Hindawi

BioMed Research International

Volume 2020, Article ID 7460938, 10 pages
https://doi.org/10.1155/2020/7460938

Research Article

Photobiomodulation and Pain Reduction in Patients Requiring
Orthodontic Band Application: Randomized Clinical Trial
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Purpose. The aim of this study was to investigate the effect of Photobiomodulation (PBM) in managing orthodontic pain
intensity over time in patients requiring band application on upper first molars. Methods. Maxillary first molars were
banded. In the trial group, each molar received single-session PBM on two buccal and two palatal points (A =830+ 10 nm;
150 mW, 7.5J/cm? spot of 0.1cm’ 5sec per point), while the control group received a placebo treatment. All patients
were asked to answer five pain rating scales to assess pain intensity at 5 minutes and 1, 12, 24, and 72 hours and
completed a survey describing the type of pain and its temporal course in the next 7 days. Results. 26 patients (mean age
11.8 years) were randomly assigned to a control or a trial group. The trial group showed significantly lower pain
intensities (p <0.05) at 5min (M =0.92, SD=1.32), 1h (M =0.77, SD=1.01), and 12h (M =0.77, SD =1.54) after band
application compared to the control group (5min: M =1.62, SD=1.26; 1h: M=1.77,SD =1.92; and 12h: M =1.77, SD =2.17),
whereas no difference between groups (p > 0.05) was found at 24 h (trial: M = 0.62, SD = 1.71; control: M = 1.08, SD = 1.75) and
72h (trial: M =0.31, SD=0.75; control: M =0.15, SD =0.55). Patients in the control group reported more frequently the
presence of “compressive pain” (58.8%, p < 0.05) from the appliance during the week after the application, while the trial group
showed higher frequency of “no pain” (46.2%, p <0.05). However, PBM did not affect the pain onset (trial: M =10.86,
SD =26.97; control: M =5.25, SD =7.86), peak (trial: M =15.86, SD =26.29; control: 6.17, SD =7.96), and end time (trial:
39.57, SD=31.33; control: M =22.02, SD=25.42) reported by the two groups (p>0.05). Conclusions. PBM might be
considered a promising alternative to decrease general pain intensity, although not affecting the typical pain cycle, in
terms of the onset, peak, and ending times.

changes in blood flow, release of inflammatory cytokines
(histamine, prostaglandins, encephalin, substance P, leuko-

Pain is an unpleasant sensory and emotional experience
associated with actual or potential tissue damage [1], and
it is one of the most frequent complications of orthodon-
tics that might reduce patient compliance and treatment
withdrawal [2, 3]. The orthodontic forces promote tooth
displacement in the periodontal ligament space, leading
to bone remodeling of the alveolus through bone resorp-
tion and apposition [4]. These processes most often result
in pain [3], since they are related to reactions such as

trienes, etc.), stimulation of afferent A delta and C nerve
fibers, release of neuropeptides, and hyperalgesia [5, 6].
Several studies evaluated the effectiveness of different
methodologies to control orthodontic pain. In this regard,
Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) are one of
the most common and effective ways to manage orthodontic
pain by means of cyclooxygenase enzyme system inhibition,
associated with decreased prostaglandin synthesis [7, 8].
Nevertheless, many side effects like allergies, gastric ulcers,
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bleeding disorders [8, 9], and reduction of tooth movement
rate have been reported [9]. Interestingly, several alternatives
have been investigated with the aim of reducing pain
such as vibrational devices, cognitive and music therapy,
muscle relaxation, or other psychological interventions
[10, 11]. However, clinical application of these alterna-
tives has been limited due to unclear results and lacking
strong evidence.

Lasers have been introduced in dentistry for many
clinical procedures: diagnosis [12], oral surgery [13], cavity
preparation [14], and enamel conditioning [15]. Additionally,
lasers have a great importance in combined surgical/ortho-
dontic procedures, such as exposure of partially erupted teeth
[16], thus reducing blood contamination that would nega-
tively influence appliance efficiency [17, 18]. Finally, lasers
can be applied to obtain photobiomodulation (PBM) [19].
Critically, PBM therapy, also known as Low-Level Laser
Therapy (LLLT), has been shown to reduce pain in vari-
ous fields of dentistry, including orthodontics [8, 20-27].
Hence, attention on this therapy is increasing due to its
advantages in analgesia, biostimulation, and limited
adverse effects [28-31]. Although the underlying mecha-
nism requires further investigations, PBM analgesic action
has been explained by stimulation of nerve cells, stabiliza-
tion of membrane potentials, and release of neurotrans-
mitters in the inflammatory tissue [32-34]. In particular,
it has also been postulated that the effects of PBM on pain
attenuation can be attributed to different aspects: inhibi-
tory effects on nerve depolarization (especially C fibers),
production of energy molecules (ATP), and reduction of
prostaglandin levels [30, 35-37]. In orthodontics, PBM
analgesic effect has generally been applied for postadjust-
ment pain reduction and has been found to diminish
orthodontic pain [7, 9, 10].

