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ABSTRACT
Objective: To test the hypothesis that short- and long-term celecoxib administration has no effect
on orthodontic tooth movement.
Materials and Methods: Male Wistar rats were submitted to short- (3 days) and long-term (14
days) celecoxib administration, while the respective control groups received equivolumetric saline
intraperitoneal injections. The upper left first molars of all rats were moved mesially for 14 days
by a fixed orthodontic appliance exerting 50 g force upon insertion. After the experimental period,
tooth movement was quantified and tissues around the first molar were processed for tartrate-
resistant acid phosphatase (TRAP) histochemistry. The amount of tooth movement and the num-
ber of TRAP-positive cells on the alveolar bone surface were evaluated.
Results: The amount of tooth movement was significantly reduced in rats submitted to short- and
long-term celecoxib administration, while the number of osteoclasts on the alveolar bone did not
differ between the four groups studied.
Conclusions: The hypothesis is rejected. Although celecoxib administration did not affect the
number of osteoclasts, the osteoclast activity might be reduced, which could explain the inhibition
of tooth movement observed in the celecoxib-treated animals. These results indicate that ortho-
dontists should be aware of patients under short- and long-term therapy with celecoxib.
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INTRODUCTION

Patients undergoing orthodontic treatment usually
experience some degree of pain or discomfort.1 Sur-
veys performed to determine the experience of ortho-
dontic pain have rated it as a key deterrent to ortho-
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dontic therapy and a major reason for discontinuing
treatment.2–5

The most common group of medications used in or-
thodontics for pain relief consists of nonsteroidal anti-
inflammatory drugs (NSAIDs).6–8 These drugs function
by inhibition of the enzyme cyclooxygenase (COX),
which modulates the transformation of prostaglandins
(PGs) from arachidonic acid in the cellular plasma
membrane.9 PGs, such as PGE1 and PGE2, are im-
portant mediators of bone resorption.10,11 Two isoforms
of COX have been described: the constitutive COX-1
and the inducible COX-2. The COX-1 is considered
important in tissue homeostasis and the COX-2 is tran-
scriptionally induced by cytokines and appears to be
important in the development of inflammation.12 Nu-
merous studies evaluated the pain-reducing effects of
various NSAIDs, including ibuprofen,13 acetylsalicylic
acid,14 and naproxen sodium.15 These studies dem-
onstrated that NSAIDs effectively reduce pain and dis-
comfort caused by the periodic activation of orthodon-
tic appliances, but these drugs may also affect the se-
quence of tooth movement by inhibiting or at least by
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reducing the associated inflammatory and bone re-
sorptive processes.

One approach to deal with this problem is the use
of selective COX-2 inhibitors, also named coxibs,
which are replacing conventional NSAIDs, especially
for chronic inflammatory conditions.16,17 It has previ-
ously been shown that some coxibs (celecoxib11,18 and
parecoxib11) do not interfere in the rate of orthodontic
tooth movement. However, the specificity of coxib can
account for different effects of these drugs on tooth
movement.11 One example is rofecoxib, a drug that
can disturb the process of tooth movement.11,19 In ad-
dition, this drug has been the object of debate and was
even withdrawn from the market due to reports of un-
wanted cardiovascular and renal side effects.20 Con-
sidering that COX-2 is upregulated when orthodontic
forces are applied,11 it is possible that coxibs would
interfere in tooth movement.

It is important to point out that the preemptive or
preoperative administration of analgesics, in order to
decrease postoperative pain, has become the focus of
recent research in orthodontics.15,21,22 Some authors
also recommended two postoperative doses, in addi-
tion to a preoperative dose, for complete pain control
during each orthodontic appointment.15 It was sug-
gested that low doses administered for 1 or 2 days in
the initial stages will not affect the tooth movement
process as such.8 However, this hypothesis was not
substantiated by controlled experimental studies.

On this background, the present study was de-
signed to investigate possible effects of short- and
long-term celecoxib administration on tooth movement
induced by experimental orthodontic force application.

MATERIALS AND METHODS

Male Wistar rats (300–400 g) 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; food (ground pel-
lets) and water were 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 investi-
gations of experimental pain in conscious animals.23

This research was approved by the institutional animal
experimentation ethics committee.

