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ABSTRACT 
 

Background: There alveolar bone response while orthodontic tooth movement (OTM) is influenced by many 

hormonal conditions such as diabetes mellitus (DM).  
Aim: To find out and compare the response of alveolar bone of diabetic rats with healthy rats while undergoing 

experimental tooth movement in terms of mean osteoclastic count, total areas covered by osteoblasts and total 
resorptive areas.  
Methodology: This study involved 40 male wistar rats, that were divided in to 2 groups with 20 rats in each group. 

Group A was control group with healthy normoglcemic control rats, and group B was diabetic group with rats 
having experimental diabetes. The orthodontic appliance was placed between incisor and first molar to initiate 
experimental tooth movement for 3 weeks. After 3 weeks rats were sacrificed and histology sections were seen 
under microscope to observe the alveolar bone response in terms of mean osteoclastic count, total areas covered 
by osteoblasts and total resorptive areas.  
Results: The results revealed that total alveolar bone resorption surfaces and mean count of osteoclasts was 

significantly more while total areas covered by osteoblasts was significantly less as compared with controls.   
Conclusion: Diabetes mellitus resulted in increase in alveolar bone resorption and decrease in osteogenesis 

while undergoing experimental orthodontic tooth movement in rats. 
Keywords:  Diabetes mellitus; Alveolar bone; Bone remodeling.  

 

INTRODUCTION 
 

Diabetes mellitus is one of the most common metabolic 
disorders in very part of the world as its prevalence is in top 
ten diseases.1 Currently 6% of world population is suffering 
from this metabolic disease.2 There are several long term 
oral complications of untreated diabetes due to absolute or 
relative deficiency of insulin, such as osteoporosis, 
osteopenia, xerostomia, periodontal issues, osteonecrosis 
of jaws, oral burning, oral candidosis, recurrent infections, 
and delayed wound healing.3-5  

Orthodontic tooth movement is a complex process 
involving several cytokines and biological mediators that 
bring orthodontic movements through alveolar bone 
remodeling by involvement of bone formation 
(osteogenesis) and bone resorption (osteoclastogenesis).6 
The oral complications of untreated diabetes such as 
alveolar bone loss and periodontal issues are also due to 
disturbed alveolar bone remodeling because of disturbance 
in balance between osteoclastogenesis and osteogenesis7.  

The treatment of orthodontic problems while diabetes 
mellitus can also results in several short term and long term 
complications such as root resorption, alveolar bone loss, 
periodontal issues, unexplained dental pain and sensitivity, 
and delayed skeletal development.8 These complications 
are also linked with disturbed neutrophlic function, 
abnormal collagen and protein metabolism, alveolar bone  
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remodeling because of disturbance in balance between 
osteoclastogenesis and osteogenesis9. Therefore 
prerequisite to start and finish successful orthodontic 
treatment in such patients is to control and monitor blood 
glucose levels through the treatment process10.  

With the improvement in orthodontic technology and 
facial esthetic needs, high numbers of orthodontic patients 
are seeking orthodontic treatment.11 Keeping in mind the 
fact that currently 382 million are diabetic worldwide and 
this number will be 592 million by 2035,12 means that 
increase number of diabetic patients are seeking and will 
be seeking orthodontic therapy. Studies are few and 
inconclusive on this topic.13-17  

The objective of present study was to find out and 
compare the response of alveolar bone of diabetic rats with 
healthy rats while undergoing experimental tooth 
movement. 
 

MATERIALS AND METHODS 
 

This experimental study was conducted after ethics 
approval on 40 male wistar rats of 10-12 weeks age, <120 
mg/dL blood glucose levels and 250±20 grams weight. The 
rats were divided in to 2 groups. Group A was control group 
with 20 healthy normoglcemic control rats, and group B 
was diabetic group with 20 rats having experimental 
diabetes (blood glucose level ≥250mg/dL) induced by 
injecting streptozotocin 60 mg/kg. The orthodontic 
appliance with force of 10 cN was placed after 6 weeks of 
inducing diabetes under anesthesia (ketamine 80 mg/kg 
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with xylazine 8 mg/kg), between incisor and first molar on 
the left side to initiate experimental tooth movement for 3 
weeks (Figure 1 & 2). After 3 weeks following this, rats 
were sacrificed and histology sections were seen under 
microscope to observe the alveolar bone response. The 
histology sections of mesial root of maxillary first molar root 
and associated alveolar bone were prepared to see the 
areas covered by osteoblasts, number of osteoclast, and 
total resorption areas by two histopathologists. In stained 
and prepared histology sections, osteoblasts were 
recognized by their increased basophilic cytoplasm, big 
Golgi body and off-centric nucleus. The osteoclasts were 
recognized as multinucleated cells in resorption lacunae. 
The process was performed in five sections per rat and the 
mean count was determined.    

