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ABSTRACT 
 
INTRODUCTION: studies concerning healing of extraction sockets revealed that sockets were filled with new bone by as much as two thirds 

in 40 days and completely filled with new bone in 10 weeks. There have been many studies demonstrating the bone-promoting effect of 

simvastatin local application in animal models. Simvastatin was shown to increase bone volume, bone formation rate, and bone compressive 

strength. The use of statins for bone regeneration is a promising and growing area of research. 

OBJECTIVES: The aim of this study was to compare between the amounts of resorption that occurs in the healing extraction socket left to 

heal spontaneously to the amount of resorption that occurs in the healing extraction socket filled with simvastatin gel. 

MATERIALS AND METHODS: Right and left first molars were extracted from 20 rats’ mandibles’. Right side extraction sockets 

(Experimental) were filled with 2.5% simvastatin gel, while the left side sockets (Controls) were allowed to heal spontaneously. The rats were 

humanely sacrificed at 1st,2nd,3rd and 4th week postoperatively, and the specimens’ height and width were measured using a bone caliper. 

RESULTS: The mid-buccal height as well as the buccolingual width of the alveolar bone on the simvastatin-treated side was relatively higher 

and thicker than the control side indicating that less resorption had occurred on that side.  

CONCLUSIONS: The present study provided evidence that a single topical application of 2.5% simvastatin gel improve the quality of the 

new bone of the healing extraction socket and decreases bone resorption. 
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INTRODUCTION 
Statin drugs have become a mainstay in the treatment of high 

cholesterol level since the discovery in the 1970s that 

molecules produced by Penicillium citrinum, called citrinin 

and compactin (mevastatin), are potent inhibitors of an 

important enzyme in the cholesterol production pathway, 3-

hydroxy-3-methylglutaryl-CoA reductase (HMG-CoA 

reductase) (1). 

    Though the earliest HMG-CoA reductase inhibitors have 

never been marketed due to adverse effects seen in animals, 

it was not long until another naturally derived statin, 

lovastatin, was derived from Aspergillus terreus and has 

been found to have an acceptable toxicity profile. Since the 

discovery of the naturally occurring lovastatin, six 

additional statins have been introduced to the market. Two 

of these are semi-synthetic (simvastatin and pravastatin) 

and four are synthetic (fluvastatin, atorvastatin, 

rosuvastatin, and pitavastatin) (2). 

    The first experimental evidence in an animal model of the 

osteo-modulador effect of statins was reported by Mundy et 

al (3)who demonstrated that treatment with lovastatin, 

simvastatin, fluvastatin and mevastatin resulted in a 

significant increase (up to 2–3 times compared with 

controls) in the rates and bone formation markers, and that 

the effect of statins was comparable to that induced by 

treatment with bone morphogenetic protein-2 (BMP-2) and 

fibroblast growth factor, which are known stimulants of 

bone metabolism. Other studies conducted in animal 

models, replicated the effects of statins as stimulating bone 

formation (4). 

    The potential positive effect of statins on bone formation 

can be explained from three mechanisms: (a) the promotion 

of osteogenesis (b) suppression of apoptosis of osteoblasts 

and (c) inhibition of Osteoclastogenesis. The promotion of 

osteogenesis appears to be linked to mechanisms of pre-

nylation as a posttranslational modification and necessary 

for certain key proteins in some signaling cascades (5). 

    Development and formation of the skeleton (ossification) 

occur by two distinct processes: intramembraneous and 

endochondral ossification. Both intramembraneous and 

endochondral bone ossification occur in close proximity to 

vascular ingrowth. Intramembraneous ossification is 

characterized by invasion of capillaries into the 

mesenchymal zone, and the emergence and differentiation 

of mesenchymal cells into mature osteoblasts. These 

osteoblasts constitutively deposit bone matrix leading to the 

formation of bone spicules. These spicules grow and 

develop eventually fusing with other spicules to form 

trabeculae. As the trabeculae increase in size and number 

they become interconnected forming woven bone (a 

disorganized weak structure with a high proportion of 

osteocytes), which eventually is replaced by more 

organized, stronger, lamellar bone. This type of ossification 

occurs during embryonic development and is involved in 

the development parts of the mandible (6). 