The rats were randomly divided into four groups:
group I (n � 9)—treated with saline intraperitoneal (IP)
injections on days 1, 2, and 3; group II (n � 9)—treat-
ed with celecoxib (10 mg/kg) IP injections on days 1,
2, and 3; group III (n � 7)—treated with saline IP in-
jections on days 1 to 14; and group IV (n � 7)—treated
with celecoxib (10 mg/kg) IP injections on days 1 to
14.

Celecoxib (Pfizer, São Paulo, SP, Brazil) was fresh-
ly dissolved in saline and given by IP injection twice a
day in a dose of 10 mg/kg and in a volume of 1 mL/
kg. The first injection was made 2 hours before appli-
ance placement, in order to test the preoperative use
of the drug. The control groups received equivolumet-
ric saline injections during the same period according
to their experimental groups (celexoxib for 3 or 14
days).

The appliance design of this study follows that used
by Leiker et al.24 Animals were first placed under gen-
eral anesthesia with xylazine (10 mg/kg) and ketamine
(50 mg/kg). A closed coil nickel-titanium spring (Sen-
talloy, GAC, Ctr Islip, NY) calibrated to provide a force
of 50 g was ligated to the maxillary first molar and
connected to an orthodontic band cemented onto the
incisors (Figure 1a). Previous studies have demon-
strated that a 40–60 g level of force stimulated sub-
stantial molar tooth movement in rats.25–27 A nickel–
titanium spring was used to provide a relatively con-
stant force level over the course of the experiment.
After 14 days of tooth movement, the rats of all groups
were decapitated and maxillae were excised.

The distance between the mesial surface of the first
and the distal surface of the third molar was measured
bilaterally with an electronic caliper for high accuracy
(Digimatic-Mitutoyo, Telford, UK) under a dental op-
erating microscope (DF Vasconcellos SA, São Paulo,
SP, Brazil) at 16� magnification, improving the reli-
ability of the method. Tooth movement was estimated
by subtracting the mean of the repeated measured
values from the untreated and treated sides (Figure
1b) as described by Hong et al.28 The error of the
method based on double measurements performed on
20 randomly selected animals was estimated by using
Dahlberg’s equation (S � , where n � num-2�� d /2n
ber of paired measurements and d � deviations be-
tween the two measurements29). The error in mea-
surement was 0.02 mm and was thus considered to
be of no further importance.

The left hemimaxillae of five rats from each group
were processed for tartrate-resistant acid phosphatase
(TRAP) staining as described elsewhere.30 For each
sample three sagittal sections (5 �m thick) were taken
at 50 �m intervals. The slides were counterstained
with Harris’s hematoxylin for 7 minutes. Cover slips
were mounted with Entellan before examining the
slides with a Leica Microsystems light microscope
(Wetzlar, Germany).

In each section the osteoclasts were counted at the
alveolar bone surface (compression side) adjacent to
the entire mesial root. Cells were considered osteo-
clasts if they were multinucleated, TRAP positive, and
located on or close to bone surfaces. The estimate of
TRAP positive cells was determined by summing the
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Figure 1. (a) Appliance used to move the molars mesially (arrows).
(b) Indication of measurement procedure. The distance between the
mesial side of the first molar (1M) and the distal side of the third
molar (3M) was measured, and that of the treated side (X) subtract-
ed from the one of the untreated side (Y).

Table 2. Values (Median and Standard Deviation) for the Amount
of Tooth Movement (mm) in Animals Treated with Saline or Cele-
coxiba

Drugs Time of Treatment

Saline 0.33 (0.12) Aa 0.28 (0.05) Ba
Celecoxib 0.23 (0.07) Ab 0.15 (0.06) Bb

a Distinct letters (capital letters for rows and small letters for col-
umns) indicate statistical difference (two-way ANOVA and Tukey
test, P � .05).

Table 1. Values (Median and Standard Deviation) for Body Weight (g) in the Four Groups Before the Experiment Began, After 1 Week, and
at the End of the Experimenta

Group n Before After 1 Week After 2 Weeks

I – saline for 3 days 9 357.7 (30.6) Ca 363.3 (31.7) Ba 378.4 (33.7) Aa
II – celecoxib for 3 days 9 360.5 (27.4) Ca 371.8 (27.2) Ba 376.2 (25.5) Aa
III – saline for 14 days 7 359.5 (32.8) Ca 359.7 (32.6) Ba 366.2 (33.8) Aa
IV – celecoxib for 14 days 7 369.1 (20.8) Ca 380.5 (16.8) Ba 383.0 (30.0) Aa

a Distinct letters (capital letters for rows and small letters for columns) indicate statistical difference (repeated measures ANOVA and Tukey
test, P � .05).

