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ABSTRACT
PURPOSE: To evaluate the effect of simvastatin on relapse of tooth movement in rats using microtomography (micro CT), as well as
the correlation of bone density with the orthodontic relapse.
METHODS: Twenty-five adult male Wistar rats, divided into two groups, had stainless steel springs installed on left maxillary first
molar. The molars were moved for 18 days, and after removing the springs, were applied by oral gavage, 5mg/kg of simvastatin in the
experimental group for 20 days. Tooth relapse was assessed with a micro CT scanner, and the images chosen through the Data Viewer
software 1.5.0.0 had their measurement guides made and checked by the software Image ProR plus 5.1, and compared by MannWhitney test. After rats were sacrificed, bone mineral density was evaluated by micro CT through the software CT Analyzer 1.13 and
compared by independent T-test, as well as by Spearman correlation test.
RESULTS: Relapse and bone mineral density (BMD) was lower in the experimental group than in the control group, however without
a statistically significant difference.
CONCLUSION: Simvastatin did not inhibit the relapse of tooth movement in rats, and there was no correlation between bone density
and orthodontic relapse.
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Introduction
All orthodontic movement requires a retention phase,
which aims to stabilize the tooth elements in its new position,
allowing the periodontal tissues to remodel and settle the space
balance newly established1.
However, this balance not always occurs, and the
exacerbated remodeling of the periodontium causes the relapse,
i.e., the return of the original malocclusion, or dental crowding,
because the occlusal instability after orthodontic treatment is
common in almost all patients2.
The etiology of relapse is multifactorial, varying from
muscle disorders and harmful oral habits, changes in dental arch
form, unfavorable growth pattern, to the stretch of the transeptal
fibers3, and also has its origin due to the nature of immature
and slightly mineralized bone tissue, which surrounds the tooth
elements that were moved4.
Recently, it was found that most of the relapse occur
within the first hours after the removal of orthodontic forces5 being
crucial the process of alveolar bone remodeling in tooth movement
relapse6 and that fixed retainers are not always effective to prevent
tooth relapse7.
Some authors proposed the control of relapse through
pharmaceuticals, like the bisphosphonates8, (but its potential
risks, such as osteonecrosis, not enable it for clinical use9),
osteoprotegerin10, relaxin11 (hormones that can have another
clinical effect).
The simvastatin is a drug related to the anabolic phase6,
increasing the bone density12,13, and it was reported that simvastatin
promotes osteoblasts activity and inhibits the osteoclastic activity14.
This work aimed to test the inhibition of the relapse of
tooth movement by simvastatin in rats using a new micro CT
methodology, with better accuracy than the current methods, as
well as to correlate these findings with areas of tissue remodeling
by bone densitometry analysis. It was hypothesized that the
simvastatin inhibits the relapse of tooth movement in rats, through
inhibition of bone resorption (and the increase in bone formation)
with increase in bone mineral density, and that a correlation would
be found between bone mineral density and relapse.
Methods
Research approved by Ethics Committee of Animal Use
of the University of Brasilia (UnB-70872012).
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The sample comprised 25 adult male Wistar rats (Rattus
Norvegicus albinus), with four months of age (mean of 133
days), weighing on average 354 ± 33 grams. They were kept in
standardized conditions with water and feed ad libitum, ambient
temperature and light-dark cycle of 12 hours (06:00-18:00).
The animals were divided into two groups, 15 specimens
in the experimental group and 10 specimens in the control group.
The tooth elements to be studied were the maxillary first molars,
with the left side representing the experimental side.
Group I: comprised 10 control animals that were
sacrificed in the thirty-ninth day, with 18 days of induced tooth
movement, with the application of 0.5% carboxymethyl cellulose
(m/v) from the 19th day until the 38th day (20 days).
Group II: composed of 15 animals that were also sacrificed
in the thirty-ninth day, with 18 days of tooth movement, with the
application of a simvastatin solution with 0.5% carboxymethyl
cellulose (m/v) from the 19th day until the 38th day (20 days).
Installation of the springs
After anesthesia with ketamine (80mg/kg) and xylazine
(10mg/kg), spiral springs were installed according to the model
proposed by Heller and Nanda15, consisting of closed steel springs
of 0.006” x 0.022” with the aid of 0.14mm steel ties and 9mm
of length (Morelli-Sorocaba-Brazil), that was passed between the
interproximal space from the first and second molars, holding one
end of the spring between the left maxillary first molar and the
lateral incisor of the same side.
The other end of the spring was attached to the maxillary
incisor, through a hole between the two incisors performed with
a spherical drill, to pass the 0.25mm ligature wire (MorelliSorocaba-Brazil). In the maxillary incisors, a mesial and distal
groove were created, with an inverted conical drill (HM 1006
½ FG Meissenger-Germany), for the fitting of two ligature steel
wire of 0.25mm, which were fixed with composite resin (Filtek™
Z250 XT - 3M St. Paul, MN, USA). An initial force of 75cN was
measured by a dynamometer (Correx haag-streit Ag, Koeniz,
Switzerland). After the initial activation, the appliance has not
received any reactivation during the experimental period. The
movement occurred in mesial direction on the right maxillary
first molar and was the object of study, despising the movement
toward the palatal direction of the maxillary incisor on the same
side (Figure 1).
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FIGURE 1 - Spring installation procedure. a. The installation of the wire ligature in the space between the first and second molar of the murines. b.
Wire ligature attached to the end of the spring. c. The making of the center hole. d. Channel confection mesial and distal upper incisors. e. The view
of the channels made. f. Spring measurement with compass of drypoint for measure 6 mm in length, corresponding to 75 cN force. g. Antagonist teeth
wear. h. Etching. i. Washing and drying. j. Primer application on the upper teeth. k. Primer application on the lower teeth. l. Application of composite
resin and curing.

