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Effects of Preoperative Ibuprofen and Naproxen Sodium
on Orthodontic Pain

Omur Polata; Ali Ihya Karamanb; Ercan Durmusc

Abstract: Three experimental groups of 20 patients each, all of whom were to undergo fixed
orthodontic treatment, were enrolled in this prospective study. Group 1 was given a placebo, group
2 was given 400 mg ibuprofen, and group 3 was given 550 mg naproxen sodium. All the patients
received only one dose that was given one hour before archwire placement. All patients were
asked to complete a questionnaire concerning the pain perceived after archwire placement. The
questionnaire was in the form of a seven-page booklet that contained 100-mm horizontal Visual
Analogue Scale on which the patient marked the degree of discomfort at the indicated time pe-
riods. The patients were instructed to make a check on the scale at each time interval to represent
the perceived severity of pain during each of four activities, ie, chewing, biting, fitting back teeth
together, and fitting front teeth together. Incidence and severity of pain were recorded by the
patient at two hours, six hours, nighttime on the day of appointment, 24 hours after the appoint-
ment, and two days, three days, and seven days after bonding. The results revealed that patients
taking 550 mg naproxen sodium one hour before archwire placement had significantly lower levels
of pain at two hours, six hours, and nighttime after adjustment than patients taking placebo or
ibuprofen. However, the use of additional postoperative doses was recommended to control or-
thodontic pain completely. (Angle Orthod 2005;75:791–796.)
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INTRODUCTION

Pressure delivered to a tooth by orthodontic appli-
ances results in ischemia, inflammation, and edema
immediately after the compression of the periodontal
ligament.1 Algogens such as histamine, bradykinin,
prostaglandins, serotonin, and substance P are re-
leased after periodontal ligament compression and ac-
tivation of the inflammatory reaction.2 Pain during or-
thodontic treatment usually appears at two hours after
application of orthodontic force, reaches a peak level
at 24 hours, and lasts approximately five days.3–6

Pain is of multifactorial nature and depends on var-
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iables such as patient’s subjective previous pain ex-
periences, age, type of appliance, present emotional
state and stress, cultural differences, and sex.7 Stud-
ies evaluating the nature of pain felt after oral surgery
procedures have reported possible sex differences in
the degree of pain response.2,8 However, the situation
is different for the orthodontic patient in that clinicians
have not agreed on sex differences in the degree of
pain felt by the orthodontic patient.9–11 Possible sex dif-
ferences in orthodontic pain response are thought to
be related to culture rather than to physiological fac-
tors.7

Discomfort and pain after initial seperator or arch-
wire placement are common experiences among or-
thodontic patients. It is one of the main reasons that
discourages patients from seeking orthodontic treat-
ment.12 Pain during orthodontic treatment may have a
negative influence on cooperation, and some patients
may even stop brushing their teeth due to pain. In a
study that consisted of 203 Chinese orthodontic pa-
tients, 91% of them reported pain caused by fixed or-
thodontic appliances and 39% reported pain during ev-
ery visit.13 Kvam et al14 in Norway and Scheurer et al15

in Switzerland reported that 95% of orthodontic pa-
tients experienced varying degrees of discomfort dur-
ing treatment.
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Different methods have been developed to control
pain during orthodontic treatment including the appli-
cation of low-level laser therapy to periodontal tis-
sues,16 transcutaneous electrical nerve stimulation
(TENS),17,18 and vibratory stimulation of the periodontal
ligament.19 To some degree these have been tried,
and pain control has been achieved. However, the use
of nonsteroidal anti-inflammatory drugs (NSAIDs) is
the preferred method of pain control related to fixed
orthodontic appliances. Anti-inflammatory drugs such
as aspirin and ibuprofen have been evaluated in the
previously literature.3,5,6,20 Ngan et al3 made the first
studies on analgesics and evaluated the analgesic ef-
ficacy of ibuprofen and aspirin on 77 patients in a pla-
cebo-controlled, double-blind, single-dose study. They
found that the placebo group felt more pain than the
patients who had received either ibuprofen or aspirin.
They also reported that patients who received ibupro-
fen after seperator or archwire insertion felt less pain
than patients who received aspirin.

Recently much attention has been paid to preoper-
ative analgesic consumption in both the medical and
dental literature. Preoperative analgesic consumption
provides the blockage of afferent nerve impulses be-
fore they reach the central nervous system. If NSAIDs
are given before the procedure, the body absorbs
them before tissue damage and subsequent prosta-
glandin production. It was reported previously that
NSAID application before oral surgery decreases the
pain intensity and delays both the onset and peak pain
levels.20,21 In orthodontic literature, Law et al5 and
Bernhart et al6 have evaluated the efficacy of preop-
erative analgesic consumption and both have found
that ibuprofen taken one hour before archwire or band
application decreases the pain levels from two hours
after bonding until nighttime.