value of the TRAP positive cells in the three sections
per case. The mesial root was chosen because it is
the largest of the five first molar roots, is in approxi-
mately the same plane as the applied force, and is
most commonly evaluated in tooth movement stud-
ies.24,31

Cell counting was performed manually in a blinded
manner, and a reproducibility error of less than 10%
was established by recounting 20 randomly selected
images. These counts were then compared with the
original counts by using Dahlberg’s equation. The er-
ror for TRAP variable was 0.64 and was thus consid-
ered acceptable.

Body weight was analyzed by repeated measures
analysis of variance (ANOVA) and Tukey test. The
amount of tooth movement and the number of osteo-
clasts were analyzed by two-way ANOVA and Tukey
test. The SAS software (version 9.1, 2003; SAS Insti-
tute Inc, Cary, NC) was used and the significance level
set at P � .05.

RESULTS

There was an overall gain in body weight over the
two weeks of the experiment (Table 1; P � .0001).
There was no statistical difference between groups (P
� .7632), and the interaction between groups and
weeks was not statistically significant (P � .1520).

The amount of tooth movement was significantly
lower in the celecoxib-treated animals than in the con-
trol animals (Table 2; P � .0009). The difference be-
tween times of treatment was also significant (P �
.0430). The interaction between drugs and time was
not statistically significant (P � .6025).

The number of TRAP positive cells on the alveolar
bone surface did not differ between drugs (P � .1230;
Table 3), neither between times of treatment (P �
.4014). Furthermore, the interaction between drugs
and times was not statistically significant (P � .3812).

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access



863EFFECTS OF CELECOXIB ON ORTHODONTIC TOOTH MOVEMENT

Angle Orthodontist, Vol 78, No 5, 2008

Table 3. Values (Median and Standard Deviation) for the Number
of Tartrate-Resistant Acid Phosphatase (TRAP)-Positive Cells on Al-
veolar Bone Surface in Animals Treated with Saline or Celecoxiba

Drugs

Time of Treatment

3 Days 14 Days

Saline 28.8 (15.3) Aa 29.0 (13.0) Aa
Celecoxib 25.0 (10.8) Aa 15.8 (4.7) Aa

a Distinct letters (capital letters for rows and small letters for col-
umns) indicate statistical difference (Two-way ANOVA, P � .05).

DISCUSSION

There have been reports on the effectiveness of
NSAIDs in relieving the pain induced by orthodontic
force activation.13–15 However, some of these drugs
can interfere with tooth movement.14 As a result, the
use of selective COX-2 inhibitors is increasing, replac-
ing conventional NSAIDs in clinical practice,6–8,22 al-
though the specificity of coxibs can account for differ-
ent effects of these drugs on tooth movement.11

In the present study, the amount of tooth movement
and the associated bone resorption process were
evaluated in rats submitted to short- and long-term ce-
lecoxib administration. Celecoxib was chosen in this
study because this drug is the most common alterna-
tive to rofecoxib.32 The short-term treatment was cho-
sen in this study to mimic the preemptive or preoper-
ative administration of analgesics to decrease post-
operative pain, which has become the focus of recent
research in orthodontics.15,21,22 Some authors also rec-
ommended two postoperative doses, in addition to a
preoperative dose, for a complete pain control during
each orthodontic appointment.15 Since the orthodontic
pain will usually last for 2–3 days,33 we used one pre-
emptive dose followed by postoperative doses for 2
days. The long-term treatment was chosen to mimic a
situation in patients undergoing celecoxib treatment
during all days of tooth movement, which can occur in
the treatment of chronic diseases. The dose of 10 mg/
kg was chosen based on the literature experience,34,35

and the protocol of administration (twice a day) was
chosen considering the pharmacodynamics of cele-
coxib.36 Our results showed that both the short- and
long-term therapy with celecoxib significantly reduced
the amount of tooth movement (Table 2).

Previous studies have shown that celecoxib did not
interfere with tooth movement in rats.11,18 Recently, de
Carlos et al11 showed that celecoxib and parecoxib,
but not rofecoxib, are appropriate for discomfort and
pain relief while avoiding interference during orthodon-
tic tooth movement. In addition, Jerome et al18 showed
that celecoxib (Celebrex 50 mg/kg) given to rats in
their drinking water did not affect tooth movement and
appeared to offer some slight protection against root
resorption. Our results did not confirm these findings.

