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The use of different analgesics in orthodontic tooth movements

Shaza M. Hammada; Yousry M. El-Hawaryb; Amira K. El-Hawaryc

ABSTRACT
Objective: To provide a semi-quantitative assessment of the effect of different analgesics
(celecoxib, ketorolac, and paracetamol) on tooth movement and bone resorption using
immunohistochemical staining of matrix metalloproteinase-13 (MMP-13).
Materials and Methods: Forty white male rats (12-weeks old; body weight: 230–250 g) were
divided into four groups (10 rats each) and were given the treatment once a day for 2 consecutive
months. Group A (control group) rats were given the reverse osmosis water; group B rats were
given 10 mg/kg celecoxib; group C rats were given 3 mg/kg ketorolac; and group D rats were given
150 mg/kg paracetamol. A precalibrated closed Sentalloy coil spring was placed inside each rat
mouth to deliver a constant force of 50 cN. The magnitude of tooth movement was measured
intraorally. After 2 months, the rats were sacrificed, and the sections were mounted on L-
polylysine–coated glass slides. Slides from each specimen were stained with hematoxylin and
eosin, and others were stained with MMP-13. Data were analyzed with the one-way analysis of
variance (ANOVA).
Results: Celecoxib, ketorolac, and paracetamol groups showed tooth movement of 1.81 6

0.43 mm, 1.13 6 0.28 mm, and 1.08 6 0.27 mm, respectively. The mean number of MMP-13–
positive osteoclasts was highest in celecoxib-treated group followed by the control group and was
decreased in the ketorolac and paracetamol groups. Comparing all groups to the control revealed
significant differences (P , .05).
Conclusion: Administration of celecoxib did not reduce bone resorption or interfere with tooth
movement in rats compared to other analgesics tested (ketorolac and paracetamol). (Angle
Orthod. 2012;82:820–826.)
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INTRODUCTION

Orthodontic movements occur by the application of
continued and controlled mechanical forces on the
tooth, resulting in areas of pressure and tension in the
periodontal ligament. The sort of bone remodelling
that promotes tooth movement is the result of cellular
stress and occasionally inflammation involving clast

cells, namely osteoblasts, osteocytes, cementoblasts,
and fibroblasts. Mediators such as various cytokines,
growth factors, and arachidonic acid products (prosta-
glandins and leukotrienes) participate in the inflamma-
tion process during bone remodelling.1,2

Prostaglandins (PGs), lipid mediators derived from
arachidonic acid (AA), play central roles in the
pathogenesis of inflammation, fever, and pain. PGs
are generated by the oxygenation of AA to the
unstable intermediate prostaglandin H2 (PGH2) by
prostaglandin H synthetase (PGHS), of which there
are two major isoforms: the constitutive PGHS-1 and
the (generally) inducible PGHS-2. These enzymes are
also commonly referred to as cyclo-oxygenase (COX)-
1 and COX-2, respectively, in reference to the specific
enzymatic active site that catalyzes AA oxygenation
and provides the target for the majority of pharmaco-
logic inhibitors of these enzymes.3

Pain and discomfort are frequent undesirable side
effects of orthodontic treatment. It begins a few hours
after the application of an orthodontic force and lasts for
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approximately 5 days.4 Nonsteroidal anti-inflammatory
drugs (NSAIDs) are the most common medications
taken worldwide for the treatment of pain, inflammation,
and fever.5 Although chemically disparate, they produce
their therapeutic effects by the common ability to inhibit
the activity of COX enzymes.6 The use of preoperative
analgesics provides blockage of afferent nerve impuls-
es before they reach the central nervous system.
Celecoxib and ketorolac are NSAIDs. They inhibit the
synthesis of prostaglandin as ketorolac inhibits the
enzyme COX, and celecoxib inhibits selective COX-2.7

Paracetamol is part of a class of drugs known as
‘‘aniline analgesics.’’4 It is classified as an NSAID by
some sources8,9; however, others do not consider it an
NSAID.9,10 The main mechanism proposed is consid-
ered to be the inhibition of COX, and recent findings
suggest that it is highly selective for COX-2.10 It was
thought that it blocked a third isoform, COX-3, which is
expressed only in the brain and the spinal cord. As a
consequence, paracetamol has minimal effects on
prostaglandin synthesis.11