    The healing of an extraction socket is a specialized 

example of healing by second intention immediately after 

the removal of the tooth from the socket, blood fills the 

extraction site. Both intrinsic and extrinsic pathways of the 

clotting cascade are activated. The resultant fibrin 

meshwork containing entrapped red blood cells seals off the 

torn blood vessels and reduces the size of the extraction 

wound (7). 



Sherif et al.  Effect of Local Simvastatin Application on Socket Healing 

Alexandria Dental Journal. (2016) Vol.41 Pages:283-286 284 

    The healing of normal extraction wounds in rats 

begins with the appearance of the epithelium on the second 

postoperative day and the end of the epithelization occurs 

on the eighth day. Formation of bone begins on the fourth 

day after the exodontia. The intense bone formation lasts 

until the twentieth postoperative day when the young bone 

fills the socket. Lamellar bone is present on 60th days after 

extraction (8, 9).       

    In most situations, an extraction induces bone resorption, 

that is always more significant on the buccal side. This 

resorption leads to a reduction in vertical height of the ridge 

and a lingual displacement of its axis (4, 5).  

    However, regardless of the surgical technique used, a loss 

of volume in the transverse and vertical direction is evident 

in the systematic review of Hammerle et al (10) which 

calculated the horizontal loss to be 3.8 mm and the alveolar 

height to be 1.24 mm six months after extraction. Thus, the 

use of drugs that might regulate the factors that stimulate 

alveolar regeneration is an interesting possibility in oral 

surgery (11). 

    Tooth extraction procedures would take advantage of a 

local application because it allows a focused effect into 

specific bone sockets. Recent studies tested the effect of the 

local application of simvastatin associated with different 

carriers, such as gelatin (12) polylatic/polyglicolic acid and 

calcium sulfate (13), and have demonstrated potential to 

increase bone formation. However, there is not a consensus 

of an ideal carrier for the drug on bone defects and further 

studies are necessary (14). 

    To test the hypothesis that the topical administration of a 

single dose of simvastatin may improve alveolar bone 

regeneration this study was done by the extraction of the 

mandibular first molar, by which a space to retain 

simvastatin-containing gel is created while preventing 

bacterial infection and epithelial down growth. Aiming to 

compare between the amounts of resorption that occurs in 

the experimental groups to that occurring in the control 

groups, the specimens’ heights and widths were measured 

at the extraction site using a bone caliper in both control and 

experimental groups. Statistical analyses were made then to 

indicate whether the different heights and widths showed 

significant or non-significant different rates of resorption.   

 

MATERIALS AND METHODS 
Sample selection 

Twenty healthy adult Wistar rats weighing 150 to 200 g 

were randomly selected to be used in this study. Animals 

were obtained from the Institute of Medical Research, 

Alexandria University and were examined by the animal 

house veterinarian to exclude any disease. 

Grouping 

The selected animals were divided into four groups each 

consisting of five rats. 

The animals were kept under proper nutritional and 

environmental condition in the animal house of Physiology 

Department Faculty of Medicine, Alexandria University   

They were housed in specially designed wire mesh bottom 

cages, five animals per cage. The animals were supplied a 

regular diet during the whole experimental period. Animal 

groups were as follows; 

Group I: (5 rats) were sacrificed after 1 week. 

Group II :( 5 rats) were sacrificed after 2 weeks. 

Group III :( 5 rats) were sacrificed after 3 weeks. 

Group IV :( 5 rats) were sacrificed after 4 weeks. 

Materials 
Simvastatin was a kind gift from Medizen pharmaceutical 

industries, chitosan high molecular weight was a kind gift 

from Amriya pharmaceutical industries and all solvents 

were of analytical grad. 

Preparation of simvastatin gel 

Chitosan is a natural biodegradable, biocompatible and 

bioadhesive polymer was prepared by adding 4g chitosan to 

100ml (1% v/v) acetic acid solution to form a gel under mild 

stirring conditions (15, 16). The obtained gel was 

refrigerated overnight to give a clear gel (16). Simvastatin 

was incorporated into the formulation by dispersion of 2.5g 

of simvastatin in 97.5g chitosan gel using a mortar and 

pestle. 

Methods 

In all animals, the extraction of the first molar was made on 

both right and left sides of the mandible. The right 

mandibular socket was filled with a dose of 0.1 ml gel 

containing 2.5% simvastatin, whereas the left site was used 

as the control and therefore, it was left to heal 

spontaneously. 