The present study was aimed at evaluating the effect of
PBM on pain in patients undergoing band application on
maxillary first molars for orthodontic treatment. Indeed,
metal band insertion, especially in the case of tight dental
contacts, might lead to pressure sensation, bite sensitivity,
and pain to banded teeth [38, 39], due to interproximal space
expansion and associated orthodontic force application.
Moreover, pain during orthodontic treatment usually starts
two hours after the application of orthodontic force, reaches
a peak level at 24 hours, and lasts approximately five days [8,
38, 40, 41]. In this regard, the present study also assessed
whether PBM might modulate the typical temporal course
of orthodontic pain. The objective of the study was to esti-
mate the efficacy over time of PBM compared to the
untreated control group after orthodontic band cementation.
The null hypothesis was that there is no significant difference
between trial and control groups in pain measurements and
questionnaire results.

2. Materials and Methods

Figure 1 shows the participant flow of patients through the
trial. In the present study, there were neither losses nor exclu-
sions after randomization.
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Baseline characteristics of the patients in the two
groups are reported in Table 1. Twenty-six orthodontic
patients (9 M and 17 F), aged between 7.2 and 20 years
(mean age =11.8, SD =3.6), participated in the study. Half
of the sample (N=13; 5 M and 8 F), aged between 7 and
19 years (mean age=11.7, SD =3.7), was assigned to the
control group, and the other half (N=13; 4 M and 9 F),
aged between 7 and 20 years (mean age=11.9, SD =3.7),
was assigned to the trial group. Written informed consent
was obtained from all patients (or patients’ parents/legal
tutors for participants younger than 18 years old).

The following selection criteria were applied:

(i) Presence of mixed or permanent dentition
(ii) Need for orthodontic bands on upper first molars
(iii) Fully erupted upper first molars

(iv) Absence of pathological conditions associated with
teeth, gingiva, or periodontium and good oral
hygiene (gingival index<1, plaque index<1,
probing pocket depth <3mm, and no Clinical
Attachment Level (CAL) loss =0)

(v) Absence of systemic, neurological, or psychiatric
disorders

(vi) Absence of chronic pain

(vii) No systemic medication assumption three days
before

(viii) Absence of oral surgery interventions in the 30 days
before the procedure

(ix) Absence of melanin gingival pigmentations, resto-
rations, or spaces adjacent to the site where the
orthodontic bands need to be inserted

(x) Absence of posterior crowding (no need for elasto-
meric separators)

Patients who met the selection criteria were prospectively
recruited from the Unit of Orthodontics and Paediatric Den-
tistry, Section of Dentistry, Department of Clinical, Surgical,
Diagnostic and Paediatric Sciences, University of Pavia, Italy.
Participants were recruited from 30/01/2019 to 29/10/2019.

2.1. Experimental Design. The present study was a parallel-
group, single-blinded, placebo-controlled, randomized clini-
cal trial with a 1:1 allocation ratio.

The Internal Review Board approved the study design.

No changes to the methods after trial commencement
occurred.

A single examiner (LS) selected patients by administering
an anamnestique questionnaire and performing the clinical
evaluation to ensure that all subjects fulfilled all the inclusion
criteria.

A power analysis based on previous studies [22, 42]
indicated that a sample size of 13 subjects per group would
be required to have 80% power at p < 0.05. Therefore, 13
subjects were enrolled per group.
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FIGURE 1: Participants’ flow.

Randomized sequence was generated with computer
software (R® version 3.1.3, R Development Core Team, R
Foundation for Statistical Computing, Wien, Austria).

In order to ensure equal distribution, all eligible patients
were randomly allocated in either the control or the trial
group by means of the randomization table.

For allocation concealment, the operator that applied the
bands (UMR) was not aware of the allocation group of the
patients. The operator in charge of the laser or placebo (LS)
consulted the randomization list and performed the corre-
sponding procedure. The randomization list was generated
and held securely in a remote location.