Only the efficacy of aspirin and ibuprofen has been
studied so far in orthodontic literature. Naproxen so-
dium is a propionic acid derivate like ibuprofen, and its
analgesic effect is comparable to ibuprofen.2 However,
the duration of action of naproxen is longer than ibu-
profen.2 The recommended schedule of administration
is 500 mg initially, followed by 250 mg doses at 8- to
12-hour intervals.2 The aim of this study is to evaluate
the efficacy of preoperative administration of ibuprofen
and naproxen sodium on orthodontic pain after arch-
wire placement.

MATERIALS AND METHODS

Subjects

Sixty orthodontic patients who were scheduled to re-
ceive fixed orthodontic treatment agreed to participate
in this study. The following selection criteria were re-
quired for participation: no prophylactic antibiotic cov-

erage required; no systemic diseases; currently not
using antibiotics or analgesics; no contraindication to
the use of NSAID; a minimum weight requirement
based on Food and Drug Administration–approved
over-the-counter pediatric dosage labeling guidelines;
no teeth extracted at least two weeks before bonding.

A detailed medical history was taken for each pa-
tient, and any patient with a history of a systemic dis-
ease was excluded from the study. Both the parents
and the patients were informed about the procedure,
and an informed consent was obtained.

Twenty patients were randomly assigned to each of
three experimental groups, ie, group A, lactose cap-
sule; group B, 400 mg ibuprofen; and group C, 550
mg naproxen sodium. In all groups, patients took only
one tablet, one hour before archwire placement. The
patient and research assistant were blinded to each
subject’s experimental group.

Subjects were given routine posttreatment instruc-
tions and were asked to complete a questionnaire at
appropriate intervals during the week after the bonding
appointment. The questionnaire was in the format of
a seven-page booklet that contained 100-mm horizon-
tal Visual Analogue Scale (VAS) on which the patient
marked the degree of discomfort at the indicated time
periods. The patients were instructed to make a check
on the scale at each time interval to represent the per-
ceived severity of pain/discomfort during each of four
activities that included chewing, biting, fitting back
teeth, and fitting front teeth. The incidence and sever-
ity of pain were recorded by the patient at two hours,
six hours, bedtime on the day of appointment, 24
hours after the appointment, and two days, three days,
and seven days after bonding. Patients were asked to
return the questionnaire at the next appointment.

Patients were instructed not to take any additional
analgesics. If additional ‘‘rescue’’ medication was
needed, they were instructed to indicate the date and
the dosage of the medication taken. All the patients
returned their questionnaires, and none of them had
taken any additional analgesics.

Statistics

All the statistical analyses were made using the Sta-
tistical Package for Social Sciences 10.0 (SPSS Inc,
Chicago, Ill). Descriptive statistics were calculated for
pain scores at each time interval for the experimental
groups. Analysis of variance (ANOVA) was used to
find the differences in age among the groups.

Comparisons between the three experimental
groups in four parameters were made using repeated
measures two-way ANOVA. If the results of repeated
measures ANOVA were found significant, one-way
ANOVA was carried out for each time interval, and
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TABLE 1. Groups With Mean Age and Sex Distribution

Group
No.