Pre-operative preparation 

All animals were anesthetized by intraperitoneal 

administration of a 4:1 solution of ketamine/xylazine at a 

dose of 0.15 ml per 100 g of body weight. 

Surgical procedure  

Teeth extractions were performed by the same operator with 

the same technique in all animals.  

Initially, the rats were placed in a dorsal position. After that, 

the surrounding gingival tissues was carefully detached 

from the lower first molars with a dental explorer and teeth 

luxation were made using a Hollenback Carver followed by 

the tooth removal with some forceps, adapted around the 

cervical line of the tooth.  

    The right mandibular socket was filled with a gel 

containing 2.5% simvastatin, whereas the left site was used 

as control and, therefore, it was left to heal spontaneously. 

In both groups, soft tissues were closed with 8-0 interrupted 

sutures. The animals were randomly divided into 4 groups; 

each one composed of 5 rats, and then humanely sacrificed 

at 1st ,2nd ,3rd and 4th weeks after surgery. 

Method of scarification: 

The animals were sacrificed by excess sulphuric ether 

inhalation. The right mandible was separated from the left 

by a median sagittal incision.  

Methods of measuring the healing extraction socket: 

A bone caliper (40mm Weiss Modified Curved Bone 

Caliper, Germany) was used to measure the buccolingual 

ridge width, which is the distance between the mid-buccal 

point and mid- lingual point around the tooth that is exactly 

under the extraction socket site, shortly after scarification. 

Mid-buccal height was also measured from a mid-point on 

the coronal surface of the extraction socket to an opposing 

point at the base of the mandible (17). 

 

STATISTICAL ANALYSIS 
The collected data were statistically analyzed, for the length 

and width of the mandible at extraction socket site of both 

control and experimental groups. All data were represented 

as mean and standard deviation (mean - S.D.). To 

investigate the morphological differences between the four 

experimental and four control groups, analysis of variance 

(ANOVA) statistical procedures were performed. All 

statistical analyses were performed using the SPSS 
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(Statistical Package for the Social Sciences, SPSS 13; SPSS, 

Chicago, IL, USA). A result was considered statistically 

significant at p < 0.05.  

 

RESULTS  
Knowing that the average height of the socket at time of 

extraction, measured in all the samples, was an average of 6 

mm and the width was an average of 5 mm as well. The 

relative height of the mandible at the extraction socket site 

of the experimental and control groups were compared 

(Table 1& Figure 1). There was no significant difference 

between the two groups at 1st, 2nd and 3rd weeks. The relative 

height of the mandible at the extraction socket site in the 

control group was significantly smaller compared to the 

height of the mandible in the experimental group at 4th 

week. 

    Socket height in the experimental group at the 1st week 

was significantly than the height at the 4th week of the same 

group, while there was no significant difference between the 

mandible heights in the control group throughout the 4 

weeks. 

 
Table 1: Comparison between the experimental and control 

groups according to height of the mandible at the extraction socket 

site 

Height 1st Week 2n<l Week 3r<l Week 4th Week F P 

Control (n = 

5) 

Min. - Max. 

Mean ± SD. 

Median 

3.50-4.50 

4.0 ± 0.50 

4.0 

3.0 - 4.50 3.90 

± 0.65 4.0 

4.0-4.75 4.40 ± 

0.38 4.50 

3.75-4.75 4.20 

± 0.51 4.0 
0.771 0.532 

P  0.815 0.282 0.477  

Experimental 

(n = 5) 

Min. - Max. 

Mean ± SD. 

Median 

3.0 - 5.0 

4.20 ± 0.91 

4.50 

4.0 - 5.0 4.45 

± 0.45 4.50 

4.0 - 5.0 4.70 ± 

0.45 5.0 

5.0-6.0 5.70 ± 

0.45 6.0 
10.921* 0.001* 

P  0.569 0.089 0.013*  

‘R. 0.678 0.158 0.286 0.001*  

F: F test (ANOVA) with repeated measures 

p: p value for F test (ANOVA) with repeated measures (LSD) for 

comparing between 1st Week and each other period in each group 

'pi: p value for Student t-test for comparing between the two 

studied groups *: Statistically significant at p < 0.05 

 

    The buccolingual width of the mandible at the extraction 

socket site of the experimental and control groups were also 

compared (Table 2 & Figure 2). There was significance 

difference between mandible width of both groups at the 1st, 

3rd & 4th weeks, whereas the control group showed greater 

bone resorption. 