For the implementation of the randomization, the alloca-
tion sequence was generated by the first operator (MFES). She
was blinded to clinical visits and measures. The discussion
with the patients explaining study design was performed by
an operator (PG) that was blinded to both clinical measures
and randomization list generation. Another clinician (LS)
enrolled participants and assigned them to the corresponding
group of intervention (laser vs. control) following the ran-
domization list.

The patients were blind to their type of intervention.
Blinding of the operator who performed the procedure (LS)
was not possible.

2.2. Band Placement. A clinician (UMR) from the Unit of
Orthodontics cemented two bands for each participant
(3M, Unitek Molar Bands, Saint Paul, USA) on upper first
molars for a multiband-multibracket orthodontic treatment.

Since posterior crowding and closeness to the adjacent
teeth might cause painful band insertion and require the
application of elastomeric separators [43], we included only
patients with the absence of posterior crowding and second
molars not fully erupted, thus ensuring lack of tight contacts.

2.3. Laser Application. After band placement, participants in
the trial group received one session of PBM therapy, whereas
participants in the control group did not receive any laser
application for pain control.

The device used in this study was a diode laser, GaAlAs
(Ultra Blue IV Plus, DMC Equipamentos, Sao Carlos, Brasile;
A=830+10nm, 150mW, 5s, 7.5]J/cm? spot of 0.1 cm?)
(Table 2). After mucosa drying with an air flow, the laser
was applied in 4 points for each banded molar (2 mm apically
from the gingival margin): on the mesiobuccal (MB), disto-
buccal (DB), mesiopalatal (MP), and distopalatal (DP) por-
tions of the teeth (see Figure 2). The device power was
500 mW, as declared by the producing company; however,
the real power output at the tip was 150+ 10mW as



TaBLE 1: Baseline characteristics of patients in each group.
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TABLE 2: Laser parameters.

Demographic characteristics

Total Trial Control
sample group group
N 26 13 13
Age (mean, SD) 11.8 (3.6) 11.9 (3.7) 11.7 (3.7)
Male (%) 34.6 30.7 38.5
Female (%) 65.4 69.3 61.5
Clinical characteristics
Mean (SD) IE/IS%;I Mean (SD)
. 0.77
Oral plaque index 0.74 (0.21) (0.18) 0.71 (0.24)
. . 0.22
Gingival index 16 0.31 (0.32) (0.30) 0.40 (0.33)
L. . 0.19
Gingival index 26 0.28 (0.31) (0.27) 0.36 (0.33)
. 2.09
Probing pocket depth 16  2.22 (0.43) (0.40) 2.35 (0.43)
. 2.19
Probing pocket depth 26  2.20 (0.31) (0.25) 2.21 (0.37)
Clinical attachment level 0 0 0
16
gi6lm1cal attachment level 0 0 0

measured by the Physics Department of the University of
Pavia through the Ophir power meter (Ophir Photonics,
Jerusalem, Israel). The exposure time for each point was 5
seconds. Laser-related experimental procedures were per-
formed by the same operator (LS).

Participants in both groups were asked to avoid the use of
any drugs during the experimental period (one week); other-
wise, they were excluded from the study.

According to biosafety rules, the patients and the opera-
tor wore safety glasses during laser irradiation and simulated
laser application (control group). For the control group, to
ensure patient blinding, a silicon block was added between
the probe and the laser source in order to prevent laser emis-
sion while recreating the same acoustic sensations of the real
laser intervention.

The main outcome of the present study was the assess-
ment of pain intensity reduction induced by PBM as
compared to a placebo treatment. The secondary outcome
was the evaluation of the PBM protocol on the typical course
of orthodontic pain during time and on the type of pain
through a four-question inventory.