After installation of the springs, the animals were fed a
ground ration to ease the effect of breakage of the devices. After
18 days of special diet, the animals had the springs removed, and
had normal feeding, through conventional ration.
Stock solution of simvastatin
Simvastatin was administered by oral gavage at a 5mg/
kg dose, being the volumes administered during 20 days, the
day after the end of tooth movement. The 0.5% carboxymethyl
cellulose was used as vehicle, being administered 400μl of the
drug or the placebo, via a probe for oral gavage coupled to a 1ml
insulin syringe.
The stock solution of simvastatin was held according to
Jabbari et al.16. It was dissolved 350mg of simvastatin, in 58.3ml
of distilled water with the aid of a magnetic stirrer until complete
homogenization and solubilization.
Acquisition of images
The acquisition of images was accomplished with the aid of a
micro scanner Skyscan 1076 in vivo Bruker-micro CT, which generated
micro CT radiographic images and subsequently were selected with the
Data Viewer software version 1.5.0.0-Bruker-micro CT.

The following parameters were used for the generation of
micro CT images, which took about seven minutes for each specimen:
voltage 100 Kv, 1mm AI filter, resolution of 35μm. It was taken 3
micro CT computed outlets: first micro CT, after the installation of
the springs in the animals, which ranged from four to seven days, after
the installation of the springs, second micro CT, after 18 days of tooth
movement, third micro CT, after 20 days of prescription drugs.
Selection and quantification of micro CT images
The quantification of the tooth movement was performed
through micro CT, with the software Data Viewer version
1.5.0.0-Bruker-micro CT who selected the 75 images for subsequent
manufacture of guides and measurement of the tooth movement,
through the software Image ProR Plus 5.1-Media Cybernetics.
The selection of 75 micro CT images was accomplished through
the use of coordinates x, y, z, representing their respective spatial
plans: vertical, horizontal and transversal, which envisioned the
roots (distal) of the first molar and (mesial) of the second molar
of the murines, in the sagittal plane, what better approach of
the following parameters: sharpness of images along the entire
length of the roots, visualization of the three molars of murine in
the same plane, and absence of artifact or overlap that precludes
visualization of anatomical structures.
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The guides of measurement were performed with the
software Image ProR plus 5.1-Media Cybernetics, and consisted in
a line representing the occlusal plane, which had as its origin and
end: the mesiobuccal cusp tip of the left maxillary first molar and the
distobuccal cusp tip of the left second molar. After tracing the occlusal