    Socket width in the experimental group at the 4th week 

was significantly larger than the width at the 1st week of the 

same group. Also the socket width in the control group at 

the 4th week showed significant greater thickness than the 

socket width at the 1st week of the same group, indicating 

higher rates of resorption in the 1st week than the 4th week 

of both groups. 

    The obtained values of the height and width at the fourth 

week in the experimental groups, in relation to the normal 

height and width of the rat jaw, indicate restoring of the 

normal architecture of the tissue. 

 

DISCUSSION  
Simvastatin is a common cholesterol-lowering drug used 

for prevention and treatment of cardiovascular diseases. 

Recent studies have shown that it is also capable of 

promoting bone formation in vitro and in vivo. Since 

simvastatin undergoes extensive first-pass extraction in the 

liver after oral administration, the availability of the drug to 

the general circulation is low (<5%). This pharmacokinetic 

characteristic leads to a lower concentration of the drug in 

other tissues. Since the successful use of simvastatin to 

promote bone formation in vivo depends on a high local 

concentration, there have been continuous efforts to find an 

appropriate delivery system. The results of the present study 

suggest that simvastatin stimulates bone regeneration when 

it is locally administered into extraction socket of 

mandibular alveolar bone (1).  

 
Figure 1: Comparison   between the experimental and control 

groups according to height of the mandible at the extraction 

socket site. 

 
Table 2: Comparison   between the experimental and control 

groups according to width of the mandible at the extraction 

socket site. 

Width 1st Week 2 nd Week 3 rd Week 4th Week F P 

Control (n = 5) 

Min. - Max. 

Mean = SD. 

Median 

1.50-2.50 

2.0=0.35 

2.0 

1.75-2.75 

2.20 = 0.41 

2.0 

1.75-2.50 

2.0=0.31 

2.0 

2.75-3.75 

3.25 = 0.47 

3.0 

16.332“ <0.001“ 

P  0.405 1.000 0.002“  

Experimental 

(n = 5) 

Min. - Max. 

Mean = SD. 

Median 

2.0 - 3.0 

2.55 = 0.37 

2.50 

2.0-2.75 

2.55 = 0.33 

2.75 

2.75-4.0 

3.50 = 0.59 

3.75 

4.0-5.0 4.70 

= 0.45 5.0 
20.948“ <0.001“ 

P  1.000 0.06S 0.002“  

‘Pi 0.043’' 0.174 0.002“ 0.001“  

F: F test (ANOVA) with repeatedmeasures 

p: p value for F test (ANOVA) with repeatedmeasures (LSD) for 

comparing between 13: Week and each otherperiod in each group: 

p;p value for Student t-test for comparing bet ween the two 

studied groups *: Statistically significant at p i 0 05 

 

    It was found that orally administered simvastatin was 

processed in the liver, yielding low amounts of the drug 

available for bone. Thus, a gel (chitosan) was chosen as a 

carrier to topically deliver simvastatin into the bone 

extraction sockets created. Chitosan is an excellent natural 

polymer to consider as a material for the construction of 
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3D scaffolds for bone tissue engineering. It is 

biodegradable, biocompatible, has antibacterial, wound 

healing, and bioadhesive properties (12). 

    As the statistical analysis revealed that bone formation 

started earlier in the simvastatin-treated rats than in the 

controls, since bone width in the experimental group was 

significantly greater than that of the control group at the 1st 

week.  
 

 
Figure 2:  Comparison   between the experimental and control 

groups according to width of the mandible at the extraction socket 

site. 

     

    Additionally, the rate of both height and width resorption 

was higher in the control group than in the experimental 

group at the 4th week. 

    In this study, bone resorption was only observed in the 

control specimens, especially at the last week. The absence 

of resorptive activity in the simvastatin-treated mandibles 

was due to the inhibition of the fusion of osteoclastic cell 

precursors or disruption of the actin ring of active 

osteoclasts (18). 

 

CONCLUSIONS 
Local simvastatin administration increased alveolar crest 

height and prevented local alveolar bone loss. Thus, 

providing additional improvement of bone quantity. 

    Moreover, topical application is a convenient procedure 

in oral surgery. However, further studies regarding the 

optimal dose of the drug, different vehicles, or in 

association with scaffolds for bone growth are still 

necessary. 
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