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A randomized clinical trial comparing the efficacy of
bite wafer and low level laser therapy in reducing pain
following initial arch wire placement
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Background and aims: This study aimed to evaluate the efficacy of ibuprofen, bite wafer and low
power red and infrared lasers in orthodontic pain management.

Subjects and methods: One hundred subjects were randomly assigned to 5 groups of 20 each.
The patients in each group received one of the following treatments after the placement of fixed
orthodontic appliances: 1. placebo medication, 2. ibuprofen, 3. bite wafer, 4. irradiation from a low
level red laser (LLRL; 660 nm, 200 mW, 1 J/point, 6 points), 5. irradiation from a low level infrared
laser (LLIL; 810 nm, 200 mW, 1 J/point, 6 points). A Visual Analogue Scale (VAS) was used to
record pain intensity while chewing, biting, fitting front teeth, and fitting back teeth at 2 hours, 6
hours, bedtime, 24 hours, 2 days, 3 days and 7 days following arch wire placement.

Results: Significant between-group differences were found in pain at chewing, biting, fitting front
teeth and fitting back teeth at all time points (p<0.001). Generally, VAS scores in the LLIL, ibupro-
fen and bite wafer groups were close to each other and significantly lower than those in the LLRL
and control groups (p<0.05), which showed comparable pain level at most intervals. The infrared
laser group (LLIL) showed significantly lower pain than all other groups at some points over the
experiment (p<0.05).

Conclusions: A single irradiation from a low level infrared laser proved to be the best strategy for
orthodontic pain control. Alternatively, chewing on a bite wafer could be recommended. These

methods should be considered as suitable alternatives for ibuprofen in orthodontic patients.
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Introduction

Pain/discomfort is a common experience in subjects
wearing fixed orthodontic appliances. Pain usually
affects routine activities such as sleep, eating and
chewing, and may even encourage some patients to
undergo early termination of therapy . Most ortho-
dontic procedures such as separator placement, inser-
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tion and activation of arch wires and debonding could
be perceived painful by the patients 2. Pain usually
begins at 2 to 4 hours after application of orthodontic
forces and increases until 24 hours; then fades gradual-
ly over the next 7 days 30, It is believed that a combi-
nation of pressure, ischemia, inflammation and edema
in the compressed periodontal ligament (PDL) are
responsive for pain induced following force applica-
tion 7.

Traditionally, prescription of non-steroidal anti-
inflammatory drugs (NSAIDs) has been considered as
the most effective strategy for controlling pain resulted
from orthodontic forces. NSAIDs inhibit the synthesis
of prostaglandins which are important mediators in the
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process of pain induction 9. The use of these drugs,
however, may be associated with some systemic side
effects such as gastrointestinal problems, thrombocy-
topenia, skin rushes, renal insufficiency, hypertension,
and headache, and has raised health concerns especial-
ly for use in children and adolescents ®. For this rea-
son, employing nondrug approaches such as bite
wafers or low level laser therapy (LLLT) has been rec-
ommended for pain control during orthodontic therapy
1,2,4)

Chewing of gum or plastic wafers has been sug-
gested as a method to alleviate pain induced after
placement of orthodontic appliances % 9 100 It is
believed that chewing allows blood flow in com-
pressed areas of the periodontal ligament and prevents
the formation of pain-inducing metabolites, thus atten-
uating pain perception 19, Some studies % 9 demon-
strated the effectiveness of bite wafers in controlling
pain associated with initial archwire placement and
suggested this approach as a suitable alternative for
NSAIDs in pain management.

Low level laser therapy (LLLT) has been widely
used in dentistry due to its analgesic and anti-inflam-
matory effects and its great benefits in accelerating the
wound healing process 11-15). Previous studies
employed LLLT for reducing pain initiated after separa-
tor or arch wire placement or during canine retraction,
and reported controversial findings. Some authors
believed that LLLT was effective for controlling pain in
orthodontic patients 1+ 162D whereas others reported
no significant improvement in pain after laser therapy
compared to a placebo application 2229

There are a few studies regarding the effective-
ness of bite wafers and LLLT in alleviating pain and
discomfort in orthodontic patients and the efficacy of
these strategies has not been compared with together
in previous investigations. Furthermore, no study com-
pared the effect of low power red and infrared lasers
in orthodontic pain management. Therefore, this clini-
cal trial was conducted to evaluate the effectiveness of
ibuprofen, bite wafer and low level red and infrared
lasers in relieving pain during the first week after initial
arch wire placement.

