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ABSTRACT

Orthodontic tooth movement is the result of bone remodeling that occurs in periodontal ligament and alveolar bone tissue as a response to
mechanical loading of the tooth. The aim of this study is to investigate the time- and dose-response eftects of locally administered clodronate
on tooth movement. Sixty Wistar rats were randomly assigned to 4 groups of 15 specimens: E1 - application of 10 mMol of clodronate in 3-day
intervals; E2 - application of 2.5 mMol of clodronate in 3-day intervals; E3 - application of 10 mMol of clodronate in 7-day intervals; E4 - appli-
cation of 2.5 mMol of clodronate in 7-day intervals. A 50 pL clodronate solution was injected into a subperiosteal area to the right maxillary
incisor. The left maxillary incisor served as a control, with an injection of saline solution. In 3-day interval application regime, there was no
effect of clodronate dosing on tooth movement. In 7-day interval application regime, decreased tooth movement was observed with 10 mMol
compared with 2.5 mMol clodronate concentration. However, decreased tooth movement was also observed when 2.5 mMol of clodronate
was applied in 7-versus 3-day intervals. Conversely, no difference was observed when 10 mMol concentration was applied in 3- versus 7-day
intervals. When clodronate is applied subperiosteally in the root area, it decreases the tooth movement. Tooth movement is impeded by the
higher clodronate dosing, as well as by shorter application interval even with lower dosing. The purpose of future trials should, therefore, be to

determine a safe therapeutic dose/interval application of clodronate in humans and their potential side effects.
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INTRODUCTION loss. Anchor loss may, in turn, contribute to poor outcomes
of orthodontic treatment, or relapse in the post-treatment

Orthodontic tooth movement is the result of bone remod- ~ period. The basis of both phenomena is alveolar bone resorp-
eling that occurs in periodontal ligament and alveolar bone  tion which occurs through osteoclastic activity. Therefore,
tissue as a response to mechanical loading of the tooth [1]. The  several pharmacological agents that decrease cellular activ-
force applied on the pressure side of the periodontal ligament ity and neutralize the effect of mechanical force on tooth
alters the blood flow and results in a variety of regulatory fac- ~ movement have been proposed [2-4]. Among chemi-
tors. Finally, osteoclast- and osteoblast-like cells are activated.  ¢al agents that inhibit bone resorption, bisphosphonates
Because tooth movement is caused by osteoclastic activity,  have been successfully used in the therapy of osteoporosis.

influencing this process can be an important factor in the  However, their application in the control of orthodontic

pharmacological control of tooth movement. tooth movement is still under investigation. Many studies

The movement of anchorage teeth during orthodon- pave shown that bisphosphonates can affect bone resorption

tic treatment is not desirable and is referred to as anchor by inhibition of osteoclast recruitment and differentiation,

as well as by disruption of the osteoclast cytoskeleton and
*Corresponding author: Tomislav Lauc, Department for Anthropology, . . .
Faculty for Social Studies and Humanities, University of Zagreb, Varsavska apoptosis [5]. The effects of different types, doses, and applica-

10, HR-10000 Zagreb, Croatia. E-mail: tomislav.lauc@gmail.com tions of bisphosphonates were also investigated in relation to

Submitted: o5 October 2016/Accepted: 22 November 2016 tooth movement [6,7]. Igarashi et al. examined the effects of
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4-amino-1-hydroxybutylidene-1,1-bisphosphonate (AHBuBP)
and risedronate on the inhibition of tooth movement [6,7]. In
both local and systemic applications, AHBuBP had a greater
effect when administered subperiosteally [6]. Locally applied
risedronate did not influence the growth of experimental
animals but it did inhibit their tooth relapse [7]. Kim et al.
analyzed the effect of pamidronate and emphasized that the
single systemic application decreased the extent of initial
relapse in experimentally moved rat molars [8]. This led to the
conclusion that local application of bisphosphonate is helpful
in anchoring and retaining teeth during and after orthodontic
treatment.