Matrix metalloproteinases (MMPs) play a key role in
the remodelling of the extracellular matrix. Experimen-
tal orthodontic tooth movement in animals, mostly rats,
shows an increased expression of MMP-1, -2, -8, -9,
and -13 and tissue inhibitor matrix metalloproteinase
(TIMP)-1 and -3 in the periodontal ligament (PDL) and
alveolar bone.12–14 MMP-2, MMP-8, and sometimes
MMP-1 were reported to increase in the gingival
crevicular fluid collected from orthodontic patients.15

Also, mRNA of MMP-13 levels has been detected both
on the tension and compression sides in rodents, and
MMP-13 gene expression seems to be time-depen-
dent and differentially regulated.13

Reporting on the effect of drugs administered during
induced tooth movement is still lacking standardized
methodology in many aspects. Results reported are
controversial and inconsistent leading to misinterpre-
tation. The purpose of the present study is to provide a
semi-quantitative assessment of the effect of different
analgesics (celecoxib, ketorolac, and paracetamol) on
tooth movement and bone resorption using immuno-
histochemical staining of MMP-13.

MATERIALS AND METHODS

Forty white male rats (12 weeks old; body weight:
230–250 g) were used in this study. The study was
conducted under approval from the Animal Welfare
Committee of Mansoura University. All animals were
housed individually in plastic cages in a colony room
inside the Medical Experimental Research Centre and
fed standard pellet diet and water ad libitum. Phar-
maceutical dosage forms containing the drugs were
purchased from a local pharmacy and prepared by

direct dissolution in reverse osmosis water. The rats
were divided into four groups (10 rats each); in the
three experimental groups, analgesics were given
once a day for 2 consecutive months via a gastric tube:

Group A (control group) rats were given the
reverse osmosis water;
Group B rats were given 10 mg/kg celecoxib;
Group C rats were given 3 mg/kg ketorolac;
and
Group D rats were given 150 mg/kg paracetamol.

A precalibrated closed Sentalloy (GAC International,
Bohemia, NY) coil spring was placed inside each rat
mouth to deliver a constant force of 50 cN. The springs
were tied to the upper left first molar by a steel ligature
around the collum and fixed to the two upper incisors
with a double-figure-eight-shaped ligature. An undercut
on the maxillary incisors was created by a diamond bur
to intensively ensure better stability of the ligature
(Figure 1). No-mix orthodontic adhesive, Relay-a-Bond
(Reliance Orthodontic Inc, Itasca, Ill) was applied on the
end of the ligature to prevent irritation. The magnitude of
tooth movement was determined by measuring the
relative separation between the first and second
maxillary molar using vernier calipers with sharpened
tips inserted into occlusal pits. The distance between
the mesial occlusal pits on the first and second molars
was measured intraorally before appliance insertion
and immediately after sacrifice. Measurements were
performed by the same operator and were repeated five
times for each rat.16 The positioning of the appliance
was performed under general anesthesia produced by
an intramuscular injection of a mixture of 30 mg/kg body
weight of ketamine (Ketavet, Farmaceutici Gellini,
Aprilia Lt, Italy), 0.75 mg/kg of acepromazine (Pre-
quillan, Fatro, Bologna, Italy), and 4 mg/kg of xylazine
(Rompun, Bayer, Leverkusen, Germany).17

At the end of the experiments, the rats were sacrificed
by an overdose of CO2 and decapitated; the heads were
dried. Each upper jaw was placed in 10% neutral
formalin for 24 hours and then rinsed with water

Figure 1. Intraoral picture of the appliance.
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because of high calcium content; the tissue specimens
were decalcified in 10% ethylene diaminetetra-acetic
acid, pH 7.2, for 6–8 weeks. The decalcified tissue
specimens were dehydrated through ascending con-
centrations of ethanol. Subsequently, the specimens
were processed for embedding in paraffin wax following
routine protocol. The sections were mounted on L-
polylysine–coated glass slides. Slides from each
specimen were stained with hematoxylin and eosin,
and others stained with MMP-13. Tooth-tissue sections
were dewaxed and rehydrated in graded ethanol series
to double-distilled water. Slides were subjected to
antigen retrieval by microwave heating in 10 mM citrate
buffer pH 6 at 90uC for 20 minutes. To inhibit
endogenous peroxidase activity, they were incubated
with 3% H2O2 in methanol for 15 minutes, and then
rinsed for 20 minutes with phosphate-buffered saline
(PBS), pH 7.4. Slides were incubated with mouse
monoclonal anti-MMP-13 (Ab-1, clone VIIIA2, Neomar-
kers, Lab Vision, Fremont, Calif) at a 1:20 working
dilution in PBS, overnight at 4uC. Subsequent proce-
dures were performed at room temperature. We used a
highly sensitive detection kit, Envision (DakoCytoma-
tion code K4061, Carpinteria, Calif), with diamino-
benzidine as a chromogen. Thorough washes were
performed using PBS; then sections were counter-
stained with hematoxylin, mounted in aqueous mount-
ing medium, and examined by light microscopy (Zeiss,
Munich, Germany). Positive controls of breast carcino-
ma tissue sections were used. Negative controls were
treated as described above except for the incubation
with the primary antibody, PBS was used alone
instead.15