The present study showed that both short- and long-
term celecoxib administration were able to reduce sig-
nificantly the amount of orthodontic tooth movement.
The differences between the results of these studies
could be due to the dosage, time interval of adminis-
tration, and methodology of tooth movement analysis,
which were not the same. The study of de Carlos et
al11 used local injections (in the maxillary gingiva, close
to the first molar) on the day of appliance placement
and after 3 and 5 days. Jerome et al18 used celecoxib

given to rats in their drinking water, which made it dif-
ficult to control drug ingestion. Since preoperative ad-
ministration of analgesics for controlling orthodontic
pain is increasing,15,21,22 we wanted to mimic this situ-
ation, by administering celecoxib 2 hours before ap-
pliance placement, followed by 2 more days of medi-
cation, as suggested by clinical research.15

It is known that when an orthodontic force activates
the microenvironment of periodontal tissue, several
key proinflammatory cytokines are rapidly produced to
trigger a cascade of cellular events involved in the
tooth displacement.37 Therefore, the use of preopera-
tive analgesics, followed by 2 days of medication, can
both reduce orthodontic pain15,21,22 and the associated
inflammatory and tooth movement processes, as ob-
served in the animals treated with the short-term ther-
apy (Table 2). Moreover, long-term celecoxib admin-
istration, which is commonly used to treat many dif-
ferent diseases,16,17 can also reduce the rate of tooth
movement, and this reduction was more evident than
that observed in the short-term therapy (Table 2).

According to our knowledge, this study is the first to
examine the effects of preoperative doses and the
long-term use of coxibs on orthodontic tooth move-
ment. The lack of statistical significance for the num-
ber of osteoclasts on the alveolar bone surface was
unexpected. Although the celecoxib-treated animals
showed a reduction in osteoclasts when compared
with saline-treated animals (Table 3), these differenc-
es were not statistically significant. This does not ex-
clude the possibility that celecoxib administration may
affect the osteoclast activity induced by orthodontic
appliance. Some studies demonstrate that the size of
the osteoclasts and activity of the proton pump is also
related to the ability of the individual osteoclast to re-
sorb bone.38,39 Thus, the trend toward a reduction in
the number of osteoclasts observed in the present
study indicates that our results need to be reevaluated
and confirmed under other experimental sets, includ-
ing the evaluation of osteoclastogenesis, cell fusion,
acidification, and resorptive activity. Sari et al40

showed that rofecoxib administration did not signifi-
cantly affect PGE2 levels. However, our study used
celecoxib, and the drug could affect other factors, such
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as interleukin-1 and -6, which are both related to bone
resorption and tooth movement.37

The significant difference in amount of tooth move-
ment between animals treated with saline for 3 and 14
days (Table 2) was unexpected. One possible expla-
nation could be the stress system response evoked by
two injections/day during the 14 days of treatment. Ka-
lia et al41 showed that the administration of glucocor-
ticoids can reduce bone turnover induced by ortho-
dontic forces. Perhaps the endogenous glucocorti-
coids secreted by the rats submitted to repeated in-
jections might be enough to interfere in the tooth
movement.

CONCLUSIONS

• Orthodontists should be aware of patients under
short- and long-term therapy with celecoxib, since
this drug can slow down the rate of orthodontic tooth
movement.

• Perhaps the use of other drugs or other administra-
tion protocols might be effective for discomfort and
pain relief while avoiding interference during tooth
movement.
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daçáo de Amparo Á Pesquisa do estado de São Paulo (FA-
PESP), Brazil.

REFERENCES

1. Ngan P, Wilson S, Shanfeld J, Amini H. The effect of ibu-
profen on the level of discomfort in patients undergoing or-
thodontic treatment. Am J Orthod Dentofacial Orthop. 1994;
106:88–95.

2. Haynes S. Discontinuation of orthodontic treatment relative
to patient age. J Dent. 1974;2:138–142.

3. Oliver RG, Knapman YM. Attitudes to orthodontic treatment.
Br J Orthod. 1985;12:179–188.

4. Brown DF, Moerenhout RG. The pain experience and psy-
chological adjustments to orthodontic treatment of preado-
lescents, adolescents and adults. Am J Orthod Dentofacial
Orthop. 1991;100:349–356.