Preoperative
Analgesic

Preoperative
Dose

Mean
Age

No. of
Boys

No. of
Girls

1
2
3

Placebo
Ibuprofen
Naproxen sodium

1 tablet
400 mg
550 mg

16 6 6.1
17 6 7.0
15 6 2.2

10
13
14

10
7
6

TABLE 2. Mean Pain Scores and Standard Deviations of the Experimental Groupsa

Groups 2 h 6 h At night 24 h 2 d 3 d 7 d

Chewing
Placebo
Ibuprofen
Naproxen sodium

3.81 6 3.28
2.18 6 2.68
1.43 6 2.66

5.19 6 3.31
3.49 6 3.04
1.62 6 2.40

5.99 6 2.89
4.96 6 3.97
2.81 6 2.76

5.94 6 3.12
5.46 6 3.82
3.41 6 3.27

4.23 6 2.8
5.01 6 3.10
3.60 6 3.16

3.27 6 2.81
4.94 6 3.07
2.48 6 3.09

1.43 6 1.81
1.55 6 2.49
0.36 6 1.12

Biting
Placebo
Ibuprofen
Naproxen sodium

3.91 6 3.42
2.15 6 2.44
2.54 6 3.15

6.05 6 3.27
4.56 6 3.50
4.86 6 2.02

6.61 6 2.92
5.08 6 3.56
5.11 6 3.20

6.66 6 2.96
6.08 6 3.38
5.11 6 3.20

5.15 6 3.03
5.54 6 2.83
5.53 6 3.22

4.76 6 2.97
4.38 6 3.03
4.69 6 3.29

2.81 6 2.21
1.79 6 2.54
0.89 6 1.67

Fitting front teeth
Placebo
Ibuprofen
Naproxen sodium

3.91 6 3.42
2.03 6 2.52
1.39 6 2.72

6.05 6 3.27
4.09 6 3.69
2.75 6 2.89

6.61 6 2.92
5.68 6 3.66
4.03 6 2.76

6.66 6 2.96
6.27 6 2.75
5.32 6 2.81

5.15 6 3.03
6.24 6 3.34
6.30 6 3.10

4.76 6 2.97
4.88 6 3.62
5.30 6 3.97

2.81 6 2.21
4.88 6 3.62
1.68 6 2.72

Fitting back teeth
Placebo
Ibuprofen
Naproxen sodium

3.33 6 3.01
2.20 6 2.19
1.16 6 2.59

5.20 6 3.35
2.21 6 2.19
1.19 6 2.29

5.38 6 3.20
3.50 6 3.41
2.08 6 2.78

5.17 6 3.29
4.90 6 3.92
2.95 6 2.93

3.39 6 3.03
3.76 6 3.38
3.41 6 2.81

2.22 6 2.21
3.34 6 3.21
2.42 6 3.47

1.49 6 2.04
1.22 6 2.38
0.70 6 2.24

a Values are mean 6 SD.

FIGURE 1. Mean pain scores for ‘‘chewing,’’ by condition and time.

multiple comparisons were made with Tukey HSD test.
In this study, level of significance for repeated mea-
sures ANOVA and Tukey test was determined as P ,
.05.

RESULTS

The descriptive statistics for the three experimental
groups are given in Table 1. As a result of ANOVA,
the mean ages of the subjects were similar between
the three experimental groups (P , .05). Depending
on the previous studies that revealed no differences in
pain response between girls and boys, the findings
were evaluated without sex discrimination.

According to the results of repeated measures AN-
OVA, there were significant relationships between
drug groups and time in chewing, biting, fitting front
teeth together, and fitting back teeth together (P ,
.05). The mean pain values and standard deviations
for chewing, biting, fitting front teeth together, and fit-
ting back teeth together in each of the three experi-
mental groups are shown in Table 2.

Differences in postoperative pain between
experimental conditions

The one-way ANOVA to compare the differences
between the experimental groups at each time inter-

vals showed significant differences in ‘‘pain to chew-
ing’’ at two hours, at six hours, and at the night after
bonding (P , .05). The results of Tukey test revealed
significant differences between the placebo group and
naproxen sodium group at two hours, six hours, and
at night (P , .05). There was no significant difference
in pain levels between groups at any subsequent post-
operative times (Figure 1).

For ‘‘pain to biting,’’ significant differences were ob-
served only at two hours and six hours (P , .05). At
these two time intervals, patients who took naproxen
sodium one hour before archwire placement felt less
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FIGURE 2. Mean pain scores for ‘‘biting,’’ by condition and time.

FIGURE 3. Mean pain scores for ‘‘fitting front teeth together,’’ by
condition and time.

FIGURE 4. Mean pain scores for ‘‘fitting back teeth together,’’ by
condition and time.

pain than patients taking both placebo and ibuprofen
(P , .05) (Figure 2).

There were significant differences at two hours, six
hours, and at nighttime in ‘‘pain when fitting front teeth
together’’ (Figure 3) and ‘‘pain when fitting back teeth
together’’ (Figure 4) (P , .05). The naproxen sodium
group felt less pain than both placebo and ibuprofen
groups in all these measurements. No significant dif-
ferences were measured between the placebo and
ibuprofen groups at these time intervals (P . .05).

DISCUSSION

This study was performed on 60 patients who were
to undergo fixed orthodontic treatment. Three experi-
mental groups included group 1, placebo; group 2, 400
mg ibuprofen; and group 3, 550 mg naproxen sodium.
All the patients received only one dose that was given
one hour before archwire placement.

The patients were asked to complete a question-
naire concerning the pain perceived after archwire
placement. The questionnaire was in the form of a
seven-page booklet that contained 100-mm horizontal
VAS on which the patient marked the degree of pain/
discomfort at the indicated time periods. The patients
were instructed to make a check on the scale at each
time interval to represent the perceived severity of pain
during each of four functional activities of chewing, bit-
ing, fitting back teeth together, and fitting front teeth
together. The incidence and severity of pain were re-
corded by the patient at two hours, six hours, nighttime
on the day of appointment, 24 hours after the appoint-
ment, and two days, three days and seven days after
bonding.

