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Introduction – It has been reported that anti-inflammatory drugs used for treatment

of pain and discomfort related to orthodontic treatment could slow down tooth

movement. However, the effect of these drugs on orthodontic root resorption is

not well understood.

Objectives – The aim of this study was to investigate whether the COX-2 inhibitor

celecoxib offers some protection against orthodontically induced root resorption.

Design – Male Wistar rats were divided into four groups: Groups I and II were

treated with saline and celecoxib (10 mg ⁄ kg), respectively for 3 days. Groups III

and IV were treated with saline and celecoxib for 14 days. The upper left first molars

of all rats were moved mesially for 14 days with 50 g of force. An area including the

disto-apical aspect of the mesial root of the first molar was processed for histological

and histochemical techniques with tartarate-resistant acid phosphatase (TRAP).

Outcome Measure – The degree of root resorption was measured using an image

analysis system with a grid-sheet superimposed in the root were resorption

lacunae were counted. The number of TRAP-positive cells on the tooth root surface

defined as odontoclasts were also evaluated.

Results – The results revealed that there were no significant differences in the

degree of root resorption and in the number of odontoclasts on the root between the

four groups studied.

Conclusion – The short and long-term celecoxib administration did not suppress

the root resorption in case of experimental orthodontic force application.
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Introduction

Root resorption is a partial loss of tooth root cementum and dentin and

is one of the most frequent iatrogenic problems in orthodontic tooth

movement (1). The cause of root resorption is considered to be

multi-factorial and the causes are basically divided into mechanical

(treatment-related) and biological (patient-related) factors or a combi-
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nation of both (2). For the mechanical factors, a

meta-analysis study showed that the total distance

the dental apex has moved and the time it takes are

correlated with the extent of an evident root resorp-

tion (2). The main biological factors for root resorp-

tion include the individual susceptibility on a genetic

basis (3), some systemic diseases (4) and anomalies in

root morphology (5). However, exact mechanisms of

root resorption have not yet been fully understood.

The cells responsible for root resorption are called

odontoclasts and these cells are considered to be

types of cells similar to the osteoclasts (6). Odonto-

clasts are attached to the tooth root and are activated

to resorb the matrix (7). Several approaches to pre-

vent root resorption during orthodontic tooth move-

ment were reported including the administration of

L-thyroxine (8), bisphosphonates (9), doxyciline (10),

echistatin, (11), and others (6, 12). However, the

effects of these drugs on root resorption are still

controversial. For example, some studies revealed that

bisphosphonates which are potent inhibitors of bone

resorption caused a significant dose-dependent inhi-

bition of root resorption in rats after force application

(9, 13, 14). On the other hand, others studies have

reported increased root resorption with bisphospho-

nate treatment (15, 16). Controversy also exists as to

the effects of corticosteroids on orthodontic root

resorption. The acute administration of high

(15 mg ⁄ kg) and therapeutic dosages (8 mg ⁄ kg) of

glucocorticoids produced an increased orthodontic

root resorption in rabbits (17) and rats (18), respec-

tively. In contrast, Ong et al. (19) reported a reduced

root resorption in rats treated with a lower dosage of

corticosteroid (1 mg ⁄ kg).

Recently, Jerome et al. (20) showed that the selec-

tive cyclo-oxygenase (COX-2) inhibitor celecoxib

(Celebrex 50 mg ⁄ kg) given to rats in their drinking

water did not interfere with tooth movement and

appeared to offer some slight protection against

orthodontic root resorption. However, the method of

administration might not be able to maintain signif-

icant plasma drug concentration and the clasts cells

responsible for root resorption were not quantified.

On this background, the present study was designed

to investigate possible effects of the controlled cel-

ecoxib administration on the number of odontoclasts

and on the degree of root resorption induced by

orthodontic tooth movement.

Materials and methods
Animals

Male Wistar rats (3.5 month old, weighing 350 g on

average) were used in this study. The rats were housed

in groups of five and maintained in a temperature-

controlled room (23 ± 1�C) with a 12 ⁄ 12 light–dark

cycle and food (ground pellets) and water was available

ad libitum. The body weight of each animal was

recorded once a week throughout the experiment. The

study was conducted in accordance with the ethical

guidelines for investigations of experimental pain in

conscious animals (21). This research was approved by

the Institutional Ethics Committee in animal experi-

mentation.

The rats were randomly divided into four groups:

Group I (n = 9) – treated with saline i.p. injections on

days 1, 2, and 3; Group II (n = 9) – treated with celec-

oxib (10 mg ⁄ kg) i.p. injections on days 1, 2, and 3.

Group III (n = 7) – treated with saline i.p. injections on

days 1 to 14; Group IV (n = 7) – treated with celecoxib

(10 mg ⁄ kg) i.p. injections on days 1 to 14. The asym-

metric distribution of the animals was because of the

fact that two rats in group III died under general

anesthesia and two rats in group IV had to be excluded

because their appliances were damaged during the

experiment.