5. Kluemper GT, Hiser DG, Rayens MK, Jay MJ. Efficacy of a
wax containing benzocaine in the relief of oral mucosal pain
caused by orthodontic appliances. Am J Orthod Dentofacial
Orthop. 2002;122:359–365.

6. Krishnan V, Davidovitch Z. The effect of drugs on orthodon-
tic tooth movement. Orthod Craniofac Res. 2006;9:163–
171.

7. Gameiro GH, Pereira-Neto JS, Magnani MB, Nouer DF. The
influence of drugs and systemic factors on orthodontic tooth
movement. J Clin Orthod. 2007;41:73–78.

8. Krishnan V. Orthodontic pain: from causes to manage-
ment—a review. Eur J Orthod. 2007;29:170–179.

9. Leone S, Ottani A, Bertolini A. Dual acting anti-inflammatory
drugs. Curr Top Med Chem. 2007;7:265–275.

10. Yamaguchi M, Shimizu N, Goseki T, Shibata Y, Takiguchi
H, Iwasawa T, Abiko Y. Effect of different magnitudes of
tension force on prostaglandin E2 production by human
periodontal ligament cells. Arch Oral Biol. 1994;39:877–884.

11. de Carlos F, Cobo J, Perillan C, Garcia MA, Arguelles J,
Vijande M, Costales M. Orthodontic tooth movement after
different coxib therapies. Eur J Orthod. 2007 Sep 18; [Epub
ahead of print]

12. Smith WL, Dewitt DL. Prostaglandin endoperoxide H syn-
thases-1 and -2. Adv Immunol. 1996;62:167–215.

13. Steen Law SL, Southard KA, Law AS, Logan HL, Jakobsen
JR. An evaluation of preoperative ibuprofen for treatment of
pain associated with orthodontic separator placement. Am
J Orthod Dentofacial Orthop. 2000;118:629–635.

14. Arias OR, Marquez-Orozco MC. Aspirin, acetaminophen,
and ibuprofen: their effects on orthodontic tooth movement.
Am J Orthod Dentofacial Orthop. 2006;130:364–370.

15. Polat O, Karaman AI, Durmus E. Effects of preoperative
ibuprofen and naproxen sodium on orthodontic pain. Angle
Orthod. 2005;75:791–796.

16. Loewen PS. Review of the selective COX-2 inhibitors ce-
lecoxib and rofecoxib: focus on clinical aspects. CJEM.
2002;4:268–275.

17. Rattray B, Nugent DJ, Young G. Celecoxib in the treatment
of haemophilic synovitis, target joints, and pain in adults and
children with haemophilia. Haemophilia. 2006;12:514–517.

18. Jerome J, Brunson T, Takeoka G, Foster C, Moon HB, Gra-
geda E, Zeichner-David M. Celebrex offers a small protec-
tion from root resorption associated with orthodontic move-
ment. J Calif Dent Assoc. 2005;33:951–959.

19. de Carlos F, Cobo J, Diaz-Esnal B, Arguelles J, Vijande M,
Costales M. Orthodontic tooth movement after inhibition of
cyclooxygenase-2. Am J Orthod Dentofacial Orthop. 2006;
129:402–406.

20. Rofecoxib—Precautions. Available at http://www.nlm.nih.gov/
medl inep lus /drug in fo /medmaster /a699046.h tml#
precautions. Accessed August 14, 2006.

21. Bernhardt MK, Southard KA, Batterson KD, Logan HL, Bak-
er KA, Jakobsen JR. The effect of preemptive and/or post-
operative ibuprofen therapy for orthodontic pain. Am J Or-
thod Dentofacial Orthop. 2001;120:20–27.

22. Young AN, Taylor RW, Taylor SE, Linnebur SA, Buschang
PH. Evaluation of preemptive valdecoxib therapy on initial
archwire placement discomfort in adults. Angle Orthod.
2006;76:251–259.

23. Zimmermann M. Ethical guidelines for investigations of ex-
perimental pain in conscious animals. Pain. 1983;16:109–
110.

24. Leiker BJ, Nanda RS, Currier GF, Howes RI, Sinha PK. The
effects of exogenous prostaglandins on orthodontic tooth
movement in rats. Am J Orthod Dentofacial Orthop. 1995;
108:380–388.