Subjects and methods

The sample consisted of one hundred subjects who
were scheduled to undergo fixed orthodontic therapy
at the Department of Orthodontics, School of Dentistry,
Kerman University of Medical Sciences, Kerman, Iran.
The patients were 66 females and 34 males and ranged
in age from 14 to 21 years (mean age 17.6 years). To
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be included in the study, the patients should have
moderate (4-8 mm) crowding according to Little’s irreg-
ularity index 25, and require extraction of four
first/second premolars for orthodontic reasons. The
subjects who had systemic or periodontal diseases or
underwent previous orthodontic therapy, as well as
those using analgesics or medication interrupting tooth
movement were excluded from the study. The study
protocol was reviewed and approved by the Ethics
Committee of Kerman University of Medical Sciences.
The patients and their parents were informed about the
details of the study and informed consent document
was taken before the commencement of the treatment.

The subjects were randomly assigned to 5 groups
of 20 each according to a computer-generated random
assignment program. The extractions were finished at
least 1 week before placing orthodontic appliances,
and elastomeric separators were inserted for the first
molars to be banded 2 days before appliance place-
ment. In all participants, stainless steel bands and
preadjusted edgewise brackets (0.022x0.028 inch slot;
Dentaurum, Ispringen, Germany) were placed in upper
and lower jaws at one appointment. A 0.014-in nickel
titanium arch wire (Dentaurum) was engaged in all
(Ortho
Technology, Tampa, Florida, USA), and the patients

brackets using elastomeric modules
were instructed about the oral hygiene measures and
care of appliances. The subjects in the study groups
underwent specific pain relief strategies as follows:
Group 1 (placebo medication): The participants were
instructed to take a vitamin B6 tablet (Pyridoxine HCI,
40 mg, Darou Pakhsh Co., Tehran, Iran) as a placebo
immediately after appliance placement and at 8 hour
intervals for one week, if pain persisted.

Group 2 (ibuprofen): The subjects were asked to take
a 400-mg ibuprofen tablet (Ibuprofen Najo, 400 mg,
Iran Najo Co., Tehran, Iran) immediately after insertion
of arch wire and at 8 hour intervals for 1 week, if they
experienced pain.

Group 3 (bite wafer): The participants were instructed
to chew or bite down on a plastic bite wafer (Ortho
Organizers. Inc., Carlsbad, CA; Fig. 1) following arch
wire placemat and repeat the procedure at 8 hour
intervals for 1 week, if pain persisted.

Group 4 (low level red laser; LLRL): The patients in
this group received a single session irradiation from a
low power indium-gallium-aluminum-phosphide
(InGaAlP) diode laser (wavelength 660 nm; Thor DD2
control unit, Thor, London, UK; Fig. 2) immediately
after placement of fixed appliances. The laser emitted a
wavelength of 660 nm and operated in continuous
wave mode at power of 200 mW. The tip of the appa-

S Bayani et al



available at www.jstage.jst.go.jp/browselislsm

ORIGINAL ARTICLES

ratus was held at close contact to the apical, middle
and cervical areas of the root at both buccal and lin-
gual directions for 5 seconds each (total period of 30
seconds per tooth), delivering 1 J of energy per area.
Considering the area of 0.07 cm? for the probe, the
energy density was approximately 14.3 J/cm?2. The
laser irradiation was performed once during the study
period. Both patient and therapist wore safety goggles
during laser therapy.

Group 5 (low level infrared laser; LLIL): In this group,
a low level gallium-aluminum-arsenide (GaAlAs) diode
laser (wavelength 810 nm; Thor; Fig. 2) was irradiated
immediately after ligation of the arch wire. The laser
parameters and sites of irradiations were similar to that
described in group 4. Each area received 1 ] of laser
energy and the energy density at the surface of the
probe was calculated to be 3.6 J/cm? (spot size 0.28
cm?). The laser irradiation was performed once during
the study period and eye protection was taken with
safety goggles.

Because of the different pain management
approaches employed in this study, masking of the
subjects or the treating clinician was not possible.
However, the subjects assigned to the ibuprofen and
placebo medication groups were blinded to their allo-
cation. Furthermore, the investigator who assessed the
outcomes and the data analyst were kept blinded to
the assignments.