Sex discrimination was not included because of pre-
vious results that had shown no correlation between
pain and sex.9–11 Patients with similar ages, malocclu-
sions, and social class were selected for this study.3

Because no method exists to measure a pain re-
sponse objectively, we used a 100-mm VAS, which
was shown to be a reliable and easy subjective meth-
od of measuring pain intensity.7

The results of this study reveal that patients who
took naproxen sodium preoperatively had significantly
less pain than patients who took placebo or ibuprofen
while chewing, fitting front teeth, and fitting back teeth
at two hours, six hours, and nighttime after archwire
placement. The results of pain to biting were found to
be quite similar, except that there were no differences
in pain scores between the three experimental groups
at nighttime. Jackson et al20 and Dionne and Cooper21

had previously found that NSAIDs taken before oral
surgery procedures could delay the onset and severity
of pain. The probable mechanism for preoperative
anti-inflammatory effect is the blockage of prostaglan-
din synthesis in peripheral tissue. If NSAIDs were giv-
en before the procedure, the body absorbs them be-
fore prostaglandin production, and this decreases the
inflammatory response. According to the results of the
present study, when compared with the placebo
group, the preoperative use of both ibuprofen and na-
proxen sodium decreased the pain levels at two hours
and six hours after archwire placement, but the results
were statistically significant for the naproxen sodium
group only.

The studies that investigated the effects of preop-
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erative analgesic administration before archwire place-
ment so far have investigated only the effects of ibu-
profen.5,6 Law et al5 found that preemptive ibuprofen
significantly decreased pain to chewing at two hours
compared with postoperative ibuprofen or placebo.
Similar to that, Bernhart et al6 found decreased pain
scores in patients taking pre- or postoperative ibupro-
fen compared with patients taking only postoperative
ibuprofen.

The results of this study found no significant differ-
ences in pain responses between the placebo and ibu-
profen groups. However, patients who took naproxen
sodium one hour before archwire placement had de-
creased levels of pain. The disagreement with the find-
ings of these two studies and the present study for the
analgesic effect of ibuprofen is probably because of
the multifactorial nature of pain. Individual pain re-
sponse depends on variables such as the patient’s
subjective previous pain experiences, age, type of ap-
pliance, present emotional state and stress, cultural
differences.7

Peak pain had occurred at night or 24 hours after
archwire adjustment, and pain levels of the patients
who agreed to participate in this study started to de-
crease at 24 hours after archwire placement. Naprox-
en sodium is a long-acting NSAID with analgesic ac-
tivity requiring only twice a day dosage, and its effect
has been studied in oral surgery.2 Single doses of 220
mg of naproxen and 200 mg of ibuprofen were com-
parable in onset of analgesic action and in pain relief
but with prolonged duration of action of naproxen. In
this study, naproxen sodium was found effective to re-
duce pain in pain to chewing, ‘‘pain to fitting front
teeth,’’ and ‘‘pain to fitting back teeth’’ at two hour, six
hours, and at nighttime after archwire placement. The
analgesic activity of naproxen sodium was not suffi-
cient in pain to biting even at the night after the ad-
justment. Therefore, it is recommended that in addition
to one preoperative dose, at least one more postop-
erative analgesic tablet, preferably two, should be giv-
en to the orthodontic patient for pain control.

Gastric or duodenal ulceration, bleeding disorders,
renal insufficiency, asthma, and allergy, hypertension,
congestive heart problems, atherosclerosis, and inter-
action with antihypertension drugs are among the
common adverse effects seen with NSAIDs.2 Kehoe et
al22 found that ibuprofen significantly inhibited the pro-
duction of prostaglandin E (PGE) in the periodontal
ligament and, subsequently, decreased the rate of
tooth movement.

On the other hand, although the acetaminophen had
an inhibitory effect on peripheral prostaglandin (PGE)
synthesis at the level of the periodontal ligament, the
rate of tooth movement was not significantly different
from the controls. They concluded that acetaminophen

is the analgesic of choice for the relief of orthodontic
discomfort. Walker and Buring23 reported that NSAIDs
inhibit the cyclooxygenase pathway and therefore the
production of PGE, and it was thought that NSAIDs
may inhibit the osteoclastic activity necessary for tooth
movement and slow the rate of orthodontic tooth
movement. The dosage of the anti-inflammatory drugs
used in these studies was much higher than over-the-
counter therapeutic doses. In clinical orthodontics,
lower doses are used for a short duration (1–3 days)
after orthodontic activation. In a healthy patient without
any systemic diseases, these doses are eliminated
from the body before orthodontic tooth movement is
started.

There is no standard care for analgesic usage to
relieve pain caused by fixed orthodontic appliances.
This study aimed to evaluate the analgesic effect of
ibuprofen and naproxen sodium, and naproxen sodi-
um was found to have superior analgesic activity com-
pared with both ibuprofen and placebo. However, be-
fore reaching a final conclusion, several other studies
evaluating the efficacy of safer and longer-acting
NSAIDs are needed.

CONCLUSIONS

The results demonstrated that

• Naproxen sodium (550 mg) taken one hour before
archwire placement significantly decreased the se-
verity of pain at two hours, six hours, and, except for
pain to biting, 24 hours when compared with pre-
operatively administrated ibuprofen (400 mg) or pla-
cebo.

