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ABSTRACT:
Introduction: Orthodontic relapse is a 

physiological response of the supporting tis-
sues to force application threatening the suc-
cess of orthodontic therapy.  The objective of 
this study was to evaluate the influence of 
local application of simvastatin on the mag-
nitude of orthodontic relapse. Methods: Or-
thodontic tooth movement was induced in 10 
white New Zealand rabbits. After 21 days of 
active tooth movement, orthodontic appliances 
were removed and the experimental teeth were 
allowed to relapse for further 21 days. Dur-
ing the relapse phase, one mandibular quad-
rant received local simvastatin administration 
while the corresponding mandibular quadrant 
received control vehicle solution on a week-
ly basis. Magnitudes of experimental tooth 
movement and post-orthodontic relapse were 
calculated. Results: The mean relapse magni-
tude was 1.31±0.53mm in the quadrant receiv-
ing control vehicle solution and 1.14±0.47mm 
in the quadrant receiving simvastatin adminis-
tration. Neither the relapse magnitude nor the 
relapse percentage showed a significant differ-
ence between the two quadrants. Conclusion: 
Local simvastatin administration could not 
minimize

post-orthodontic relapse magnitude to a signif-
icant level.

INTRODUCTION
Relapse is a physiological response 

of the supporting tissues to force application 
and has been a major challenging clinical
issue with respect to the goals of successful
orthodontic treatment.1,2 The classic
approaches to orthodontic retention
primarily involve the use of fixed or
removable retainers whose caveats include
the reliance on patient compliance and the long 
duration of retention required to ensure stability.3 

Various systemically and locally
administrated agents have been reported to reduce 
the amount of relapse in animal models, including 
bisphosphonate,4 osteoprotegerin,5  relaxin,6  and 
bone morphogenetic proteins.,7 Although the 
mechanisms of action are different, relapse is 
decreased by modification of the remodeling 
process of the dental supporting tissues. These 
findings prompted the possibility of safe
pharmacotherapeutic strategies designed to
manipulate alveolar bone remodeling to minimize
post-orthodontic relapse.

A hypolipidemic agent, simvastatin, has 
recently been expected to serve as a therapeutic 
agent for osteoporosis. These drugs, known as 
statins, represent a new approach for treating 
osteoporosis, one which emphasizes building 
new bone to replace bone that has already
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deteriorate8 Out of 30,000 natural compounds, 
Mundy and his colleagues9 identified statins as the 
only natural product that specifically increased 
bone morphogenetic protein-2 (BMP-2) gene 
expression in osteoblasts and increased levels of 
bone formation proteins in these cells. There was 
also a striking increase in osteoblast cell numbers 
after statin application since BMP-2 is one of 
the most potent growth factors targeting bone 
formation in vivo, which stimulates osteoblastic 
differentiation and proliferation.10

Inhibition of the 3-hydroxy-3-methyl-
glutaryl-coenzyme-A reductase enzyme and the 
subsequent blockage of the mevalonate pathway 
is probably the most important mechanism of
inhibition of bone resorption by simvastatin. 11 

Yazawa et al 12 showed that relatively low
concentrations of simvastatin promoted cell
proliferation and osteoblastic differentiation. 
Lee et al 13 observed increased bone formation 
and higher maximum force to fracture after local 
application of statins into rat mandibles. Ozec et 
al 14  revealed that local application of simvastatin 
significantly increased density of bony defects 
in rat mandibles.

Statins, including simvastatin, showed
biologically significant anti-oxidant,15 

anti-inflammatory16  and anabolic effects on
osteoblastic bone formation which could prove 
beneficial in the field of orthodontics. Han and 
his colleagues 17 revealed that the systemic
administration of simvastatin could minimize 
post-orthodontic relapse through inhibition of 
the bone-resorbing activity of osteoclasts as well 
as stimulating bone formation. Moreover, the
impressive long-term safety profile of simvastatin 
renders it a suitable agent for use in orthodontic 
therapy.18

This study used an experimental rabbit 
model to explore the effect of local administration 

of simvastatin on post-orthodontic relapse. It was 
hypothesized that the osteoinductive effects of 
simvastatin on the dental supporting tissues as 
well as the inhibition of alveolar bone resorption 
might minimize post-orthodontic relapse. The 
null hypothesis was that the local administration 
of simvastatin had no effect on post-orthodontic 
relapse.