After the intervention, to measure both primary and
secondary outcomes, participants were asked to answer
five Wong-Backer faces pain rating scales (WBS) to assess
pain intensity at different time points: 5 minutes after
band application (T0), after 1 hour (T1), after 12 hours
(T2), after 24 hours (T3), and after 72 hours (T4). WBS
is a paediatric adaptation to conventional visual analogue
scale (VAS) conventionally used to evaluate a patient’s
comfort [44]. The WBS has been used since it has been

Parameters Values
Wavelength (nm) 830+ 10

Spot of the probe (cm?) 0.1

Power output (mW) 150 + 10
Exposure time in each point (s) 5

Energy density for each point (J/cm?) 7.5
Irradiation points for each tooth 4 (MB, DB, MP, DP)
Energy density in each tooth (J/cm®) 30
Application technique In contact
Number of sessions 1

Operation mode Continuous wave

demonstrated to be a validated measure for pain assess-
ment in pediatric patients [45, 46], and it has been used
to evaluate the efficacy of PBM on orthodontic pain [47,
48] (Figure 3). Moreover, a week after the intervention,
to investigate the secondary outcome, patients completed
a modified version of the Harazaki questionnaire [49,
50], composed of four questions: (Q1) “How many hours
after the intervention did the pain start?”; (Q2) “When
did you have the most serious pain?”; (Q3) “When did
the pain disappear?”; and finally, (Q4) patients were asked
to record their type of pain according to five categories of
oral symptoms: (1) no pain, (2) compressive pain from the
appliance, (3) pain when biting firmly but without eating
problems, (4) pain when eating, and (5) spontaneous pain
or pain which prevents eating. Participants who did not
complete all questionnaires and rating scales were
excluded from the analysis and considered dropouts.

There were no outcome changes after trial
commencement.

2.4. Statistical Analysis. Statistical analysis was performed
with R software (R version 3.1.3, R Development Core Team,
R Foundation for Statistical Computing, Wien, Austria).
Descriptive statistics, including the mean, standard devia-
tion, median, and minimum and maximum values, were
calculated for all groups.

The normality of the data was calculated using the
Kolmogorov-Smirnov test. Analysis of variance (ANOVA)
was applied to determine whether significant differences in
WBS values existed among the various groups. The Tukey
test was assessed post hoc.

Concerning the results of questions Q1, Q2, and Q3, a
t-test was applied for each variable. Results of Q4 were
analyzed with the chi-squared test.

Significance for all statistical tests was predetermined
at p<0.05.

3. Results

Descriptive statistics are presented in Table 3. ANOVA
showed the presence of significant differences between the
two groups (p < 0.01). As shown in Figure 4, post hoc Tukey
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FiGure 3: The Wong-Baker faces pain rating scale used in the present report, with the corresponding values of the conventional VAS scores.

TaBLE 3: Descriptive statistics (WBS) of the two groups. *Statistical
significance. Means with the same letters are not significantly
different.

Group Time Mean SD Min Mdn Max Significance®
Control  TO 1.62 126 0.00 2.00 4.00 A
Control Tl 1.77 192 0.00 2.00 5.00 A
Control T2 1.77 2.17 0.00 0.00 6.00 A
Control T3 1.08 1.75 0.00 0.00 6.00 A, CD
Control T4 0.5 055 0.00 0.00 2.00 D
Trial TO 092 132 0.00 0.00 4.00 C
Trial T1 0.77 1.01 0.00 0.00 2.00 C
Trial T2 077 154 0.00 0.00 4.00 C
Trial T3 062 171 0.00 0.00 6.00 C D
Trial T4 031 0.75 0.00 0.00 2.00 D

testing showed that the control group showed the highest
WBS values (p < 0.05) at TO, T1, and T2, with no significant
differences among the three observation times (p >0.05).
WBS scores decreased at T3 and exhibited significantly the
lowest values at T4.

Concerning the trial group, the highest WBS values
(p < 0.05) were shown at T0, T1, and T2, with no significant
differences among the three observation times (p >0.05).
WBS scores decreased at T3 and exhibited significantly the
lowest values at T4.

Additionally, the control group exhibited significantly
higher WBS scores than the trial group at T0, T1, and T2
(p <0.05). No significant differences between the two groups
were reported at T3 and T4 (p > 0.05).

Concerning the four questions (Table 4), QI, Q2, and
Q3 exhibited no significant differences between the control
and trial groups (p > 0.05). On the other hand, Q4 showed
a significant higher score of “2” (compressive pain from

the appliance) for the control group and a greater frequency
of score “1” (no pain) for the trial group (p < 0.05) (Table 5).
In the present study, no harm was reported.

4. Discussion

In the present study, pain intensity induced by band appli-
cation on upper first molars was measured through WBS,
after 5 minutes, 1h, and 12h to test the acute effect of
PBM on instant pain, our primary outcome. Subsequently,
the same measures were collected after 24 and 72h to
cover the peak period. Moreover, a modified version of
the Harazaki and Isshiki questionnaire [49], in line with
prior evidence [41, 50], was also submitted to investigate
the type of pain, when it started, peaked, and disappeared,
which was our secondary outcome.