The investigation of Rodrigues et al. indicates that the
main adverse event of bisphosphonates, the osteonecrosis of
the jaw, seems to be exclusively related to nitrogen-containing
bisphosphonates [9]. Clodronate is non-nitrogen containing
bisphosphonate which contains two chlorine atoms in the side
chains and possesses anti-resorptive as well as anti-inflamma-
tory effects [10]. Liu et al. confirmed that local administration
of clodronate every 3 day causes significant and dose-depen-
dent reduction in tooth movement, and inhibits root resorp-
tion related to tooth movement in rats [11]. Presently, research
evidence on the effects of bisphosphonate dosage and dosing
frequency remain scarce [5]. Therefore, the purpose of this
study was to investigate the time- and dose-response effects of

locally administered clodronate on tooth movement.
MATERIALS AND METHODS

Teaching and Science Research Council of the School
of Dental Medicine, University of Sarajevo approved the
protocol for this experiment. The study was conducted
at the Institute of Pharmacology, Toxicology and Clinical
Pharmacology, University of Sarajevo, Faculty of Medicine.
Experiments were conducted according to the Guide for the
Care and Use of Laboratory Animals, Institute for Laboratory
Animal Research, Division on Earth and Life Studies, National
Research Council, USA and Animal Research: Reporting of In
Vivo Experiments (ARRIVE) guidelines for reporting animal
research [12]. All invasive procedures have been conducted
under ether anesthesia.

Samples

For the experimental procedures, we used 60 adult
Wistar rats. All animals were 8 to 9 weeks old and in the
same developmental stage. The mean weight was 343 g
(min = 315, max = 370) in a group of 14 males and 233 g
(min = 210, max = 250) in a group of 46 females. The weight
did not change after the experiment. The animals were kept in

a vivarium (3-4 per cage) at a room temperature of T = 25°C.

24

They were exposed to a standard 12-hour cycle of light and
darkness and were given pelleted food and water ad libitum.
Throughout the study, the weight and general conditions of all
animals were evaluated.

The animals were randomly assigned to 4 groups of 15 spec-
imens: Experimental (E1) - application of 1o mMol of clodronate
in 3-day intervals; E2 - application of 2.5 mMol of clodronate in
3-day intervals; E3 - application of 10 mMol of clodronate in
7-day intervals; E4 - application of 2.5 mMol of clodronate in
7-day intervals. The impressions (Express™ STD, sM ESPE,
U.S.A.) of the upper jaw of all animals were taken with an indi-
vidual acrylic impression tray on the 1% day of the experiment.
The previous studies have used the incisors in rats as an exper-
imental model for exploring the effect of pharmaco-therapeu-
tic agents on orthodontic tooth movement [13,14]. After the
impression had been taken, an elastic band (elastic separator @
1.5 mm Dentalastics® Separators, Dentaurum, Germany) was
inserted between the incisors. To align with the vestibular and
palatal surface of the incisors, the excess of the separator was
removed with scissors. To allow for continuous movement of
the teeth, elastics were changed every 3 days.

During the research, 10 animals were excluded: Two due
to eye injuries as a result of an internal conflict; one died; and
seven lost the elastic separator during the experiment. After
the research, seven animals were excluded due to errors
during the dissection of the upper jaw. Consequently, the total
number of animals from which data was collected was 43.

At the end of the 3-week experimental period, the animals
were sacrificed by diethyl ether anesthesia.

Clodronate administration

Based on findings in previous studies [6,11,15], the short
application interval was set to 3 days. For clinical reasons,
we also investigated the effects of application in longer, 7-day
intervals.

The clodronate solution was prepared by dissolving bis-
phosphonate clodronate Bonefos (disodium clodronate
60 mg/ml, 5 ml ampoules, molecular weight 360.92, Schering
AG, Germany) in saline solution (0.9% NaCl, pH 7.4). The
“high” dose of 10 mMol of clodronate solution was prepared
by mixing one clodronate ampoule with 9o ml of saline solu-
tion in a sterile container. The “low” dose of 2.5 mMol-solution
was prepared by mixing one clodronate ampoule with 400 ml
of saline solution.