Material and Methods
The present study was conducted in

accordance with ARRIVE guidelines19 for
conducting animal studies. The study was
conducted after the approval of the Ethics
Committee, Faculty of Dentistry, Alexandria
University.

Calculation of the required sample size 
was performed using the formula for studies 
comparing paired continuous data 20. Based on 
the results of a previous study yielding a standard 
deviation of 0.548mm,21 it was determined that 
a conservative sample size of  9 rabbits would 
be sufficient to detect an effect size of 0.7mm 
difference in a split-mouth deign at a study power 
of 90% and a significance level of 0.05.  However, 
allowing for 10% expected attrition; 22 sample 
size was corrected to a total of 10 rabbits.

Ten 16-week-old healthy male white New 
Zealand (Oryctolagus Cuniculus) rabbits were 
included in the study. The included rabbits had 
a body weight between 2kg and 3kg with normal 
development of dentition and the presence of 
mandibular incisors, premolars and molars. All 
experimental procedures were performed under 
general anesthesia by intramuscular injection of 
Ketamine (Ketamine Alfasan 10%, Alfasan Group 
of Companies, Woerden, The Netherlands) and 
Xylazine (Xyla-ject Injectable Solution, ADWA 
CO. S.A.E, 10th of Ramadan City, Egypt).
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Rabbits were kept under standardized

conditions of light and dark schedule at the 
animal house of Alexandria Medical Research
Institute. Animals had free access to a soft standard
nutritional diet to minimize the incidence of
appliance breakage.  

A prospective randomized split-mouth
experimental trial was implemented in each
rabbit. The appliance used to promote tooth
movement was similar to the model described 
by Pithon and Ruellas. All rabbits received an 
orthodontic appliance consisting of a 13mm
nickel titanium closed coil spring (Nickel
Titanium  Closed Coil Springs, 13mm, Light, 
Jiscop Co. LTD, Gunpo-si, Gyeonggi-do, 
Korea) stretched between the mandibular first 
premolars and mandibular incisors bilaterally. The
activation force of the spring was measured with 
a force gauge (Correx Gauge, Haag-Streit, Koeniz 
Switzerland) such that the spring could provide 
a force of 80cN. A ligature wire was used to 
encircle the mandibular second premolar, first 
molar and second molar and tied in an attempt 
to stabilize them in position and minimize the 
influence of interseptal fibers.  The appliance was 
left in place for 21 days to achieve appreciable 
tooth movement.

Figure 1. Lateral view of experimental
orthodontic appliance in situ.

At the end of the active tooth movement, 
orthodontic appliances were removed and the 
experimental teeth were allowed to relapse for 
further 21 days.  Each mandibular quadrant was 

randomly assigned to one of the experimental 
groups; control group (A) where teeth were
allowed to relapse with the local injection of
control vehicle solution on days 21, 28 and 35 
and simvastatin group (B) where teeth were 
allowed to relapse with the local injection of
simvastatin solution on days 21, 28 and 35. The
assignment of each mandibular quadrant to one of the
experimental groups was performed using a
computer generated list of random numbers. The 
individual generating the randomization list was 
blinded to the treatment groups.

Simvastatin powder (Simvastatin PHR1438, 
Sigma-Aldrich Co., St. Louis, MO, USA) was
prepared at a concentration of 0.5mg/180µl
solution. Pluronic F-127 (Pluronic F127,
Sigma-Aldrich Co., St. Louis, MO, USA) acted as 
the carrier for the simvastatin in group B. Pluronic 
control vehicle solution without simvastatin was 
administrated in group A.

Intraligamentous injection was performed 
using an intraligamentous injector (Saniject, 
Saniswiss Sa Co., Genève, Switzerland) into 
the distal periodontal space of mandibular first 
premolar delivering 180µl of solution. The
solutions were injected by an operator blinded 
to the contents of the syringes.