• As maximum pain levels were felt on the night to 24
hours after archwire adjustment, a single dose of an
analgesic given preoperatively was found insufficient
to relieve pain; therefore, at least one additional
postoperative dose is recommended.
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TMJ Osteoarthritis/Osteoarthrosis and Immune System Factors in a
Japanese Sample
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ABSTRACT
Objective: To determine whether there is an association between temporomandibular joint (TMJ)
osteoarthritis/osteoarthrosis (OA) and immune system factors in a Japanese sample.
Materials and Methods: The records of 41 subjects (7 men, aged 22.0 � 3.8 years; 34 women,
aged 24.8 � 6.3 years) and 41 pair-matched controls (7 men, aged 22.1 � 2.3 years; 34 women,
aged 24.8 � 6.4 years) based on age and gender were reviewed. Information on medical history
included local or systemic diseases, details on medication type and use, and the presence of
allergies and asthma. Dental history questions referred to details regarding past oral injuries. The
validity of the hypothesis, defining allergies and asthma as risk factors in OA, was tested by using
a logistic regression analysis.
Results: The incidence of allergy was significantly higher in the TMJ OA (P � .008), with a mean
odds ratio of 4.125 and a 95% confidence interval of 1.446–11.769.
Conclusion: These results suggest that allergy may be a risk factor in association with TMJ OA
in this Japanese sample.

KEY WORDS: TMJ OA; Risk factors; Allergy; Asthma

INTRODUCTION

Arthritis refers to inflammation of the articular sur-
faces of a joint. Osteoarthritis (OA) is one of the most
common forms of arthritis affecting the temporoman-
dibular joint (TMJ) and has been referred to as a de-
generative joint disease.1

Although the precise causes of OA are unknown, its
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most common etiologic factor is generally thought to
be overloading of the articular structures of the joint.2–4

When bony changes are active, the condition is often
painful. When the actual cause of OA can be identi-
fied, the condition is referred to as secondary osteo-
arthritis. On the other hand, when the cause cannot
be determined, it is referred to as primary osteoarthri-
tis.1 In either case, as functional remodeling occurs,
the condition becomes stable, although the bony
changes still remain. This condition is referred to as
osteoarthrosis and is nature’s way of adapting to the
functional demands of the system.1 Radiographic
changes are commonly detected in osteoarthritis/os-
teoarthrosis.

The TMJ is believed to be in a constant state of
remodeling (cellular and extracellular matrix turnover).5

The primary goal of remodeling is to maintain func-
tional and mechanical relationships between articulat-
ing surfaces of the joint. Remodeling is an essential
biological response to normal functional demands, en-
suring homeostasis of joint form and function and an
optimal occlusal relationship between the two dental
arches. In addition, remodeling may take place when
changes occur either in the adaptive capacity of the
host or when mechanical stresses are placed on the
joint structures. Host factors (ie, age, systemic dis-
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Figure 1. Examples of temporomandibular joint (TMJ) osteoarthritis.
(A) Right side of TMJ. (B) Left side of TMJ.

ease, hormones) may contribute to dysfunctional re-
modeling of the TMJ, even when the biomechanical
stresses are within a normal physiological range.6,7 Al-
ternatively, excessive mechanical stress may provoke
dysfunctional remodeling in the absence of predispos-
ing host factors.5,6 The exact molecular mechanisms
of degenerative TMJ disease, however, are unknown.
Three mechanisms (direct mechanical injury, hypoxia-
reperfusion injury, and neurogenic inflammation) of in-
jury have been suggested.6 All of these changes can
lead to a net loss of tissue by increasing degradation
processes (catabolic) and inhibiting synthetic process-
es (anabolic) in affected articular tissues.

Neurogenic inflammation has been cited as a pos-
sibly mediating condylar morphologic change.8 Trac-
tion or compression of peripheral nerve terminals in
the joint may evoke a release of neuropeptides (sub-
stance P, calcitonin gene-related peptide [CGRP]) into
the surrounding tissues. These neuropeptides are va-
soactive. When mechanically strained, these neuro-
peptides are released from nerve endings adjacent to
blood vessels, causing local hypotension, leading to
plasma extravasation and migration of leukocytes out
of capillaries. These migratory cells initiate an inflam-
matory reaction, typified by the synthesis and secre-
tion of chemokines, cytokines, growth factors, and col-
ony-stimulating factors. These signal molecules attract
osteoclast and osteoblast progenitor cells to the af-
fected area, thus sustaining the inflammatory process.
In this fashion, inflammation governs the remodeling
of the TMJ. In addition, inflammatory cytokines can in-
crease the synthesis of these neuropeptides in a pos-
itive feedback mechanism.9–11 Therefore, the inflam-
matory process produced by the stimulation of periph-
eral nerve terminals in the TMJ can lead to a self-
perpetuating cycle. Consequently, the presence of
primed leukocytes in the peripheral blood, which orig-
inate in diseased organs such as lungs and joints, sup-
ports the notion of a possible association between
TMJ OA and pathological conditions that affect and/or
involve the immune system.