Drug administration began 3 days after the insertion of the
elastic band. The application was performed with a disposable
insulin syringe. Fifty pL of clodronate solution with a high (10
mMol) or low (2.5 mMol) concentration of clodronate was
injected into the subperiosteal area adjacent to the right max-

illary incisor. The application of clodronate was distally from
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the right incisor to eliminate the effect of clodronate on the
left incisor. The left maxillary incisor served as a control, with
an injection of 50 pL of saline solution into the correspond-
ing area. Information on study groups, clodronate dosage and
application intervals is presented in Table 1.

Measurement of tooth movement

On the last day of the experiment, the impressions were
taken and the plaster model of the upper jaw was prepared
and sent to Ortholab Laboratory (Czestochowa, Poland)
where they were scanned. Digital measurements of incisor
movements were performed using O3DM software pack-
age (Ortholab, Czestochowa, Poland) as suggested as a very
reliable and precise method for this type of research [16-18].
The maxillary incisor movements were evaluated according
to the fixed position of molars. The superimposition of mod-
els before and after tooth movement confirmed fixed molar
position.

Teeth movements were calculated by measuring the dis-
tance between incisors and molars in the treated and control
side (Figure 1), as follows:

+ Doint 1 - The middle of the distoproximal surface of inci-
sors on the right side 2 mm from the gingiva

+ Doint1' - The middle of the mesioproximal ridge of the first
molar on the right side

« Doint 2 - The middle of the distoproximal surface of inci-
sors on the left side 2 mm from the gingiva

«  Doint 2’ - The middle of the mesioproximal ridge of the first
molar on the left side.

The measured distance between points 1 and 1 and 2
and 2" was used to represent tooth movement in millimeters.
A greater space between the incisor and the molar was inter-
preted as a decreased incisor movement.

The reliability of the measurements was calculated as cor-
relations between the two measurements on 30 randomly
selected plaster models by a single investigator. The assess-
ment of the error of measurements showed that the coetti-
cients of reliability were 0.998.

Histological examination

The upper jaws were dissected and the separation of the
right and left maxilla was performed with a diamond separa-
tor (Diamantscheibe 30 mm @), Bredent, Germany). The same
region was excised in all rats, along the upper left central inci-
sor root toward the apex of the alveolar bone on the mesial
and distal sides, 3 mm above the apex towards the crown, as
per previously described method [13].

Bones with corresponding teeth were decalcified in 10% for-
mic acid and routinely processed. They were embedded in par-

affin, cut at 5 micrometers, and stained with hematoxylin-eosin

25

TABLE 1. Information on study groups, clodronate dosage, and
application intervals

Group Number of Dose of A Application
specimens  clodronate (mMol)  interval (days)
Experimental 1 (E1) 12 10 3
Experimental 2 (E2) 10 25 3
Experimental 3 (E3) 12 10 7°
Experimental 4 (E4) 9 25 7P

*Days of application: 4™, 7%, 10™, 13™, 16%, 19™: ®Days of application: 4™,
1 -Irh/ “8rh

FIGURE 1. Measurements of tooth movements. Tooth move-
ments were calculated by measuring the distance between inci-
sors (the middle of the distoproximal surface of incisors 2 mm
from the gingiva) and molars (the middle of the mesioproximal
ridge of the first molar) in the treated and control side. The mea-
sured distance between determined points on the incisor and
molars represents bilaterally tooth movement in millimeters.

(HE). For immunohistochemical (IH) staining the tissue slices
were applied onto glass slides and coated with 3-aminopro-
pyltriethoxy silane (APES, Sigma, St. Luis, MO, USA). The
slices were air-dried and stored at 4°C until being processed
for indirect immunoperoxidase staining. The tissue slices were
briefly deparaffinized in xylene and rehydrated in ethanol.
Endogenous peroxidase and nonspecific binding were blocked
by incubation in 0.3% H O in methanol and 5% non-immune
serum. The sections were incubated for 60 minutes at room
temperature with primary anti-calcitonin antibody (clone
CAL-3-Fs, dilution 1 [DAKO, Glostrup, Denmark]).