plane, based on these dental elements, were drawn two perpendicular
surfacing the most convex points of the distobuccal root of the left first
molar and of the mesiobuccal root the left second molar, minimizing
the measurement errors from the tipping and extrusion movements
that occur on the first molar of the rat17 (Figure 2).

FIGURE 2 – a. The micro CT radiographic Image chosen with measurement guides. b. Schematic figure of the measuring guides.

Dental movement can be calibrated between these two
perpendiculars with the software Image ProR plus 5.1-Media

Cybernetics (Figure 3).

FIGURE 3 - Measurement of tooth movement through micro CT x-rays.

Densitometr
Bone mineral density (BMD) was performed with the CT
Analyzer software 1.13 Bruker micro CT where regions of interest
were established through the visualization of the mesial and distal root
of the left maxillary first molars. To carry out this analysis, the 109mm
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distance between the complete disappearances of the root of a microCT image to another image, was the parameter used for the delimitation
of the upper and lower limit, the region comprised by micro CT images.
The use of a circle of 60 x 60 pixels, which would
include the root and its surrounding bone structure, was used in
the entire micro CT images analyzed (Figure 4).
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FIGURE 4 - Circle of 60 x 60 pixels including the mesial (a) and distal (b) region of the left maxillary first molar of a reconstructed micro CT image.

Euthanasia of animals was performed through a gas
chamber in the vivarium of the institute of biological sciences at
the University of Brasilia-UnB, through carbon monoxide gas for
a period of 10 minutes, until the complete death of the animals.

curve.
For the evaluation of intra-examiner error, were retraced
and remeasured 75 guides with their respective measurements, 30
and 60 days after the completion of the initial measurements.
Results

Statistical analysis
A two-tailed hypothesis test was conducted with a
significance level of 5%, with the software Statistical Package for
Social Sciences-SPSS-20.
Through a univariate analysis was conducted the Shapiro
Wilk normality test, indicating that data did not follow the normal
curve, requiring the use of nonparametric tests. The nonparametric
Mann-Whitney test was used for evaluation of dental movement
and relapse between the two groups. The weight of the animals
and the bone densitometry comparison between the groups was
assessed by independent T-test, because they followed the normal

Analysis of tooth movement
It was observed that the tooth elements of the murine
gradually moved to a certain limit, after which (after the removal
of springs) tended to return to its original position (relapse).
In the statistical analysis there was no statistical
significance in the comparison between the two groups after the
initial tooth movement (initial micro CT) and also no significant
difference at the end of the 18th-day of movement (18d micro CT),
as well as in the weight of the animals (Table 1).

TABLE 1 - Characteristics between the groups.
Characteristics of the groups
Control (n=10)
Demographics
Gender M/F (%)
Weight (a)
Initial Assessment
Initial Density (mesial rot) (b)
Initial Density (distal root) (c)
Initial MicroCT (d)
a grams

Simvastatin (n=15)
p value

10/0 (100)
350 (320-381)

15/0 (100)
371 (356-385)

0.195*

0.241 (0.149-0.276)
0.246 (0.197-0.273)
0.125 (0.109-0.154)

0.221 (0.107-0.264)
0.267 (0.248-0.311)
0.154 (0.142-0.186)

0.395*
0.399*
1.000†

b,c Denisty bone mineral: avarage
(Confidence intercal 95%)

d image micro CT median
(percentis 25-75)