Five random images from each cut section (stained
with MMP-13) were captured using 203 and 403

magnification with a digital camera mounted on a light
microscopy and monitored on a 17-inch computer
screen using an imaging software program (Soft
Imaging System, Munster, Germany). Counting of
osteoclasts on the alveolar bone surface at the
pressure side was performed at 203 magnification
by three independent observers. Osteoclasts were
identified as MMP-13–positive cells with more than
three nuclei lying on the bone surface. The mean
number of cells from the five captured images from

each specimen was calculated and intraoperator error
determined following repeated blind measure-
ments.18,19 Data were analyzed with the statistical
software SPSS, version 11.0J (SPSS Japan, Tokyo,
Japan), with the one-way analysis of variance (AN-
OVA) and post hoc test. All values are expressed as
mean 6 standard deviation.

RESULTS

Orthodontic Tooth Movement

Mesial tooth displacement in the control animals was
1.78 6 0.43 mm. The rats treated with celecoxib,
ketorolac, and paracetamol showed tooth movement
of 1.81 6 0.43 mm, 1.13 6 0.28 mm, and 1.08 6

0.27 mm, respectively. The differences were statisti-
cally significant (P , .001) (Table 1).

Histologic Examination by Hematoxylin and
Eosin Stain

Tooth movement was associated with areas of
compression and tension. In the experimental sec-
tions, the periodontal ligament fibers were disoriented
and osteoclasts appeared in the compression side.
The celecoxib group showed a higher number of
osteoclasts when compared to other groups, followed
by the control group, and the ketorolac, and paracet-
amol groups (Figure 2A through D).

Immuonohistochemical Examination

On the compression side, the extracellular matrix of the
PDL, osteoclasts and PDL cells showed positive
immunoreactions of MMP-13. Some osteocytes scat-
tered in the alveolar bone adjacent to resorbing surfaces
were also immunoreactive to MMP-13 antibody. The
mean number of MMP-13 positive osteoclasts was
highest in the celecoxib group followed by the control
group and was decreased in the ketorolac and paracet-
amol groups. There was mild positive immunoreaction for
MMP-13 in the celecoxib group, a strong reaction in the
control group, and a weak reaction in the ketorolac and
paracetamol groups (Figure 3a through d) (Figure 4).

DISCUSSION

Orthodontic tooth movement requires extensive
remodelling of the periodontium. Remodelling is
thought to be initiated in the PDL.20 MMPs play a key
role in remodelling of the extracellular matrix.21

Most previous studies have examined the expression
of different types of MMPs at the mRNA level. But,
Leonardi et al.14 reported the immunohistochemical
localization of MMP-13 within the PDL during exper-
imental tooth movement.

Table 1. The Mean 6 Standard Deviation of Orthodontic Tooth

Movement Among the Studied Groups Compared to Control*

Groups Mean 6 SD** F P Value

Control 1.78 6 0.43a 12.02 ,.001

Celecoxib 1.81 6 0.43a

Ketorolac 1.13 6 0.28b

Paracetamol 1.08 6 0.27c

* ANOVA and post hoc.

** Groups with different letters are significantly different (P , .001).

822 HAMMAD, EL-HAWARY, EL-HAWARY

Angle Orthodontist, Vol 82, No 5, 2012



Figure 3. Photomicrographs of the alveolar bone at compression side show: strong positive immunoreactions for MMP-13 in the control group (a)

(diaminobenzidine 4003), mild reaction in the celecoxib (b) group, while weak reaction in both the ketorolac (c) and paracetamol (d) groups

(diaminobenzidine 2003).