The null hypothesis (that is, no significant difference
between trial and control groups in pain measurements and
questionnaire results) was partially rejected.

The results about the primary outcome showed that PBM
is able to reduce pain intensity induced by band application
on upper first molars, as shown by lower WBS values for
the trial group as compared to those for the control group.

As regards the secondary outcome, the results demon-
strated that PBM is able to reduce pain intensity during the
first 12 hours after band insertion. Indeed, the trial group
showed lower WBS values 5 minutes, 1 h, and 12 h after force
application, whereas no difference between groups was found
in the follow-up assessments (24 and 72 h after the orthodon-
tic procedure). Critically, PBM did not affect the typical pain
temporal course, as demonstrated by the comparable onset,
peak, and end time of pain reported by the two groups in
Q1, Q2, and Q3. Accordingly, in both groups, the highest
WBS values were shown at T0, T1, and T2, with no differ-
ences among the three observations; WBS scores decreased
at T3 and exhibited the lowest values at T4. Therefore, the
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TaBLE 4: Results of the start, peak, and end of pain in hours.
Code Question Group  Mean SD Min Mdn  Max  Significance
_ o , Control 525  7.86 0.00 1.00  24.00
Q1 How many hours after the intervention did the pain start? . ns
Trial 10.86  26.97 0.00 1.00 72.00
_ , , Control 617 796 0.00 1.00  24.00
Q2 When did you have the most serious pain? . ns
Trial 15.86  26.29 0.00 1.00 72.00
, o Control ~ 22.08 2542 0.00 18.00 72.00
Q3 When did the pain disappear? . ns
Trial 39.57 31.33 1.00 24.00 72.00

lack of difference in WBS values between groups in T3 and
T4 might be attributable to the physiological decrease in pain
in the control group after the first 12 hours, which leads to
comparable values between groups. Concerning the evalua-
tion of pain type (Q4), the control group more frequently
reported the presence of “compressive pain from the appli-
ance,” while the trial group reported “no pain” with a higher
frequency. Hence, PBM therapy might be considered a
promising alternative to decrease general pain intensity,

although not affecting the typical pain cycle, in terms of the
onset, peak, and ending times.

PBM has been recently proposed as a valuable treatment
for orthodontic pain due to its advantages in analgesia, bio-
stimulation, and limited adverse effects [28-31]. The efficacy
of PBM therapy can be influenced by different factors includ-
ing light source, power output, wavelength, spot size, energy
density, mode of operation (continuous or pulsed wave),
time of exposure, application interval, and frequency [51,
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TaBLE 5: Response frequencies of Q4 for both groups.
. . . -, Pain . .
Group Nf) Compressive pain PalI.I when b1.t1ng firmly but when Spon.taneous pain or pain . Significance
pain from the appliance without eating problems cating which prevents eating
Trial ° 5 (38.5%) 1(7.7%) 1(7.7%) 0 (0%) 13
(46.2%) : : : (100%)
1 <0.05
0, 0, 0, 0,
Control ;2o 7 (58.8%) 1 (7.7%) 3 (23%) 1 (7.7%) (100%)

52]. PBM therapy has been demonstrated to be effective in
pain management in several orthodontic procedures, like
separator placement [6, 41, 53], canine retraction [25, 54],
and both initial [50, 55] and final stages [56] of archwire
placement. To date, only one study [38] investigated PBM
efficacy in reduction of pain sensations caused by molar band
placement. However, a direct comparison with this study was
not possible because of the different methodology adopted in
terms of study design (split-mouth vs. placebo-controlled),
number of laser sessions (two vs. one), and time points cho-
sen to measure pain intensity. A placebo-controlled study
design was adopted for this clinical trial, since it has been pre-
viously demonstrated that PBM might induce effects on the
central nervous system with a systemic effect, through
ascending and descending transmission modulation [37,
57], with effects possibly spreading to the nontreated half
mouth. Nevertheless, there is no consensus in the literature
about the best study design for PBM clinical trials, whether
split-mouth [20, 22, 52, 53] or placebo-controlled [41, 50,
51].

It has been demonstrated that orthodontic pain generally
starts at 2 h and peaks at 12-24 h after initial force application
[38, 41]; however, severe pain may occur immediately if an
acute and heavy force, such as a separator or a band, is
applied on teeth [38, 58].