*Independent samples t
†Mann Whitney test

No statistically significant difference was found between
the two groups examined, regarding the final micro CT (Table 2).
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TABLE 2 - Final bone mineral density and relapse evaluated by Micro-CT of the mesial and distal root of the left maxillary
first molar.
Groups
Control (n=10)
Independent test T
Mesial root
Distal root

Simvastatin

P-value
0.455
p-value
0.724

standart deviation
0.022
standart deviation
0.148

average
-0.028
average
0.0078

standart deviation
0.027
standart deviation
0.045

average
-0.012
average
-0.0046

P-value

median

median

1.000

0.0040

standart
deviation
0.0025

standart
deviation
0.1145

Mann Whitney test

Analysis of bone densitometry
Mesial root
Bone mineral density has tended to reduce as the tooth
movement occurred, stabilizing in the control group with values

in g/cm3 lesser than the initial ones, after removal of the springs,
during the period of relapse in the simvastatin group (Figures 5 and
6), but no statistically significant difference was found between
the two groups regarding bone density (Table 2).

FIGURE 5 - Box plot Chart: final micro CT and final densitometry.
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FIGURE 6 - Bone Mineral Density (g/cm3) of control (blue) and simvastatin (red) during: beginning of movement 4 to 7 days (1), movement at 18
days (2) and beginning of application of simvastatin, and end of the movement (3) with 38 days.

Distal root
Bone mineral density has tended to increase as the tooth
movement occurred, stabilizing in the control group with values
in g/cm3 greater than the initial ones, after removal of the springs,
during the period of relapse in the simvastatin group (Figures 5 and
6), but no statistically significant difference was found between
the two groups regarding bone density (Table 2).

Bivariate correlation
No significant correlation was found between relapse
represented by the difference in final micro CT and bone mineral
density of the mesial and distal root of the left maxillary first molar
(Table 3).

TABLE 3 - Correlation between final bone density and relapse (Micro-CT).
Groups
Spearman Correlation
Distalroot P-Value
Spearman correlation
Mesialroot P-Value

Final Density bone
0.404
Final Density bone
0.281

Discussion
The drug simvastatin is a drug related to the treatment
of hypercholesterolemia and hyperlipidemia18, acting as a
competitive inhibitor of 3-hydroxy-3-methylglutaryl-coenzyme A
reductase (HMG-Co-a), limiting the enzyme rate responsible for
the cholesterol synthesis.
In the last decade, emphasis was given on the effect
of the drug on bone tissue being observed: expression of bone
morphogenetic protein (BMP-2), when their local administration
in bone tissue19, in vitro bone inductive effect20, stimulating
mineralization and differentiation of mesenchymal cells into new
cells responsible for bone neoformation21.
The application of simvastatin was performed avoiding
high doses are out of normal prescription22, and 10mg/kg a day in

Fina Micro CT
0.404
Final Micro CT
0.281

rats is a high dose that would correspond in pharmacokinetic terms,
to 70mg/kg a day in humans, and these high doses of simvastatin
increase the risk of liver failure, kidney diseases, rhabdomyolysis
and myalgia23. So it was adopted the oral dose of 5mg/kg a day in
rats, equivalent to 20 to 40 mg daily dose normally used in humans.
In the present study, simvastatin did not interfere on
relapse of tooth movement, with no statistically significant
values, contrary to others works6,24, what may be due to greater
effectiveness of the intravenous administration used for their
researches. However, the risk of crusts or scabs in surrounding
skin, due to local daily drug injections25, in a long period, facilitated
the adoption of the mouth as the most suitable for a study during
this time of observation.
Actually, there are works that attest that the simvastatin
is not well absorbed, and less than 5% of the drug is in the
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bloodstream, after application by oral via14. However, it is wellargued that osteoblasts and osteoclasts may be well exposed to low
concentrations orally14.
In addition, the assessment method used by other
6,24
researches , is more prone to failure, considering that the various
stages of the transfer process, than a direct analysis on tomographic
images in real scale. And photo editing programs do not have
sufficient accuracy, because they are not especially manufactured
for accurate measurements in appropriate scale, compared to the
sophistication of image processing software, whose analysis tool
provides advanced measurement of microscopic and radiographic
images, without the need of using the macro. On the other hand,
a digital caliper that using directly in the mouth of animals,
between the incisors and the first molars24, limits the accuracy and
precision of the measurements, including the extrusion and tipping
of the molars due to the induced tooth movement17, besides the
continuous incisors eruption, typical to the rodent animals26.
Despite the stimulus to mineralization and differentiation,