Impressions of experimental teeth were 
performed  on the 21st and 42th day using
injection type silicone vinyl polysiloxane
impression material (3M ESPE Express Vinyl 
Polysiloxane Impression Material-Fast set, 3M 
ESPE Dental Products, St. Paul, MO, USA) 
loaded into previously fabricated custom trays. 
The impressions were then poured using an 
improved die stone (Elite Rock Dental Stone, 
Zhermack S.P.A, Badia Polesine, Rovigo,
Italy). Magnitudes of tooth movement and post-
orthodontic relapse as well as relapse percentage 
were calculated on casts of the experimental 
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teeth using incremental thickness gauges (OEM 
Feeler Gauge 25345, OEM Company, Mineola, 
NY, USA).
Reliability of Measurements of Tooth Movement and 
Relapse

Measurements were performed in a blinded
fashion by a single investigator.The
intra- examiner errors for tooth movement
measurements were assessed by repeating the 
measurements of 30 randomly selected 3D
models, 2 weeks apart by the same
investigator. Intraclass correlation coefficient was
calculated to assess intra-rater reliability.  Bland 
Altman analysis was conducted to quantify the 
level of the agreement between the two repeated
measurements.
Data Management and Statistical Analysis

Statistical Package for Social Sciences 
Software (IBM SPSS Statistics for Windows, 
Version 23, IBM Corp., Armonk, NY, USA) 
was used for conducting statistical analysis.

Kolmogorov-Smirnov and Shapiro-Wilk 
tests were conducted to assess the normality
assumption. Once verified, Paired Samples t-Test 
was conducted to compare mean values between
different groups.

Results
Three experimental rabbits failed to survive 
and were excluded from the study. Since the
percentage of attrition was higher than the
es t imated  percentage ,  two rabbi t s
fulfilling the eligibility criteria were procured 
and the same experimental procedures were 
performed to satisfy the required sample size 
of 9 rabbits per group. The rest of the animals 
tolerated the experimental procedures well, 
with no discernible effects on overall health.
Tooth Movement and Relapse

Mean values and standard deviations
calculated for the magnitudes of tooth movement 
and post-orthodontic relapse as well as relapse 
percentage in groups A and B are summarized 
in Table I. 

Table I. Magnitudes of tooth movement and relapse, and percentage of relapse in control group A 
and simvastatin group B.

a Data presented in mm (Mean ± SD)
b Data presented as percentage of corresponding tooth movement (Mean ± SD)

In group A, the magnitude of tooth
movement was 1.72±0.54mm, while the
magnitude of post-orthodontic relapse was 
1.31±0.53mm yielding a relapse percentage of 
76.16±19.18% of the achieved tooth movement. 

In group B, the magnitude of tooth movement 
was 1.63±0.64mm, while the magnitude of
post-orthodontic relapse was 1.14±0.47mm
yielding a relapse percentage of 69.93±27.31% 
of the achieved tooth movement.
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Results of Kolmogorov-Smirnov and
Shapiro-Wilk normality tests for magnitudes of 
tooth movement and post-orthodontic relapse 
as well as relapse percentage confirmed the
assumption of normality. 

Results of paired samples t-test revealed 
the absence of a significant difference between 
magnitudes of tooth movement achieved in groups 
A and B (P=0.738).

Comparing the relapse magnitudes between 
the 2 groups, results of paired samples t-test
revealed no significant difference between
magnitudes of post-orthodontic relapse in groups 
A and B (P=0.458).  Similarly, no significant 
difference was reported in the percentage of 
post-orthodontic relapse between groups A and 
B (P=0.562).
Reliability of Measurements of Tooth Movement and 
Relapse

The estimated intra-class correlation
coefficient for the repeated measurements of tooth 
movement was 0.91 revealing a strong evidence 
for the reliability of the performed measurements. 
Bland-Altman analysis was performed with a 
resulting coefficient of repeatability of 0.04mm 
showing high level of agreement for most of the 
measurements excluding the presence of  fixed 
or systematic bias.