Drug treatment

Celecoxib (Pfizer, São Paulo, Brazil) was freshly dis-

solved in saline and given i.p. twice a day in a dose of

10 mg ⁄ kg and in a volume of 1 ml ⁄ kg. The first injec-

tion was made 2 h before appliance placement to test

the pre-emptive or pre-operative use of the drug which

is the current trend in the orthodontic pain manage-

ment (22, 23). The control groups received equivolu-

metric saline injections during the same period

according to their experimental groups (Celexoxib for 3

or 14 days).

Appliance placement

The appliance design of this study follows that used

by Leiker et al. (24). Animals were first placed

under general anesthesia with xylazine (10 mg ⁄ kg) and

ketamine (50 mg ⁄ kg). A closed coil nickel–titanium

spring (Sentalloy�, GAC, NY, USA) calibrated to provide
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a force of 50 g was ligated to the upper left first molar

and connected to an orthodontic band cement onto the

incisors. Previous studies have demonstrated that a 40–

60 g level of force stimulated substantial molar tooth

movement in rats (25, 26). A nickel–titanium spring was

used to provide a relatively constant force level over the

course of the tooth movement period (14 days).

Tartrate-resistant acid phosphatase histochemistry

and evaluation of root resorption score

The left hemi-maxilla of five rats from each group was

processed for tartrate-resistant acid phosphatase

(TRAP) staining as described elsewhere (19). For each

sample, three sagittal sections (5 lm thick) were taken

at 50 lm intervals. The slides were counterstained with

Harris�s hematoxilin for 7 min. Cover slips were

mounted with Entellan before examining the slides

with a Leica Microsystems light microscope (Wetzlar,

Germany).

Counting of odontoclasts was performed in a selected

section localized disto-apically to the mesial root

(Fig. 1). The overall size of each measurement area was

1000 lm · 800 lm. The magnification used to view

the selected area was achieved with an objective of

20· magnification. Cells were considered to be odonto-

clasts if they were multinucleated, TRAP-positive, and

located on or close to root surface (Fig. 2). The estimate

of TRAP-positive cells was determined by summing the

value of the TRAP-positive cells in the three sections per

case. The mesial root was chosen because it is the

largest of the first molar�s five roots, in approximately

the same plane as the applied force and is most com-

monly evaluated in tooth movement studies (24, 27).

The root resorption scores were determined accord-

ing to the method described by Lu et al. (28) with little

modifications. Under 10· magnification, a selected

area localized disto-apically to the mesial root was

examined using an image analysis system (Leica Qwin,

Leica, Bensheim, Germany). A grid-sheet (10 · 10) was

superimposed in the selected area (1000 lm · 800 lm)

and the number of grids with or without resorption

lacunae was counted (Fig. 3). Root resorption scores

(percentage of resorption grids) were determined by

dividing the number of grids with resorption lacunae

by the total number of grids along the root surface

(Fig. 3).

To determine the random intra-individual error for

the odontoclasts counts and root resorption scores, 20

randomly chosen sections were counted again in a

blinded manner and Dahlberg�s equation was used.

A reproducibility error of less than 10% was established

and the errors for odontoclasts counts and root res-

porption scores were 0.47 and 3.1, respectively, which

were considered to be acceptable.

Fig. 1. The area under investigation (black rectangle) where tartrate-

resistant acid phosphatase-positive cells were counted and root

resorption scores were analyzed. The arrow indicates the direction of

orthodontic force applied for 14 days.

(a) (b)

Fig. 2. Tartrate-resistant acid phosphatase stained histological sec-

tions taken from the disto-apical area of mesial root of the maxillary

first molar (magnification 10 ·). (a) Details of odontoclasts cells are in

(b). B, bone; PL, periodontal ligament; R, root.

Fig. 3. Schematic illustration of the evaluation of root resorption

score. Root resorption score = number of grids containing resorption

lacunae (black circles) divided by the total number of grids along the

root surface (black squares; 100 ·).
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Statistical analysis

Body weight was analyzed by repeated measures ANOVA

and Tukey�s test. The odontoclasts number and root

resorption scores were analyzed by two-way ANOVA and

Tukey�s test. The SAS software (version 9.1, 2003; SAS

Institute Inc., Cary, NC, USA) was used and the

significance level set at p < 0.05.

Results

Except for a temporary episode of weight loss in all

animals for 1 to 2 days following appliance insertion,

there was an overall gain in body weight over weeks

(p < 0.0001). There was no statistical difference

between groups (p = 0.7632) and the interaction

between groups and weeks was also not statistically

significant (p = 0.1520; data not shown).

The number of TRAP-positive cells on the root sur-

face did not differ between drugs (p = 0.7285) neither

between times of treatment (p = 0.3721). Also, the

interaction between drugs and time points was not

statistically significant (p = 0.8348; Table 1).

The values for root resorption score was similar

between saline and celecoxib groups (p = 0.7607).

There was no significant differences between times of

treatment (p = 0.8313) and the interaction between

drugs and times was also not statistically significant

(p = 0.1485; Table 2).