All tissue samples were analyzed using an Olympus BX50
light microscope with a 40 x 10 magnification. Osteoclasts were
counted using the method described by Carvalho-Filho et al. [14].
Each of the five histologic sections showing the alveolar bone
surface on the compression side adjacent to the entire root was
examined. The number of osteoclasts on the alveolar bone sur-
face of the pressure side was counted in each animal in four areas
of the section. Cells were considered osteoclasts if they were mul-

tinucleated and located on or close to bone surfaces (Figure 2).
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Statistical analysis

All data were subjected to Shapiro—Wilk test (p < 0.05) to
test the probability distribution of the sample. One-way anal-
ysis of variance (ANOVA) was used to test the differences in
tooth movement depending on different time and clodronate
concentration regimes.

RESULTS

Data on study groups, clodronate dosage and application
intervals are presented in Table 1.
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FIGURE 2. Osteoclasts in alveolar bone (immunohistochemistry,
anti-calcitonin antibody, clone CAL-3-F5, x400). Cells were con-
sidered osteoclasts if they were multinucleated and located on, or
close to bone surfaces.

No serious or nonserious adverse events were registered
during the investigation.

Table 2 shows the effects of short and long interval appli-
cation (3 days and 7 days) of different clodronate concentra-
tions (10 mM and 2.5 mM) on tooth movement, compared to
control side (0 mM).

In the 3-day interval clodronate application groups
(E1 and E2), there was no difference in the tooth movement
between 10 and 2.5 mMol concentrations (F = 0.748, p > 0.05).

In the 7-day interval clodronate application groups
(E3 and E4), 10 mMol clodronate bisphosphonate concen-
tration showed a greater effect on tooth movement than 2.5
mMol concentration (F = 4.592, p < 0.05; Table 3).

The duration of clodronate application interval had no
effect on tooth movement when 10 mMol clodronate bis-
phosphonate concentration was used (F = 0.677, p > 0.05).
Conversely, application of 2.5 mMol clodronate bisphospho-
nate concentration showed a greater effect on tooth move-
ment in the 3-day interval group (E2) compared to 7-day inter-
val group [E4] (F = 7.084, p < 0.05).

The obtained values are shown as percentage of the dis-
tance between incisors and molars [11]. The value of 100%
signifies equal movement on both sides, while the value less
of 100% indicates a decreased tooth movement on the experi-
mental side in relation to the control side.

Statistical analysis of osteoclast cell numbers was not pos-
sible, due to a limited number of detected osteoclast cells in

the tissue sample (max = 6; min = o).

TABLE 2. The effects of short and long interval application using 10 mMol and 2.5 mMol clodronate bisphosphonate concentrations

95% Confidence interval for mean

Intervals Dose (mM) n Mean Standard deviation Minimum Maximum ANOVA
Lower Bound Upper Bound
. - F=0.748
Short interval 10 12 97.37 274 95.63 99.11 92.26 100.81
p=0.397
2.5 10 98.25 1.82 96.95 99.56 95.50 101.08
Total 22 97.77 2.36 96.73 98.82 92.26 101.08
. . F=4.592
Long interval 10 12 98.29 271 96.566 100.012 9391 102.22
p=0.045
25 9 100.60 2.03 99.044 102.157 97.29 104.14
Total 21 99.28 2.66 98.070 100.489 9391 104.14

*Significance level<0.05; ANOVA: Analysis of variance

TABLE 3. The effects of 10 mMol and 2.5 mMol clodronate bisphosphonate concentrations in short-term and long-term application

intervals
o 95% Confidence interval for mean o )
Dose Intervals n Mean Standard deviation Minimum Maximum ANOVA
Lower bound Upper bound

10 mMol Short interval 12 97.37 274 95.63 99.11 92.26 100.81 ;igi;é
Long interval 12 98.29 271 96.57 100.01 9391 102.22
Total 24 97.83 271 96.69 98.97 92.26 102.22

2.5 mMol Short interval 10 98.25 1.82 96.95 99.56 95.50 101.08 ;fg(())f;
Long interval 9 100.60 2.03 99.04 102.16 97.29 104.14
Total 19 99.36 222 98.29 100.44 95.50 104.14

*Significance level<0.05; ANOVA: Analysis of variance
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There was no difference in the number of detected osteo-
clast cells between HE and IH staining methods.

