Wistar rats 
induced an inflammation by mechanical injury using 
a sterilized, flat, needle-like instrument that inserted 
to 1 mm in depth on the the mesial gingival margin 
of the upper left first molars, the results demonstrated 
that in TNF-α receptor groups the amount of bone and 
root resorption was significantly reduced following 
systemic application of sTNF-α –RI. 

A study done on Macaca facicularis monkey 
by Assuma et al 1998 (21) with  induced periodontitis 
and alveolarbone loss through tying porphyromonas 
gingivalis-soaked suture ligatures around the 
posterior mandibular teeth, local injection of soluble 
receptors to IL-1 and TNF was given three times each 
week for 6 weeks. The results recorded inhibition of 
the inflammatory cells in close proximity to bone by 
approximately 80% , the formation of osteoclasts was 
reduced by 67% at the experimental sites compared 
with that at the control sites, and the amount of bone 
loss was reduced by 60%.  

This study was done to investigate the role of 
local infliximab (TNF-α antagonist) injection on 
orthodontically moved teeth in experimental induced 
controlled diabetic rabbits. 
METHODS

This study used 22 male local breeded  
rabbits weighing 1.5-2 kg. At the beginning of the 
experiment, all animals were kept under standardized 
laboratory conditions of light-and-dark schedule and 
relative humidity and fed ad libitum with commercial 
pellets and water from thick-walled glass dishes. 
Diabetes was induced in all rabbits by a single dose 
of intravenous (lateral ear vein) injection of alloxan 
100mg/kg(fig.1), then immediately the animals were 
injected by 10cc of glucose 20% subcutaneously  and 
then 10cc of glucose every 4 hours for 24 hours to 
prevent hypoglycemic  convulsion. Drinking water 
of the animal was substituted by glucose solution 5% 
for 24 hours to prevent hypoglycemia22. Fasting blood 
glucose was evaluated every morning for 7days post-
injection using Accu-ChekActive monitoring system. 
Alloxan-injected rabbits were considered to have 
diabetes if fasting glucose levels were>300mg/dL.1,4.

Figure 1:Intravenous (lateral ear vein) injection site of Alloxan . 

 After confirming diabetes in the rabbits, insulin 
treatment was started by subcutaneous injection of 0.5 
IU/Kg body weight  every 48 hours  in the morning 
(22). The controlled diabetic rabbits were left for 8 
weeks before performing the orthodontic procedure 
in order to give sufficient time for diabetes mellitus to 
affect the body tissues(5). After 8 weeks, rabbits were 
anaesthetized by intramascular injections of xylazine 
2%(4mg/kg B.W.)and Ketamine hydrochloride 
(40mg/kg B.W)mixture in order to fix the orthodontic 
appliance(22) . Orthodontic appliances were placed for 
all rabbits for about 18 days. They consisted of two 
mini buccal tubes bonded to the labial surface of the 
upper central incisors vertically positioned parallel 
to long axis of the incisors in the cervical third of 
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clinical crown. L-shaped wire consisted of 2 pieces of 
0.017*0.025 inch stainless steel wires,  was inserted 
in the both tubes . The force was applied by light 
strength nickel-titanium open coil spring which was 
fitted over the two horizontal wires sections between 

the two upper central incisors(fig. 2and3). The force 
level after activation was approximately 35gm 
measured using Bolye gauge. This force resulted in 
distal movement of each upper central incisors gaining 
median space between the two central incisors. 

Figure.2: Orthodontic appliance  on upper central incisors before activation 

Figure 3: Diagram showing the orthodontic appliance used in the study

The  rabbits were divided equally into 2 groups 
(11 rabbits for each): an experimental group which 
received subperiosteal injection of 0.1 ml of TNF-α 
antagonist (infliximab 5 mg/ kg) in the labial side 
cervically (23).   The remaining 11 rabbits were 
considered as a control group which received 0.1ml  
normal saline injection in the same site as in the 

experimental group(fig.4). The local injection of both 
infliximab and normal saline were given in three 
different time intervals (1st, 7th and 13th day) following 
insertion of the appliance. To quantify and record the 
amount of tooth movement, four measurements were 
performed for each rabbit  by measuring the distance 
between the two mid point of the mesial surface at 
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cervical line of central incisors at (5th, 9th, 13th, 18th 
day) using digital vernier sensitive to 0.01 mm. This 

point was chosen in order to stick to a fixed point  
during measurement. 

Figure 4: Infliximab and normal saline injection site
Descriptive statistics: means and standard 

deviations were calculated for both groups. 
Unpaired student t-test, showing differences 
in means  of spaces between control group 
and experimental group at different times 
with standard deviation(SD) for each group. 
Measurements were in mm,(P value≤ 0 .05 was 
considered statistically significant).
 RESULTS 

The insertion of the designed orthodontic 
appliance resulted in distal movement of the 
two central incisors with minimum distortion for 
the gingival tissue and for the appliance in both 
experimental and control group. (fig 5) 

Figure 5:Orthodontic appliance  on upper central incisors 
at the end of the study.

The injection of infliximab in the labial 
side of orthodontically moved teeth resulted in  
obvious changes which were recorded and 
measured clinically. The statistical analysis 
of the clinical measurement in day(5 and 9) 
revealed a highly significant difference between 
experimental and control groups(P< 0.001). 
While there was very highly significant difference 
in the mean  of the space between the two groups 
in day (13 and 18),  The mean space was(1.909 
±0.459mm)in experimental group in day 5, while 
in control group it was(2.554 ±0.509mm). In 
day 9, the mean space was(2.791 ±0.505mm)
in experimental (infliximab given)group, while 
in control group it was(3.436 ±0.406 mm). In 
day 13 the mean space was(3.745±0.503mm)
in experimental group, while in control group it 
was(4.554 ±0.378mm), where in day 18 the mean 
of space in the experimental group was(4.591 
±0.503mm),while in control group was(5.618 
±0.346mm) as shown in figure 6.