Pain intensity was evaluated with a questionnaire
containing 28 copies of a visual analogue scale (VAS).
The VAS consisted of a 10-cm horizontal line with 0
(the left side) indicating no pain and 10 (the right side)

representing the worst possible pain. Each patient was
instructed to put a mark on the line in accordance with
the degree of perceived pain. The distance between
the mark and the left margin of the scale was then
measured with a ruler and recorded as the pain score.
Pain level was evaluated at 2 hours, 6 hours, bedtime
on the day of arch wire placemen, 24 hours, 2 days, 3
days and 7 days after placement of the arch wire.

At each time point, pain intensity was recorded
during four oral functions including chewing, biting,
fitting front teeth and fitting back teeth. For chewing
and biting functions, the patients were instructed to
chew or bite on a slice of a yellow apple and then
mark the degree of perceived pain. For fitting front
and back teeth, the patients were asked to put the
front teeth edge to edge with light force and to fit the
back teeth with light force, respectively, and then score
the amount of pain experienced at each function.

The patients were encouraged not to consume
additional analgesics as much as possible and if they
indeed required rescue medication, they should docu-
ment the number of tablets.

Statistical analysis

The normal distribution of the data was confirmed by
the Kolmogorov-Smirnov test. One way analysis of
variance (ANOVA) was run to determine any signifi-
cant differences in pain scores at each function and
time point among the study groups, followed by Tukey
post hoc analysis for pairwise comparisons. The differ-
ence in age of the participants in the study groups was
analyzed by ANOVA and that of the sex and frequency

Fig. 1: The bite wafers used in this study

Efficacy of bite wafers and LLLT in orthodontic pain reduction

Fig. 2: The low power gallium-aluminum-arsenide
(GaAlAs) and indium-gallium-aluminum-phosphide
(InGaAlP) lasers used in this study
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of analgesic consumption was assessed by the chi-
square test. The statistical calculation was performed
by SPSS (Statistical Package for Social Sciences, Version
16.0, SPSS Inc, Chicago, IL) software, and the signifi-
cance level was set at p<0.05.

Results

The study stared with 100 participants and 90 question-
naires were completed and returned. These 90 subjects

10

therefore formed the data for this clinical trial. There
was no significant difference in age or sex of the par-
ticipants among the study groups (p=0.10 and p=0.85,
respectively). The frequency of analgesic consumption
was greater in the placebo medication group but the
difference between groups was not significant
(p=0.09). Figures 3 to 6 present VAS scores in cen-
timeters for the study groups during different oral func-
tions over the course of the experiment. Pain intensity
increased from 2 hours after arch wire placement to a

= ——Placebo
s, —— Bite waler
g ~—— Ibuprofen
—LLRL
/7/\ B
3 A
%Q AN
2
~
2 hours 6 hours bedtime 2 days 3days 7 days
Fig. 3: A line chart indicating VAS values at “chewing” function for the study
groups (LLRL= low level red laser, LLIL=low level infrared laser).
g =
—Placebo
~— Bite wafer
~— Ibuprofen
——LLRL
— L

2hours 6 hours bedtime

2days 3days 7days

Fig. 4: A line chart indicating VAS values at “biting” function for the study
groups (LLRL= low level red laser, LLIL=low level infrared laser).

124

S Bayani et al



available at www.jstage.jst.go.jp/browselislsm

ORIGINAL ARTICLES

peak at 24 hours; then gradually declined until the 7t
day. The highest pain intensity was reported by the
subjects in the LLRL (low level red laser) group fol-
lowed by those in the placebo medication group.
Generally, the lowest amount of pain was observed in
subjects underwent LLLT with infrared diode laser, but
at some points, ibuprofen was the most effective strate-
gy for pain reduction.

ANOVA demonstrated significant between-group
differences in pain perceived at chewing, biting, fitting

10

front teeth and fitting back teeth at all time points
(p<0.00D). The results of the Tukey test revealed that at
almost all intervals, pain intensity in the placebo group
was comparable to that of the LLRL group (p>0.05),
and both groups experienced significantly greater pain
than subjects in the bite wafer, ibuprofen and LLIL
(low level infrared laser) groups (p<0.05), which
exhibited no significant differences to each other
(p>0.05). The exceptions were observed in pain at “bit-
ing” at 24 hours, and in pain at “fitting front teeth” at

VAS (cm)

VAS (cm)

/ / \\ ——Placebo
- —— Bite wafer
/ /74\ \ ~— Ibuprofen
—LLRL
/ \ \ —LLIL
/ N
\ T~
2 hours 6 hours bedtime 1day 2days 3days 7days
Fig. 5: A line chart indicating VAS values at “fitting front teeth” function for the
study groups (LLRL= low level red laser, LLIL=low level infrared laser).
—Placebo
~— Bite wafer
~ Ibuprofen
——LLRL
—LLL

2hours G hours bedtime

1day

2days 3days 7days

Fig. 6: A line chart indicating VAS values at “fitting back teeth” function for the study
groups (LLRL= low level red laser, LLIL=low level infrared laser).