It has been reported that immune system factors are
associated with excessive dental root resorption12–14

and excessive alveolar bone resorption.15,16 However,
no report exists regarding the relationship between
TMJ OA and immune system factors. In lieu of the
reports linking signal molecules derived from immune
cells with enhanced root resorption and bone remod-
eling in mechanically loaded dental and paradental tis-
sues, we hypothesize that individuals who have med-
ical conditions that affect the immune system, such as
allergies and asthma, may be at a high level of risk for
TMJ OA. The objective of this study was to determine
whether there is an association between TMJ OA and

the presence of systemic diseases that affect the im-
mune system in a Japanese sample.

MATERIALS AND METHODS

This study was a retrospective analysis of existing
radiographs and was performed in accordance with
the guidelines of the Helsinki Declaration (1996).

The sample was selected from the case files of the
Department of Orthodontics, Faculty of Dentistry, Kyu-
shu University, Fukuoka, Japan, which included more
than 2000 documented individual records. These re-
cords contained a pretreatment questionnaire, medical
history, and pretreatment dental panoramic and trans-
cranial radiographs. The questionnaire included the
documentation of TMJ pain, TMJ sounds, and man-
dibular restriction of mouth opening.

Determination of the TMJ OA status of each patient
was established by an examination of the pretreatment
radiographs. Individuals aged 16 years or older were
assigned to the TMJ OA group when bilateral condylar
bony changes (flattening, osteophyte, and erosion)
were detected. The radiographs were interpreted by
an experienced radiologist, who implemented the TMJ
OA definitions and scoring system published by Muir
and Goss.17 We determined scores of 1 and 2 corre-
sponding to mild bony change and gross bony change,
respectively, as constituting TMJ OA (Figure 1). Eigh-
teen cases, in which radiographic interpretation was
ambiguous, and two rheumatoid arthritis cases were
excluded from this study.

In this population, 41 individuals were found to have
bilateral TMJ OA. In this group, 7 subjects were male
(aged 22.0 � 3.8 years) and 34 were female (aged
24.8 � 6.3 years). A control group was selected from
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Table 1. Comparison of Means and Standard Deviations of Age in
the TMJ OA and Control Groupsa

No. of Subjects Age, y

TMJ OA group

Male 7 22.0 � 3.8
Female 34 24.8 � 6.3
Total 41 24.3 � 6.0

Control group

Male 7 22.1 � 2.3
Female 34 24.8 � 6.4
Total 41 24.5 � 6.0

a TMJ indicates temporomandibular joint; TMJ OA, temporoman-
dibular joint osteoarthritis/osteoarthrosis.

Table 2. Prevalence of Subjective TMJ Pain and TMJ Sounds in
the TMJ OA and Control Groupsa

TMJ OA Group Control Group

TMJ pain, % 34.1 5.9
TMJ sounds, % 70.7 19.5

a TMJ indicates temporomandibular joint; TMJ OA, temporoman-
dibular joint osteoarthritis/osteoarthrosis.

Table 3. Distribution for Each Risk Factor in the TMJ OA and Con-
trol Groups

Risk Factor

TMJ OA Group

Male Female Total

Control Group

Male Female Total

Trauma 1 3 4 2 3 5
Allergy 3 16 19 2 5 7
Asthma 0 4 4 1 2 3
Systemic disease 1 7 8 1 2 3
Medication use 0 5 5 0 2 2

a TMJ indicates temporomandibular joint; TMJ OA, temporoman-
dibular joint osteoarthritis/osteoarthrosis.

the remaining patients of this population who did not
display bilateral radiographic evidence of TMJ OA.
Each individual in the control group was pair matched
to another in the TMJ OA group based on age and
gender. In the control group, 7 subjects were male
(aged 22.1 � 2.3 years) and 34 were female (aged
24.8 � 6.4 years; Table 1). Student’s t-tests were used
to compare the mean difference in age between the
TMJ OA and the control groups. No significant differ-
ence in the mean age was found between the two
groups.

Subjects or their legal guardians recorded answers
to a questionnaire prior to the onset of treatment. The
questionnaire sought information on personal demo-
graphics, medical history, and dental history. Infor-
mation in the medical history included local or system-
ic diseases (ie, bone disorders, heart disease, blood
disease, liver disease, kidney disease, and respiratory
disease), details on medication type and use, the pres-
ence of allergies (ie, allergic rhinitis, allergic urinary,
allergic response to food or metal, pollen allergy, and
atopic dermatitis) and asthma. Dental history ques-
tions referred to details regarding previous dental
treatment and information about past oral injuries.

Statistical Analysis

The validity of our hypothesis was tested by the lo-
gistic regression analysis using the Stat View 5.0 pro-
gram (SAS Institute Inc, Cary, NC). This analysis is a
variation of ordinary regression, applicable when the
observed outcome is restricted to two values, which
represent the occurrence or nonoccurrence of an out-
come event (TMJ OA). It produces a formula that pre-
dicts the probability of the occurrence as a function of
the independent variables. Logistic regression also
produces odds ratios associated with each predictor
variable (trauma, allergy, asthma, systemic disease,
medication use). The result is the odds of an event
occurring divided by the probability of the event not
occurring.