The data was processed using SPSS version 19. The 
quantitative data of osteoclast count, areas covered by 
osteoblasts and total resorptive areas were expressed in 
form of percentages. T-test was used for comparison. 
 

RESULTS 
 

In diabetic rats total alveolar bone resorption surfaces and 
mean count of osteoclasts was significantly more while 
total areas covered by osteoblasts was significantly less as 
compared with controls (Table I; Figure 3 & 4).  
 
Figure 1: Insertion of orthodontic appliance (A= Incisor, B=First 
molar, C=NiTi open coil spring) 

 
 
Figure 2: Orthodontic tooth movement achieved between maxillary 
molars (A=Incisor, B1= First molar, B2=Second molar, D= 
Distance between molars, Max=Maxilla) 

 
 
 
 
 

Figure 3: Osteoclasts in histology section of diabteic rats 
(PDL=Periodontal ligament, AB=Alveolar bone, Arrows= 
Osteoclasts) 

 
 
Figure 4: Histological transverse section of molar root showing 
osteoclasts (AB= Alveolar bone, PDL, Periodontal ligament, 
P=Pulp, Rt= Right, Arrows= Osteoclasts) 

 
 
Table 1: Comparison of alveolar bone response 

 Control 
group (20) 

Diabetic 
group (20) 

P value 

Osteoclastic count 4.5% 16% <0.001 

Areas covered by 
osteoblasts 

30% 12% <0.001 

Total Resorption 
surfaces 

11% 31% <0.001 

 

DISCUSSION 
 

Orthodontic tooth movement is actually alveolar bone 
response on application of orthodontic tooth moving forces. 
The alveolar bone response includes osteoblastic and 
osteoclastic activity to initiate alveolar bone remodeling in 
form of bone resorption and bone deposition through 
different signaling pathways and cytokines.6 This alveolar 
bone response can get altered because of altered 
hormonal levels or systemic illness. Since diabetes is one 
of the commonest metabolic diseases nowadays,1,2 
therefore it is very important to study the response of 
alveolar bone of diabetics while undergoing experimental 
tooth movement. Following this rationale, the aim was to 
find out and compare the response of alveolar bone of 
diabetic rats with healthy rats while undergoing 
experimental tooth movement.  

In the present study the diabetes was induced by 
injecting streptozotocin 60 mg/kg. The orthodontic 
appliance with force of 10 cN was placed between incisor 
and first molar on the left side to initiate experimental tooth 
movement for 3 weeks. After 3 weeks following this, rats 
were sacrificed and histology sections were seen under 
microscope to observe the alveolar bone response. This 
methodology is similar to the previously conducted rat 
studies.13-15  
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This showed that in diabetic rats total alveolar bone 
resorption surfaces and mean count of osteoclasts was 
significantly more while mean count of osteoblasts was 
significantly less as compared with controls. The findings 
are in contrast with the findings of a another rat study,13 
which showed that in diabetic rats total alveolar bone 
resorption surfaces, mean count of osteoclasts and total 
areas covered by osteoblasts was significantly less as 
compared with controls, however, in agreement with the 
present study this study also showed decrease in 
osteogenesis in diabetic rats. The differences in the result 
can be linked with differences in amount and duration of 
orthodontic forces used and differences in doses of 
streptozotocin used for inducing diabetes. The findings of 
significant increase in total alveolar bone resorption 
surfaces and mean count of osteoclasts in diabetic rats are 
in agreement with the findings of other previous studies 
which also showed increase in alveolar bone resorption 
and osteoclastogenesis in diabetic state in rats.18-21 The 
increase alveolar bone resorption and osteoclastogenesis 
can be linked with increase in RANKL/OPG ratio, and other 
biological events.15 The differences in the result can be 
linked with the clue that in addition to diabetes, another 
factors are also involved in diabetes that influence bone 
response while orthodontic treatment.  

There are certain limitations of the present study such 
as it is an animal study with a limited sample size, lack of 
insulin treated group, and lack of blinding, however within 
the limitations of present study the results showed that 
diabetes mellitus resulted in increase in alveolar bone 
resorption and decrease in osteogenesis while undergoing 
experimental orthodontic tooth movement in rats. As we 
used animal model of diabetes that nearly matches the 
clinical scenario observes in humans with diabetes, our 
suggestions are to take proper history and written informed 
consent from all diabetic patients before initialing 
orthodontic treatment, treatment should be initiated in 
controlled state of diabetes with normal blood glucose 
levels and while orthodontic tooth movement forces should 
be kept light with activations at long intervals to avoid any 
complications.  
 

CONCLUSION  
 
Diabetes mellitus resulted in increase in alveolar bone 
resorption and decrease in osteogenesis while undergoing 
experimental orthodontic tooth movement in rats. 
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