DISCUSSION

In this study, we investigated the effects of local appli-
cation of 10 mMol and 2.5 mMol clodronate bisphospho-
nate concentrations, over 3- and 7-day intervals on tooth
movement.

The research model was adjusted so that both doses could
be tested depending on the frequency of application through-
out a period of 21 days. During the first 3 days of the procedure,
no application took place to allow for the initial tooth move-
ment and creation of osteoclasts. The results indicate that a
higher dose of clodronate results in a substantially decreased
tooth movement if applied over 7-day application inter-
vals (Table 2). This finding is in accordance with the results
reported by Liu et al. [11], suggesting a dose- and time-depen-
dent effect of clodronate on tooth movement. Previous stud-
ies have shown a similar dose-dependent reduction of tooth
movement with different bisphosphonates [6-8].

Second, we tested the time-dependent effect of clodro-
nate. It is well documented that bisphosphonates accumulate
in the body and can have a long-lasting, cumulative effect in
reducing bone turnover [19,20]. This effect can be enhanced
and extended by other types of bisphosphonates [5].

Based on the reported cumulative effects of bisphospho-
nate application, the same rate of bone resorption inhibition
would be expected if bisphosphonates were administered
more frequently in smaller doses than if they were adminis-
tered in larger doses but less frequently.

We, therefore, investigated the effects of two doses of clo-
dronate and two application intervals. The obtained results
suggest that higher clodronate doses permit a longer inter-
val between consecutive applications. The dose of 2.5 mMol
of clodronate is effective when applied every 3 days but less
effective when applied every 7 days. This indicates that bis-
phosphonate clodronate dose should be selected in accor-
dance with the type of tooth movement to be prevented,
e.g. orthodontic anchor loss or relapse, periodontal problems,
etc. When partial pharmacological control of tooth move-
ment is sufficient, a higher dose can be used in a 7-day inter-
val or lower dose in 3-day interval. To prevent possible side
effects, we recommend the dose of clodronate to be selected
according to clinical needs; hence in cases when total control
of tooth movement is in question, a higher dose in a shorter
interval can be used and when clodronate is an additional fac-
tor in tooth movement control we can decrease the dose as
well as intervals between the applications.

Despite the fact that clodronate can reduce tooth move-
mentand even reduce root resorption, there are some concerns
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regarding the use of bisphosphonate in orthodontics. It is well
known that high doses administered systematically inhibit
dentinogenesis and cementogenesis, however, the low doses
may be ineffective [21,22]. Nevertheless, if we use high doses of
bisphosphonates, the possible side-effects can be irreversible.

The second concern is so-called “bisphosphonate-related
osteonecrosis of the jaw” [23]. It has been shown that osteo-
necrosis usually occurs in adult patients who have received
intravenous as well as oral bisphosphonate treatment.
However, meta-analytic studies suggest a greater impact of
amino-bisphosphonate on osteonecrosis [23,24]. The investi-
gation of Rodrigues et al. indicate that the main adverse event
of bisphosphonates, the osteonecrosis of the jaw, is exclusively
related to nitrogen-containing bisphosphonates, at least in the
patients with prostate cancer [9]. With respect to the use of
bisphosphonates in children, there are currently no cases of
“bisphosphonate-related osteonecrosis of the jaw” during and
after orthodontic tooth movement [25].

CONCLUSION

For decreasing the tooth movement, low-risk bisphos-
phonate clodronate can be applied in the root area. Local sub-
periosteal injection of clodronate shows time- and dose-de-
pendent effect on the tooth movement. To decrease the dose
concentration, the interval between applications should be
shorter. Future studies should evaluate the safety, efficacy, and
minimum effective dose for clinical use of clodronate against

tooth movement in humans.
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