Efficacy of bite wafers and LLLT in orthodontic pain reduction
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bedtime and 24 hours, when the LLIL group showed
significantly lower pain level than all other groups
(p<0.05). Furthermore, on day 7, there was no signifi-
cant difference between the placebo and bite wafer
groups regarding pain at “biting” and “fitting front
teeth” and between the placebo, bite wafer and
ibuprofen groups regarding pain at “fitting back teeth”.
In addition, LLRL group showed significantly greater
pain scores than the placebo group regarding pain at
“fitting back teeth” at 2 hours, 6 hours, bedtime, 3 days
and 7 days (p<0.05).

Discussion

The present study investigated the effect of an anti-
inflammatory drug (ibuprofen), placebo medication,
bite wafer and two wavelengths of low power lasers
on attenuating pain in subjects underwent orthodontic
treatment with fixed appliances. Patients with 4 to 8
mm of crowding were selected in order to allow full
engagement of the arch wire in most brackets. It is
believed that pain scores in the range of 0 to 35 mm
are perceived mild by the patients; whereas those
ranging from 36 to 70 mm are categorized as moderate
and scores between 71 and 100 mm indicate severe
pain 1D,

In all groups, pain during the four major oral
functions increased 2 hours after fixed appliances were
placed and reached the maximum intensity at 24 hours
later; then decreased gradually over the rest of the
experiment, so that the least amount of pain was
reported on the 7! day. This finding confirms the
results of other investigators 3 who found that pain
severity is greatest at 24 hours after insertion of arch
wire and returns to the normal level over the first week
after appliance placement. In most groups, the maxi-
mum pain was somewhat greater during biting com-
pared to other oral functions. This outcome is in agree-
ment with the results of previous authors 4 who found
that the peak pain occurs at biting function. In con-
trast, Polat et al 20 reported that at some time points,
the highest pain level was observed while fitting front
teeth together.

The effectiveness of ibuprofen and other NSAIDS
in reducing pain resulted from the application of ortho-
dontic forces has been demonstrated in previous inves-
tigations 2029 In this study, patients in the ibuprofen
group reported significantly lower pain compared to
that of the placebo medication and LLRL (low level red
laser) groups, but their difference with the bite wafer
and LLIL (low level infrared laser) groups was not sig-
nificant at most intervals. Because of the inflammatory
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nature of orthodontic pain, NSAIDs have been consid-
ered as the golden standard for controlling pain in
orthodontic patients 9. The systemic side effects of
ibuprofen, however, have deterred from considering
this drug as a standard of care for pain management in
young orthodontic patients.

In the present study, the use of bite wafer was
almost as effective as the ibuprofen and low power
infrared laser for orthodontic pain management.
According to Furstman and Bernik 7, a combination of
pressure, ischemia, inflammation, and edema is
responsive for pain perceived after application of
orthodontic forces. Proffit et al 19 recommended chew-
ing on gum or plastic wafers to temporarily displace
the teeth and establish partial blood circulation in com-
pressed areas of the PDL, thus preventing from the for-
mation of pain-inducing mediators. The outcomes of
this study are in agreement with the results of Murdock
et al 9 who reported that the use of bite wafers was at
least as effective as over-the-counter (OTC) analgesics
for pain management during the first week after initial
arch wire placement. Farzanegan et al ¥ suggested that
viscoelastic bite wafers are good substitutes for NSAIDs
in orthodontic pain management. In contrast, Otasevic
et al 39 concluded that the avoidance of hard food in
the first week after appliance placement was a more
effective strategy than chewing on masticatory bite
wafers for attenuating initial orthodontic pain. In agree-
ment with previous authors ¥, patients in the bite
wafer group experienced lower pain while fitting back
teeth than fitting front teeth. This could be attributed to
the same thickness of bite wafer in anterior and poste-
rior areas, so when the back teeth come in touch with
the bite wafer, the anterior teeth will not touch the
wafer 9,

The exact mechanism of low power lasers in pain
release is not yet fully understood, however, their
effects on increased local circulation, inhibiting the
production of inflammatory mediators, stimulating
nerve cell respiration and stabilizing membrane poten-
tials have been indicated by several investigators 21, 31-
3 In this study, both low power red and infrared
lasers were employed for pain relief in orthodontically
treated subjects, and the results showed that the red
wavelength was not effective for this application. The
degree of pain reported by the patients in the LLRL
group was greater than all other groups although the
difference with the placebo medication group was
small and not statistically significant at most intervals.
This may be related to the greater placebo effect of
tablets in pain release. It seems that patients conven-
tionally perceive less pain by taking tablets compared

S Bayani et al
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to receiving recent technologies such as laser therapy.