Figure 2. Photomicrographs of the alveolar bone at compression side show: the numbers of osteoclasts in their Howship’s lacunae are more in

control (A) and celecoxib (B) groups compared to ketorolac (C) and paracetamol (D) groups (hematoxylin and eosin 4003).
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As orthodontic tooth movement is considered to
involve an inflammation process, many studies re-
garding the effect of anti-inflammatory drugs on tooth
movement and bone resorption have been reported.
However, controversy still exists.22 In this study, we
used immunohistochemical staining of MMP-13 to
provide a semi-quantitative assessment of the effect
of celecoxib, ketorolac, and paracetamol on bone
resorption.

We found that an indirect proof of the inhibition of
PGs was the reduced mesial movement of teeth in rats
treated with ketorolac and paracetamol compared with
teeth in control rats. On the other hand, when no
significant difference was observed between the
control group and the celecoxib group, the theory that
celecoxib does not inhibit peripheral secretion of PGs
is supported.23,24

Moreover, paracetamol and ketorolac showed a
smaller number of osteoclasts and less intense
expression of MMP-13. This may be explained by
inhibiting the secretion of prostaglandins, thereby
reducing orthodontic tooth movement. On the contrary,
celecoxib did not seem to affect the number of
osteoclasts; however, the intensity of MMP-13 expres-
sion was milder compared to the control group. It was
hypothesized that cyclooxygenase inhibitors with
differences in COX-1/COX-2 selectivity ratio could
affect, in a different manner, the movement of teeth
during application of force. This is compatible with the
idea that factors depending on synthesis via COX-1 are
involved in the bone remodeling process during
orthodontic tooth movement.24,25

In concordance with our results, Jerome et al.23 and
De Carlos et al.24 found that celecoxib did not interfere
with tooth movement. Also, Sandy and Harris25 found
that the NSAID inhibited the appearance of osteo-

clasts, but had no significant effect on tooth move-
ment. Our results are also in agreement with Leonardi
et al.14 who showed an increased expression of MMP-
1, -2, -8, -9, and -13 in the PDL and alveolar bone
during experimental orthodontic tooth movement in
rats. Also, Bildt et al.21 reported an increased expres-
sion of MMPs at the resorption side as well as the
apposition side. In this study, the intensity of MMP-13
expression was milder in the three groups compared
to the control group. This may be due to inhibition of
cyclo-oxygenase enzyme. Larkins et al.26 found that
the expression and activation of MMPs may be directly
proportional to the overexpression of COX-2 in breast
cancer cells. Also, they confirmed that the biosynthesis
of prostaglandin E2 (PGE2) requires three sequential
enzymatic reactions: phospholipase A2, COX-1 or
COX-2, and PGE2 synthesis.

So, our results confirmed that administration of
celecoxib to rats did not result in the reduction of the
extent of root resorption. However, other studies on
rats should be interpreted with caution as no human
trials on immunohistochemical localization of MMP-13
have been reported so far. Moreover, despite research
findings, there is no standard of care for analgesic use
in the pain management of orthodontic patients.27–29

Apparently, the prescription of analgesics after activa-
tion of the orthodontic appliance poses a paradox:
analgesics suppress the patient’s pain and discomfort,
but on the other hand, they reduce the effectiveness of
cellular stress and inflammation during bone resorption
and induced tooth movement.30 Bone resorption
induced by tooth movement is not mediated solely by
prostaglandins but by a pool of mediators such as
leukotrienes, cyclic adenosine monophosphate, colla-
genase, and many others that are generated by forces
applied to periodontal tissues.31,32

Figure 4. Means of osteoclast cell number in all groups.
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When prescribing an analgesic to relieve the patient’s
pain after activation of orthodontic appliances, the
orthodontist should take into account the patient’s
history of drugs side effects and the possibility of
hypersensitivity. Medications might have an important
influence on the rate of tooth movement, and informa-
tion on their consumption is essential to adequately
discuss treatment planning with patients. We recom-
mend that such an inquiry should be part of every
orthodontic diagnosis. Furthermore, there is a need for
further well-designed studies to evaluate the effects of
various medications on orthodontic tooth movement.

CONCLUSION

N Administration of celecoxib did not reduce bone
resorption or interfere with tooth movement in rats
compared with other analgesics (ketorolac and
paracetamol) tested in this study.
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