From the statistical data and from figure 6, 
it is obvious that the experimental group which 
received infliximab injection showed less tooth 
movement than the control goup.
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Figure 6: Unpaired student t-test of means and standered deviation(±S) of spaces between the two maxillary 
incisors in both controls and infliximab(experimental) group.

DISCUSSION 
Orthodontic tooth movement occurs by 

the remodeling of alveolar bone as a result of 
the force that is exerted on the periodontium(6). 
In this study, a nonhuman primate model was 
used to assess the effect of local administration 
of TNF-α antagonist (infliximab) on the rate of 
tooth movement in diabetic model in an attempt 
to interfere with cytokines which are usually 
elevated during orthodontic tooth movement12 and 
diabetes mellitus(11). To the best of our knowledge 
there is no previous clinical study on the effect 
of local infliximab injection on orthodontic tooth 
movement especially in diabetic model. The 
results of this study were comparable with those 
obtained from rats with experimentally induced 
tooth movement following a constant tipping 
force of 0.5 N on upper first molar. The studied 
animals received daily intraperitoneal injection of 
2ml of 1µ/ml of soluble receptors to TNF-α and  
IL-1 , The amount of tooth movement after 3,6,9 
and 12 days was reduced especially for the group 
treated with receptors to  TNF-α by approximately 
50 persent (24).

An increase in the expression of TNF-α was 
observed in periodontal tissues surrounding teeth 
of diabetic mice more than in normoglycemic 
mice at 12 and 72 hours of orthodontic appliance 
mechanical loading  which exhibited greater 
orthodontic tooth movement and a higher 
number of  osteoclasts during histomorphometric 
analysis(6). 

Another  comparable study done by Andrade 
et al 2007 (12) on a nonhuman primate model which 
use the orthodontic appliance of NiTi coil spring 
between the maxillary right first molar and the 
incisors in Wild-type mice(WT)and p55-or TNF-
RI deficient mice (p55-/-). The levels of TNF-α 
and chemokines were evaluated in periodontal 
tissues with a significantly smaller rate of tooth 
movement,  and lower number of TRAP-positive 
osteoclasts in p55-/- mice than that observed in 
Wild type mice.

The results of thr present study demonstrate 
that the local injection of infliximab caused a 
significant reduction in tooth movement in day 
5 and  day 9, which is considered to be due to 
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bone resorption by osteoclasts ,while there was 
a high significant difference between the two 
groups at the day 13th and 18th revealing that in 
diabetic group, the increasing bone resorption 
after orthodontic force application was sustained 
for longer time. This finding agrees with Li et 
al 2010 (4) study on remodeling of periodontal 
ligament in diabetic rats. They found markedly 
increase in osteoclasts in the PDL at the edge 
of the alveolar bone in the diabetic groups after 
application of orthodontic force and peaked at 
day 7. This increase was returned to a normal 
level gradually in the normal group. However, 
in diabetic animals, the elevated numbers of 
osteoclasts were sustained for a longer time 
under the same force, leading to extended period 
of the bone destruction. There was a significant 
difference between the experimental and control 
groups at day 14 reflecting a large decline in 
osteoclast number in the normal group versus a 
small decrease in the diabetic group.

When alveolar bone loss is induced, there is 
a dramatic increase in leukocyte recruitment in 
close proximity to bone. The presence of blockers 
to IL-1 and TNF, decreases the recruitment of 
leukocytes  substantially. This suggests that bone 
loss is initiated when the inflammatory stimulus 
spreads to the deep gingival connective tissue, 
stimulating the recruitment of leukocytes. Thus, 
blocking TNF-α activities may inhibit bone loss 
both directly and indirectly; the latter occurring 
via decreased recruitment of mononuclear cells in 
the area of bone(21).

In this study, the tooth movement in control 
group was increased steadily until day 18 and 
there was a highly significant difference at this day 
between the control group and the experimental 
group, this may reflect the time accumulation 
effect of infliximab at the end of orthodontic 
movement in experimental group .

Our results demonstrated that diabetic rabbits 
with infliximab represented an increased tooth 

movement, this may be due to the inhibition of 
TNF-α leading to increase in new bone matrix 
formation and a significant reduces in apoptosis of 
bone-lining cells in diabetes, and, consequently, a 
greater number of osteoclasts and bone resorption 
(25), in addition, TNF-α antagonist significantly 
raised the number of osteoblastic cells and 
controlling the production of chemokines and 
osteoclasts(12).

The decreasing in tooth movement in the 
experimental group may be related to decrease in 
bone resorption, since infliximab binds to soluble 
and membrane -bound TNF-α with high affinity, 
impairing the binding of TNF-α to its receptor(26). 
Another action for infliximab which may play a 
role in the reduction of the inflammatory reaction 
through killing cells that express TNF-α through 
antibody-dependent and complement-dependent 
cytotoxicity(27).

	 The clinical result of this study need to 
be confirmed histologically and ultrastructurally 
prior to the recommendation of using local 
infliximab injection as an adjunctive in orthodontic 
treatment to reduce tooth movement especially in 
anchorage tooth or to control tooth movement in 
medically compromised patients.
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