RESULTS

The prevalence of the subjective signs and symp-
toms of TMJ dysfunction in TMJ OA and control
groups is shown Table 2. The prevalence of bilateral
TMJ OA was 2.1%. The distribution of each risk factor
in the TMJ OA and control groups is shown in Table
3. The logistic regression analysis is shown in Table
4. The incidence of allergy was significantly higher in
the TMJ OA group (P � .008), with a mean odds ratio
of 4.125 and 95% confidence interval of 1.446–11.769.
The incidences of the other factors were not significant
between the two groups.

DISCUSSION

TMJ OA, which is a degenerative disease common
to human general joints, is defined for the TMJ as de-
terioration of the articular cartilage layer with structure
changes of subchondral bone. Factors that influence
the host remodeling capacity of the TMJ may include
advancing age and hormonal factors.7 It is reported
that progressive resorption occurred in a young age
group (second and third decade).18–21 Occurrence at
this age is secondary to reduced host adaptive capac-
ity and diminished cellular density in the articular car-
tilages.22,23 Furthermore, females are more likely to be
afflicted with OA than males are.24,25 Females might be
predisposed to dysfunctional remodeling of the TMJ,
and this female preponderance for dysfunctional re-
modeling of the TMJ suggested a potential role of sex
hormones (ie, estrogen, prolactin) as modulators of
this response.18 Based on that premise, in this study,
each individual in the control group was pair matched
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Table 4. Logistic Regression Analysis of Each Risk Factor

Risk Factor �2 P Value
Odds
Ratio

95% Confidence
Interval

Trauma 0.530 .818 0.840 0.189–3.722
Allergy 7.020 .008 4.125 1.446–11.769
Asthma 0.246 .620 1.551 0.274–8.771
Systemic disease 1.933 .164 2.635 0.672–10.325
Medication use 0.670 .413 2.164 0.341–13.744

to another in the TMJ OA group based on age and
gender.

TMJ OA still bristles with unclear points regarding
the involved cellular and tissue mechanisms underly-
ing this pathological process. However, one biological
pathway of TMJ OA has been identified as neurogenic
inflammation.5,6 Traction or compression of the nerve-
rich regions of the TMJ may result in the release of
neuropeptides from the peripheral terminals into the
affected tissue. Some neuropeptides, such as sub-
stance P and CGRP, may stimulate the production and
release of proinflammatory cytokines (ie, interleukin-1
[IL-1], tumor necrosis factor [TNF]) by local cell pop-
ulations.26–30 These cytokines may in turn stimulate the
production, release, and/or activation of the matrix de-
grading enzyme as well as activate both phospholi-
pase A2 and cyclooxygenase, leading to the produc-
tion of prostaglandins and leukotrienes. Prostaglan-
dins, such as PGE2, may sensitize peripheral nerve
terminals in the region, leading to a continued release
of proinflammatory neuropeptides. This interaction
may potentially lead to a self-perpetuating cycle that
can amplify the inflammatory response. In this disease
state, the delicate balance between catabolic and an-
abolic events is perturbed, resulting in a net loss of
articular tissue. Furthermore, the levels of several cy-
tokines, including IL-1�, IL-6, TNF-�, IL-8, and inter-
feron-�, were reported to be increased in synovial fluid
samples taken from patients with temporomandibular
disorders, and these cytokines may play a role in the
pathogenesis of synovitis and degenerative changes
of the cartilaginous tissue and bone of the TMJ.31

Therefore, it is reasonable to hypothesize that patients
with local or systemic diseases that involve the im-
mune system may be susceptible to TMJ OA because
at least some of their circulating leukocytes are primed
to produce high levels of inflammatory mediators and
growth factors.

Allergy is associated with a set of abnormal genet-
ically regulated immune responses to a variety of al-
lergens. Allergic individuals are characterized by the
excessive production of IgE, antibodies to the aller-
gens, and many major classes of cytokines, which
have been organized into different categories accord-
ing to their major functional activities.32

In this study, we found that allergy might be an eti-
ological factor in TMJ OA. Our finding supports the
hypothesis that allergies may be high-risk factors for
TMJ OA. Similarly, we hypothesized that asthma might
be one of the high-risk factors in TMJ OA because
circulating lymphocytes from asthma patients produce
large amounts of interleukins 2, 4, and 5.33 However,
we did not find a significant association between the
two pathologies. This statistical finding does not pre-
clude the existence of an association between asthma
and TMJ OA because only a few patients with asthma
were included in our sample (four patients with asthma
in the TMJ OA group; three patients with asthma in
the control group). Therefore, additional research on a
larger sample appears to be warranted.