Discussion
An animal model was selected to test 

the hypothesis of the present study. Rats and
rabbits are considered the ideal animals to obtain 
a clear picture of bony changes under stress.24

Furthermore, rabbits have sufficient periodontal 
width for the intraligamentous injection required 
for the present study.25 The processes involved 
in bone remodeling in humans and rodents 
could be considered almost similar due to the
s imilar i ty  of  the  morphology and
function of cells involved in bone remodeling.
In comparison to other species, such as primates 

and some rodents, the rabbit model has faster 
bone turnover.26 Though Mundy et al9 reported 
on a quick BMP-2 response to statins within 3-5 
days in vivo and in vitro, beneficial effects of 
statins on fracture healing were extended to 5-14 
days of local statin exposure to the fracture site,27

suggesting that statins cause a delayed
onset of endogenous BMP-2 production.28

Thus, extending the experimental tooth movement 
phase in the present study to 21 days allowed 
a sufficient considerable time for the effect of
simvastatin on the periodontium.This 
period of active tooth movement was 
in accordance with previous studies
evaluating tooth movements in rabbits.29 ,30

The local simvastatin dosage in 
the present study was selected based on
previous animal studies recommending a 
dose of 0.1-0.5mg of simvastatin as the
optimal local dose for stimulating maximum
bone regeneration without inducing local
inflammation.31

Pluronic F127 exhibits the unique
property of reversible thermal gelation by
transforming from low viscosity solutions at a
temperature ≤ 10°C to clear semi-solid gels at normal
physiological body temperature; above its
transitional temperature (21°C). Moreover, the 
drug release from such a gel occurs over a period 
of up to one week.32 These properties rendered
Pluronic F127 an attractive vehicle for controlled 
release. 
Tooth Movement and Relapse

Results of measurements of tooth
movement in both groups A and B revealed 
no significant difference in the magnitude of 
tooth movement achieved at the end of the
experimental tooth movement phase. This
finding was expected due to the use of the 
same experimental orthodontic appliance with
nearly the same force magnitude within the same
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study settings. In both groups A and B, the
experimental teeth showed post-orthodontic
relapse towards their original positions after the 
removal of the orthodontic appliance. Despite 
the relapse magnitude and percentage in group 
B being less than those reported for group A, the 
differences were not statistically significant. This 
post-orthodontic relapse was expected because in 
this initial period upon appliance removal, the tooth 
undergoes a rebound shift within the tooth socket.33

On the other hand, results of post-
orthodontic relapse in the present study agree 
with the findings reported by Vieira et al 34

demonstrating that the systemic administration 
of simvastatin did not inhibit relapse of induced 
tooth movement in rats. However, this contradicts 
the results of Han et al 17 showing a reduction in 
the relapse distances after systemic administration 
of simvastatin.

Though the percentage of post-
orthodontic relapse in the experimental
q u a d r a n t s  r e c e i v i n g  s i m v a s t a t i n
administration was reduced, the reduction
was not statistically significant compared to
the corresponding quadrants receiving control 
vehicle solutions.

Though the causal mechanisms of
or thodont ic  re lapse  remain  re la t ive ly
unclear, it would seem to be a complex
multifactorial process with the difficulty
of stressing a single causative factor. Despite the 
fact that remodeling of the periodontal ligament 
and surrounding alveolar bone is an important 
element in the relapse process,35 ,36 other
potential factors may include normalization of 
the periodontal vasculature following orthodontic 
force,37 increase in elasticity of the gingiva that 
is being retracted and compressed in the
direction of the tooth movement,38 and
stretching of transseptal fibers.33,39  This reflected 
the clinical observation of the evident relapse 
in both groups A and B in the present study, in
which the experimentally moved teeth had

relapsed back towards their original
positions. Possibly, relapse energy stored 
in the collagenous periodontal  and
transseptal fiber systems was gradually
released once the orthodontic appliance was
removed, resulting in significant post-orthodontic 
relapse.40 

Conclusion
Local simvastatin administration could not
minimize post-orthodontic relapse magnitude to 
a significant level.
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