The results of the present study are in line with previous
findings showing the efficacy of PBM in different orthodontic
procedures [38, 53, 55, 59]; nevertheless, other studies did
not report similar results [20, 26, 42]. Controversial evidence
has been also reported for the PBM effect on the pain cycle.
Indeed, although several studies, in line with the present
one, failed to report a PBM-induced modulation of the typi-
cal pain time course [40, 50], other evidence reported oppo-
site results, suggesting that PBM might be able to shift
forward the peak time [49, 51] and anticipate the end of pain
[41, 52]. It is important to note that such discrepant results
might be related to the great variation in study designs and
laser parameters among previous researches. In the present
study, a laser with a wavelength of 830 nm has been used,
since it has been previously demonstrated to have the efficacy
of wavelengths ranging from 670nm to 830nm [38, 53].
Accordingly, wavelength lower than 600nm would be
absorbed by hemoglobin, whereas those above 1150 nm
would be absorbed by water in tissues [19, 60]. Moreover,
an energy density of 7.5]J/cm® was chosen, because PBM
seems to require an energy density between 0.05 and
10J/cm? in fact, values greater than 10J/cm? can lead to a
bioinhibitory effect [19, 60]. Critically, although previous
data reported that the biomodulatory effect seems greater

for exposure times from 30 to 120sec [19, 20, 22], the data
of the present study confirmed prior evidence [38, 61] and
supported the efficacy of shorter PBM exposure time (20 sec-
onds per tooth) in reducing pain after band application.

In the present study, participants in the control group did
not show the typical pain cycle characterized by a peak at 18-
24h after force application. However, band insertion is an
orthodontic procedure causing minimal tooth movements
[43] and probably a consequently different pain cycle and
intensity as compared to other procedures such as separators
or archwire placement.

Lastly, it is worth noting that prior evidence reported that
patients’ pain sensations might depend on individual charac-
teristics such as age and gender that affect the pain threshold
[3, 62] and analgesic treatment outcome. However, prior evi-
dence, investigating pain perception, failed to report any dif-
ference due to age and gender [48, 63, 64]. Nevertheless, our
data do not allow us to draw any definitive conclusion
regarding the influence of age and gender on PBM efficacy
for which future studies might be valuable.

The limitation of the present study might be that a single-
blind design was adopted. Additionally, one single laser
power output has been tested. Generalizability of the present
findings might be limited by the fact that pain intensity was
measured after band application on upper first molars only;
therefore, further studies adopting the same PBM protocol
on different teeth are necessary. Moreover, the recruitment
of younger or older patients might help understand whether
PBM effects are generalizable to patients with different ages.

In conclusion, the present study demonstrated the effi-
cacy of PBM in decreasing pain intensity, especially in the
first 12 hours after upper first molar band application. How-
ever, further double-blind studies with greater sample size
and adopting objective pain measures are necessary to better
define specific parameters in order to recommend PBM as a
routine method for orthodontic pain control.

This trial was not registered.

The protocol was not
commencement.

published before trial

Data Availability

All data are available upon request to the corresponding
author.

Conflicts of Interest

The authors declare that they have no conflicts of interest.



References

(1]

(2]

[9]

(10]

(11]

(12]

(13]

(14]

(15]

H. Merskey, “The taxonomy of pain,” The Medical Clinics of
North America, vol. 91, no. 1, pp. 13-20, 2007.

M. Bergius, A. G. Broberg, M. Hakeberg, and U. Berggren,
“Prediction of prolonged pain experiences during orthodontic
treatment,” American Journal of Orthodontics and Dentofacial
Orthopedics, vol. 133, no. 3, pp. 339.e1-339.e8, 2008.

V. Krishnan, “Orthodontic pain: from causes to management-
a review,” European Journal of Orthodontics, vol. 29, no. 2,
pp. 170-179, 2007.

V. Krishnan and Z. Davidovitch, “Cellular, molecular, and
tissue-level reactions to orthodontic force,” American Journal
of Orthodontics and Dentofacial Orthopedics, vol. 129, no. 4,
pp. 469.e1-469.32, 2006.

F. Farzanegan, S. M. Zebarjad, S. Alizadeh, and F. Ahrari,
“Pain reduction after initial archwire placement in orthodontic
patients: a randomized clinical trial,” American Journal of
Orthodontics and Dentofacial Orthopedics, vol. 141, no. 2,
pp. 169-173, 2012.