LLLT with infrared wavelength was indeed effec-
tive in reducing pain resulted from orthodontic treat-
ment. The intensity of pain reported by the subjects in
the LLIL group was lower than all other groups at most
time points. The difference in pain perception between
the LLIL, ibuprofen and bite wafer groups, however,
was not statistically significant over the experiment
except for pain at “biting” and “fitting front teeth” at
some points, when the patients in the LLIL group
experienced significantly lower pain than all groups of
the study. The outcomes of this study confirmed the
results of Tortamano et al 29 who reported that LLLT
efficiently controlled pain caused by insertion of the
first arch wire. Turhani et al 21 found that LLLT was an
effective strategy to decrease the prevalence of pain at
6 and 30 hours after multibanding. Others studies indi-
cated the beneficial effects of laser therapy in control-
ling pain perceived by the patients during canine
retraction 3 or after separation - 17-19, 30 In contrast,
Esper et al 37 indicated that laser therapy had no sig-
nificant effect on the reduction of pain level compared
to the low-level LED therapy. Several clinical trials
reported no significant pain relief by using low-level
laser irradiation after applications of orthodontic forces
2224, 38) ' A recent systematic review concluded that
there is limited evidence to believe that LLLT is capable
to delay the onset and reduce the intensity of ortho-
dontic pain 3. The laser parameters such as wave-
length, power, energy, irradiation time, frequency of
irradiation, power density and energy density could
affect the treatment results and these may be the rea-
son for the controversial findings about the analgesic
effects of laser therapy on orthodontic pain manage-
ment.

The laser settings employed in this study allowed
each tooth to receive a total energy of 6 J (1 J per area)
which was applied over a period of 30 seconds per
tooth and thus less than 10 minutes per patient. The
differences observed in the therapeutic effects of low
power red and infrared lasers could be attributed to
the different energy densities employed or to the dif-
ferent penetration depths of these wavelengths in bio-
logical tissues. The visible lasers in the range of 400-
700 nm penetrate the tissue for about 8 mm, whereas
the infrared lasers have approximately 2-3 cm penetra-
tion depth 13 It seems that the receptors producing
orthodontic pain are located in deep areas and thus

Efficacy of bite wafers and LLLT in orthodontic pain reduction

the application of infrared wavelength is more suitable
for controlling pain resulted from initial arch wire
placement. It should be noted that laser therapy was
performed once and was not repeated during the study
period, but other modalities could be repeated by the
patients if pain persisted.

A limitation of laser therapy for pain relief is its
relatively long period of application in orthodontic
patients. However, LLLT could be performed by a
skilled technician in the dental office with less inter-
vention on routine dental activities. The duration of
laser therapy could be minimized by using a device
with a higher output power such as 400 or 500 mW,
although the therapeutic effects of higher powers on
orthodontic pain reduction should be clarified in future
investigations.

The findings of the present study indicate promis-
ing results by a single session of infrared diode laser
irradiation for orthodontic pain reduction. It is possible
that a more frequent laser application or alterations in
laser parameters could lead to a greater efficacy in pain
relief in orthodontic patients, but more researches are
warranted for verification. Because of the subjective
nature of VAS scores which affects the response from
patient to patient, further clinical trials are suggested to
compare the efficacy of bite wafer and LLLT using
objective criteria such as mediators in gingival circular
fluids of subjects underwent orthodontic treatment.

Conclusion

Under the conditions used in this study:

1- A single irradiation from a low power infrared laser
was the most effective strategy for pain relief follow-
ing initial arch wire placement and could be sug-
gested as a suitable alternative for ibuprofen.

2- Chewing on a bite wafer was also effective for
orthodontic pain control and produced results that
were comparable to that of the ibuprofen and low
power infrared laser at most time points.

3- Treatment with a low power red laser could not be
recommended for pain control following placement
of orthodontic appliances.
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