Discussion

The existing literature supports the use of non-steroidal

anti-inflammatory drugs (NSAIDs) for orthodontic pain

control (29, 30) even though some of these drugs can

impair bone resorption and hence the tooth movement

(29). One approach to deal with this problem is the use

of selective COX-2 inhibitors, which are replacing

conventional NSAIDs in the clinical practice (23, 31,

32). It has previously been shown that some COX-2

inhibitors (Celecoxib and Parecoxib) do not interfere in

the rate of orthodontic tooth movement (20, 33).

However, the specificity of COX inhibitors can account

for different effects of these drugs on tooth movement

(33). One example is the Rofecoxib, a drug that can

disturb the process of tooth movement (33, 34). In

addition, this drug has been the object of debate and

even withdrawn from the market because of reports of

unwanted side effects. Celecoxib was the first COX-2

inhibitor introduced in the market and it still remains

so, whereas rofecoxib and valdecoxib were withdrawn

because of excess cardiovascular risk (35). To our

knowledge, the possibility of using selective COX-2

inhibitors to prevent root resorption was reported only

once (20). The present study was designed to evaluate

the orthodontic root resorption in rats treated with

short and long-term celecoxib administration.

The short-term treatment was chosen in this study

to simulate the administration of pre-emptive or

pre-operative analgesics to decrease post-operative

pain, which has become the focus of recent research in

orthodontics (22, 23). It is assumed that pre-emptive

analgesia will block the afferent nerve impulses before

they reach the central nervous system, abolishing the

process of central sensitization (22). Some authors also

recommended two post-operative doses, in addition to

a pre-operative dose, for a complete pain control dur-

ing each orthodontic appointment (30). As the ortho-

dontic pain usually lasts for 2–3 days (32), we have used

one pre-emptive dose followed by post-operative doses

for 2 days. The long-term treatment was chosen to

Table 1. Values (median and standard deviation) for the number

of tartrate-resistant acid phosphatase-positive cells on the root

surface in animals treated with saline or celecoxib

Drugs

Time of treatment

3 days 14 days

Saline 11.8 (7.8)*,** 15.0 (3.0) *,**

Celecoxib 11.4 (5.3) *,** 13.4 (7.8) *,**

Means followed by the same symbols (* for rows and ** for columns) do

not differ significantly (two-way ANOVA, p < 0.05).

Table 2. Values (median and standard deviation) for the root

resorption score in animals treated with saline or celecoxib

Drugs

Time of treatment

3 days 14 days

Saline 40.9 (8.68) *,** 49.6 (9.15) *,**

Celecoxib 50.1 (13.6) *,** 43.6 (12.5) *,**

Means followed by the same symbols (* for rows and ** for columns) do

not differ significantly (two-way ANOVA, p < 0.05).
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mimic a situation in patients undergoing celecoxib

treatment during all days of tooth movement which

can occur in the treatment of chronic diseases (36). The

dose of 10 mg ⁄ kg was chosen based on the literature

experience (37, 38), and the protocol of administration

(twice a day) was chosen considering the pharmaco-

dynamics of celecoxib (39). Our results showed that not

only the short-term therapy but also the long-term

therapy with celecoxib did not affect the orthodontic

root resorption, as confirmed by the absence of statis-

tical difference between the number of odontoclasts on

the root surface of the four studied groups (Table 1).

Moreover, the short- and long-term celecoxib admin-

istration was not able to alter the root resorption

scores, as observed when the medicated and control

groups were compared (Table 2).

Jerome et al. used celecoxib (Celebrex 50 mg ⁄ kg)

given to rats in their drinking water and found a sig-

nificantly lower number of root lacunaes formed as

consequence of orthodontic forces (20). However, no

information about the control of drug ingestion was

reported and direct comparison with our data is

impossible. Moreover, the dosage and time interval of

administration and methodology of root resorption

analysis were not the same. We wanted to simulate the

short and long-term use of celecoxib in the clinical

practice. Although we have previously observed that the

protocol of drug administration used in this study (with

the same dosage) was able to reduce the rate of tooth

movement in rats (40), it is well known that osteoclasts

and odontoclasts differ in their susceptibility to modu-

lation by pharmacologic agents (13–16, 18, 19). In

contrast to alveolar bone, which is rich in cells and

vessels, tooth cementum and dentin are largely matrix-

dominant tissue with no vessels. Thus, dental tissues

may not be affected by drugs and systemic factors

compared with the alveolar bone. This observation is

consistent with previously reported findings (41, 42).

Conclusions

The results of the present investigation indicated that

the short and long-term administration of celecoxib did

not reduce the odontoclasts and root resorption

induced by orthodontic force application. These results

need to be re-evaluated and confirmed under other

experimental sets. Perhaps, the use of other COX-2

inhibitors or other drugs might be effective in pro-

tecting from root resorption induced by orthodontic

treatment. Together with the evidence that celecoxib

can slow down tooth movement, the results of the

present study do not support the prescription of this

drug to orthodontic patients.
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