with any change in the rate of bone mineral density14,27. Osteoblasts
would be preferentially stimulated, with the maintenance or
increase in bone mineral density27.
And this discrepancy in the response of bone remodeling
to the doses of simvastatin, could be explained by the difference
in sensitivity between the cells responsible for the formation
and destruction of the bone tissue, with greater sensitivity by
osteoclasts to the simvastatin27, which would present a different
effect of prenylation, found by the study of the drug in vitro28.
This also occurs with bisphosphonates, which also
inhibit the prenylation, but whose effects on osteoclastic cells
are dependent on the drug dosage. The EB-1053 inhibits the
osteoclastic function in normal doses, but in low dosage increases
osteoclastic function29. This could explain the decrease in bone
mineral density to simvastatin in the specimens studied.
Interesting, that as the reduction in bone mineral density
was not significant between the groups, the rate of resorption also
did not present accelerated, with increase in catabolic turnover,

responsible for bone neoformation17, there is no evidence of increased
bone density around the mesial and distal root, proving bone
neoformation17, after the removal of the orthodontic device and use
of simvastatin by oral gavage, instead, there was a decrease in bone
mineral density after the induced tooth movement and drug institution.
Simvastatin inhibits the subproducts of the mevalonate,
specifically the isoprenoids farnesyl diphosphate and geranilgeranil
diphosphate that have ligating affinity for the terminal carbons
of the small ligating proteins called GTP, forming the so-called
prenylated cytosolic proteins.
An example of these prenylated proteins are the Rac and
Rho, which are essential in the activation of cell polarization and
motility, including macrophages and osteoclasts27.
The bisphosphonates also inhibit prenylation, inhibiting
osteoclastic function and bone resorption, and ponder that the
simvastatin would have similar effect28, but so would an increase
in BMD after application of the drug, taking into account the effect
of the drug on catabolic strand of the bone tissue.
However, another research found that at low doses
(1,0mg/kg to 5,0mg/kg), simvastatin exhibits effect of reduction
of BMD in rats, with decrease in bone formation and increase in
bone reabsorption27.
Actually, the results of the present study confirm the
findings of Maritz et al.27 and Park14, that found decrease in bone
deposition and increase in bone resorption with decrease of BMD,
with the use of low doses of simvastatin14,27 (1.0mg/kg to 5mg/kg).
According to these authors, only with high doses of
simvastatin (20mg/kg) there will be an increase in bone formation,

to the point of increase relapse of induced tooth movement in
the simvastatin group, statistically proven by analysis of microCT, and by the lack of correlation between the relapse and bone
density.
Theoretically, there will only be inhibition of relapse
of induced tooth movement, with a decrease in the rate of bone
mineral resorption, resulting from inhibition of osteoclasts and
osteoblasts stimulation, resulting in an increase of BMD and bone
formation, which in fact did not occur in the present research.
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Conclusions
Simvastatin did not inhibit relapse of induced tooth
movement, and there has been a decrease in BMD in the mesial
and distal root of the left maxillary first molars, after the drug
administration, which was not statistically significant between the
two groups.
There was no correlation between the bone density of
the mesial and distal root of the left maxillary first molar that was
moved and its relapse.
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