One limitation of this study was that determination
of the TMJ OA status of each patient was established
by examination of dental panoramic radiographs. It
has been suggested that bony tissues are best imaged
with computed tomography (CT) scan.34 The greatest
advantage of the CT scan is that it images both hard
and soft tissue.35 However, the disadvantages of the
CT scan are that it is time consuming, expensive, and
a procedure with high radiation exposure.

Although there is a controversy regarding the utility
of the dental panoramic radiographic imaging in both
general practice and when evaluating the TMJ,36 the
panoramic and transcranial radiographs have been
widely used in dental offices, providing useful diag-
nostic images for screening purposes.37 The accuracy
of determining bony changes by using panoramic ra-
diographs was reported to be from 71% to 84%.38,39

Therefore, the validity and impact of the results should
be interpreted with caution.

In this study, the subjects were grouped into the
TMJ OA group when the bilateral bony changes (flat-
tening, osteophyte, and erosion) were obvious in the
panoramic and transcranial radiographs according to
the definitions and scoring system published by Muir
and Goss.17 Recently, it was reported that cone beam
CT is one of the best choices for imaging diagnosis of
the TMJ OA.40 Cone beam CT, which reproduces mul-
tiple images, including axial, coronal, and sagittal
planes of the joint, provides a complete radiographic
investigation of the bony components of the TMJ.
However, these images were not available to us at the
time of this investigation.

CONCLUSION

• Allergy may be a risk factor in association with TMJ
OA in this Japanese sample. However, the small
size of our sample precluded the exposure of addi-
tional physiological and medical conditions that may
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contribute, alone or in concert with other factors, to
the etiology of TMJ OA.
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Erratum

Vol. 75, No. 5, September 2005, page 793.

‘‘Effects of preoperative ibuprofen and naproxen sodium on orthodontic pain’’.
Omar Polat, Ali Ihya Karaman and Ercan Durmus.
Angle Orthod. 2005;75:791–796.

TABLE 1. Groups With Mean Age and Sex Distribution

Group
No.

Preoperative
Analgesic

Preoperative
Dose

Mean
Age

No. of
Boys

No. of
Girls

1
2
3

Placebo
Ibuprofen
Naproxen sodium

1 tablet
400 mg
550 mg

16.15 � 5.7
17 � 7.0
15 � 2.2

10
13
14

10
7
6

TABLE 2. Mean Pain Scores and Standard Deviations of the Experimental Groupsa

Groups 2 h 6 h At night 24 h 2 d 3 d 7 d

Chewing
Placebo
Ibuprofen
Naproxen sodium

3.92 � 3.18
2.18 � 2.68
1.43 � 2.66

5.18 � 3.07
3.49 � 3.04
1.62 � 2.40

5.99 � 2.88
4.96 � 3.97
2.81 � 2.76

4.47 � 2.97
5.46 � 3.82
3.41 � 3.27

3.27 � 2.81
5.01 � 3.10
3.60 � 3.16

3.27 � 2.81
4.94 � 3.07
2.48 � 3.09

1.06 � 0.80
1.55 � 2.49
0.36 � 1.12

Biting
Placebo
Ibuprofen
Naproxen sodium

5.41 � 2.78
2.15 � 2.44
2.54 � 3.15

5.73 � 3.71
4.56 � 3.50
4.86 � 2.02

6.34 � 2.93
5.08 � 3.56
5.11 � 3.20

6.69 � 2.84
6.08 � 3.38
5.11 � 3.20

4.49 � 1.95
5.54 � 2.83
5.53 � 3.22

3.78 � 2.95
4.38 � 3.03
4.69 � 3.29

1.93 � 1.72
1.79 � 2.54
0.89 � 1.67

Fitting front teeth
Placebo
Ibuprofen
Naproxen sodium

3.81 � 3.03
2.03 � 2.52
1.39 � 2.72

5.83 � 3.13
4.09 � 3.69
2.75 � 2.89

6.55 � 2.84
5.68 � 3.66
4.03 � 2.76

6.63 � 2.91
6.27 � 2.75
5.32 � 2.81

5.11 � 2.88
6.24 � 3.34
6.30 � 3.10

4.58 � 2.87
4.88 � 3.62
5.30 � 3.97

2.57 � 1.97
4.88 � 3.62
1.68 � 2.72

Fitting back teeth
Placebo
Ibuprofen
Naproxen sodium

3.41 � 3.01
2.20 � 2.19
1.16 � 2.59

5.20 � 3.07
2.21 � 2.19
1.19 � 2.29

5.34 � 3.07
3.50 � 3.41
2.08 � 2.78

5.22 � 3.32
4.90 � 3.92
2.95 � 2.93

3.44 � 2.97
3.76 � 3.38
3.41 � 2.81

2.24 � 2.09
3.34 � 3.21
2.42 � 3.47

1.44 � 1.46
1.22 � 2.38
0.70 � 2.24

a Values are mean � SD.
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