25. Bridges T, King GJ, Mohammed A. The effect of age on
tooth movement and mineral density in the alveolar tissues
of the rat. Am J Orthod Dentofacial Orthop. 1988;93:245–
250.

26. King GJ, Keeling SD, McCoy EA, Ward TH. Measuring den-
tal drift and orthodontic tooth movement in response to var-
ious initial forces in adult rats. Am J Orthod Dentofacial Or-
thop. 1991;99:456–465.

27. Rody WJJ, King GJ, Gu G. Osteoclast recruitment to sites
of compression in orthodontic tooth movement. Am J Or-
thod Dentofacial Orthop. 2001;120:477–489.

28. Hong RK, Yamane A, Kuwahara Y, Chiba M. The effect of

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access



865EFFECTS OF CELECOXIB ON ORTHODONTIC TOOTH MOVEMENT

Angle Orthodontist, Vol 78, No 5, 2008

orthodontic retention on the mechanical properties of the
periodontal ligament in the rat maxillary first molar. J Dent
Res. 1992;71:1350–1354.

29. Dahlberg G. Standard error and medicine. Acta Genet Stat
Med. 1949–1950;1:313–321.

30. Ong CK, Walsh LJ, Harbrow D, Taverne AA, Symons AL.
Orthodontic tooth movement in the prednisolone-treated rat.
Angle Orthod. 2000;70:118–125.

31. Dunn MD, Park CH, Kostenuik PJ, Kapila S, Giannobile
WV. Local delivery of osteoprotegerin inhibits mechanically
mediated bone modeling in orthodontic tooth movement.
Bone. 2007;41:446–455.

32. Graham DJ, Campen D, Hui R, Spence M, Cheetham C,
Levy G, Shoor S, Ray WA. Risk of acute myocardial infarc-
tion and sudden cardiac death in patients treated with cyclo-
oxygenase 2 selective and non-selective non-steroidal anti-
inflammatory drugs: nested case-control study. Lancet.
2005;365:475–481.

33. Jones M, Chan C. The pain and discomfort experienced
during orthodontic treatment: a randomized controlled clin-
ical trial of two aligning archwires. Am J Orthod Dentofacial
Orthop. 1992;102:373–381.

34. Fabricio AS, Veiga FH, Cristofoletti R, Navarra P, Souza
GE. The effects of selective and nonselective cyclooxygen-
ase inhibitors on enothelin-1-induced fever in rats. Am J
Physiol Regul Integr Comp Physiol. 2005;288:R671–R677.

35. Mizuno M, Sotoyama H, Narita E, Kawamura H, Namba H,

Zheng Y, Eda T, Nawa H. A cyclooxygenase-2 inhibitor
ameliorates behavioral impairments induced by striatal ad-
ministration of epidermal growth factor. J Neurosci. 2007;
27:10116–10127.

36. Davies NM, McLachlan AJ, Day RO, Williams KM. Clinical
pharmacokinetics and pharmacodynamics of celecoxib: a
selective cyclo-oxygenase-2 inhibitor. Clin Pharmacokinet.
2000;38:225–242.

37. Ren Y, Hazemeijer H, de Haan B, Qu N, de Vos P. Cytokine
profiles in crevicular fluid during orthodontic tooth move-
ment of short and long durations. J Periodontol. 2007;78:
453–458.

38. Lees RL, Sabharwal VK, Heersche JN. Resorptive state
and cell size influence intracellular pH regulation in rabbit
osteoclasts cultured on collagen-hydroxyapatite films. Bone.
2001;28:187–194.

39. Manolson MF, Yu H, Chen W, Yao Y, Li K, Lees RL, Heer-
sche JN. The a3 isoform of the 100 kDa V-ATPase subunit
is highly but differentially expressed in large (	10 nuclei)
and small (�5 nuclei) osteoclasts. J Biol Chem. 2003;278:
49271–49278.

40. Sari E, Olmez H, Gurton AU. Comparison of some effects
of acetylsalicylic acid and rofecoxib during orthodontic tooth
movement. Am J Orthod Dentofacial Orthop. 2004;125:
310–315.

41. Kalia S, Melsen B, Verna C. Tissue reaction to orthodontic
tooth movement in acute and chronic corticosteroid treat-
ment. Orthod Craniofac Res. 2004;7:26–34.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access