C. Nobrega, E. M. K. da Silva, and C. R. de Macedo, “Low-level
laser therapy for treatment of pain associated with orthodontic
elastomeric separator placement: a placebo-controlled ran-
domized double-blind clinical trial,” Photomedicine and Laser
Surgery, vol. 31, no. 1, pp. 10-16, 2013.

S. E. Bird, K. Williams, and K. Kula, “Preoperative acetamino-
phen vs ibuprofen for control of pain after orthodontic separa-
tor placement,” American Journal of Orthodontics and
Dentofacial Orthopedics, vol. 132, no. 4, pp. 504-510, 2007.

O. Polat and A. I. Karaman, “Pain control during fixed ortho-
dontic appliance therapy,” The Angle Orthodontist, vol. 74,
pp. 214-219, 2005.

J. B. Walker and S. M. Buring, “NSAID impairment of ortho-
dontic tooth movement,” The Annals of Pharmacotherapy,
vol. 35, no. 1, pp. 113-115, 2016.

W. D. Lobre, B. J. Callegari, G. Gardner, C. M. Marsh, A. C.
Bush, and W. J. Dunn, “Pain control in orthodontics using a
micropulse vibration device: a randomized clinical trial,” The
Angle Orthodontist, vol. 86, no. 4, pp. 625-630, 2016.

Q. Zheng, L. H. Zhang, L. Huang, G. P. Wang, X. P. Yuan, and
X. M. Xu, “Effects of different psychological interventions on
relieving orthodontic pain in patients with different personal-
ities: a preliminary study,” Shanghai Kou Qiang Yi Xue, vol. 25,
no. 1, pp. 91-96, 2016.

F. B. de Carvalho, A. F. S. Barbosa, F. A. A. Zanin, A. B. Jdnior,
L. S. Junior, and A. L. B. Pinheiro, “Use of laser fluorescence in
dental caries diagnosis: a fluorescence x biomolecular vibra-
tional spectroscopic comparative study,” Brazilian Dental
Journal, vol. 24, no. 1, pp. 59-63, 2013.

M. C. Vitale, M. F. Sfondrini, G. A. Croci et al., “Diode laser-
assisted surgical therapy for early treatment of oral mucocele
in a newborn patient: case report and procedures checklist,”
Case Reports in Dentistry, vol. 2018, Article ID 3048429, 6
pages, 2018.

D. Galafassi, C. Scatena, R. Galo, F. A. Curylofo-Zotti, S. A. M.
Corona, and M. C. Borsatto, “Clinical evaluation of composite
restorations in Er: YAG laser-prepared cavities re-wetting with
chlorhexidine,” Clinical Oral Investigations, vol. 21, no. 4,
pp. 1231-1241, 2017.

M. F. Sfondrini, G. Calderoni, M. C. Vitale, P. Gandini, and
A. Scribante, “Is laser conditioning a valid alternative to con-

(16]

(17]

(18]

(19]

(20]

[21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

BioMed Research International

ventional etching for aesthetic brackets?,” European Journal
of Paediatric Dentistry, vol. 19, no. 1, pp. 61-66, 2018.

L. N. Ize-Iyamu, B. D. Saheeb, and B. E. Edetanlen, “Compar-
ing the 810nm diode laser with conventional surgery in ortho-
dontic soft tissue procedures,” Ghana Medical Journal, vol. 47,
no. 3, pp. 107-111, 2013.

M. F. Sfondrini, S. Gatti, and A. Scribante, “Effect of blood
contamination on shear bond strength of orthodontic brackets
and disinclusion buttons,” The British Journal of Oral & Max-
illofacial Surgery, vol. 49, no. 5, pp. 404-408, 2011.

A. Scribante, M. F. Sfondrini, S. Gatti, and P. Gandini, “Disin-
clusion of unerupted teeth by mean of self-ligating brackets:
effect of blood contamination on shear bond strength,” Medi-
cina Oral, Patologia Oral y Cirugia Bucal, vol. 18, no. 1,
pp. €162-e167, 2013.

E. Merigo, J. P. Rocca, A. L. B. Pinheiro, and C. Fornaini,
“Photobiomodulation therapy in oral medicine: a guide for
the practitioner with focus on new possible protocols,” Photo-
biomodulation, Photomedicine, and Laser Surgery, vol. 37,
Pp. 669-680, 2019.

S. M. Abtahi, S. A. Mousavi, H. Shafaee, and B. Tanbakuchi,
“Effect of low-level laser therapy on dental pain induced by
separator force in orthodontic treatment,” Dental Research
Journal, vol. 10, no. 5, pp. 647-651, 2013.

I. AlShahrani, R. A. Togoo, ]. Hosmani, and A. Alhaizaey,
“Photobiomodulation in acceleration of orthodontic tooth
movement: a systematic review and meta analysis,” Comple-
mentary Therapies in Medicine, vol. 47, article 102220, 2019.
M. Artés-Ribas, J. Arnabat-Dominguez, and A. Puigdollers,
“Analgesic effect of a low-level laser therapy (830 nm) in early
orthodontic treatment,” Lasers in Medical Science, vol. 28,
no. 1, pp. 335-341, 2013.

J. M. Cordeiro, M. G. Sahad, M. F. X. B. Cavalcanti et al., “Laser
photobiomodulation over teeth subjected to orthodontic
movement,” Photomedicine and Laser Surgery, vol. 36,
no. 12, pp. 647-652, 2018.

M. Cronshaw, S. Parker, E. Anagnostaki, and E. Lynch, “Sys-
tematic review of orthodontic treatment management with
photobiomodulation therapy,” Photobiomodulation, Photome-
dicine, and Laser Surgery, vol. 37, no. 12, pp. 862-868, 2019.
G. Doshi-Mehta and W. A. Bhad-Patil, “Efficacy of low-
intensity laser therapy in reducing treatment time and ortho-
dontic pain: a clinical investigation,” American Journal of
Orthodontics and Dentofacial Orthopedics, vol. 141, no. 3,
pp. 289-297, 2012.

R. D. Furquim, R. C. Pascotto, J. Rino Neto, J. R. Cardoso, and
A. L. Ramos, “Low-level laser therapy effects on pain percep-
tion related to the use of orthodontic elastomeric separators,”
Dental Press Journal of Orthodontics, vol. 20, no. 3, pp. 37-
42,2015.

S. M. Ortega, M. L. L. Gongalves, T. da Silva et al., “Evaluation
of the use of photobiomodulation following the placement of
elastomeric separators: protocol for a randomized controlled
clinical trial,” Medicine, vol. 98, no. 43, article €17325, 2019.
J. T. Hopkinsm, T. A. McLoda, J. G. Seegmiller, and G. David
Baxter, “Low-level laser therapy facilitates superficial wound
healing in humans: a triple-blind, sham-controlled study,”
Journal of Athletic Training, vol. 39, pp. 223-229, 2004.

J. M. Bjordal, M. 1. Johnson, V. Iversen, F. Aimbire, and R. A.
Lopes-Martins, “Low-level laser therapy in acute pain: a sys-
tematic review of possible mechanisms of action and clinical



BioMed Research International

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

(42]

(43]

effects in randomized placebo-controlled trials,” Photomedi-
cine and Laser Surgery, vol. 24, no. 2, pp. 158-168, 2006.

N. F. Deana, C. Zaror, P. Sandoval, and N. Alves, “Effective-
ness of low-level laser therapy in reducing orthodontic pain:
a systematic review and meta-analysis,” Pain Research ¢ Man-
agement, vol. 2017, article 8560652, pp. 1-18, 2017.

G. Sun and J. Tunér, “Low-level laser therapy in dentistry,”
Dental Clinics of North America, vol. 48, no. 4, pp. 1061-
1076, 2004.

R. T. Chow, M. A. David, and P. J. Armati, “830 nm laser irra-
diation induces varicosity formation, reduces mitochondrial
membrane potential and blocks fast axonal flow in small and
medium diameter rat dorsal root ganglion neurons: implica-
tions for the analgesic effects of 830 nm laser,” Journal of the
Peripheral Nervous System, vol. 12, no. 1, pp. 28-39, 2007.

R. T. Chow and P. J. Armati, “Photobiomodulation: implica-
tions for anesthesia and pain relief,” Photomedicine and Laser
Surgery, vol. 34, no. 12, pp. 599-609, 2016.

D. Turhani, M. Scheriau, D. Kapral, T. Benesch, E. Jonke, and
H. P. Bantleon, “Pain relief by single low-level laser irradiation
in orthodontic patients undergoing fixed appliance therapy,”
American Journal of Orthodontics and Dentofacial Orthope-
dics, vol. 130, no. 3, pp. 371-377, 2006.

L.R. Chagas, J. A. Silva Jr., ]. de Almeida Pires, and M. S. Costa,
“Expression of mPGES-1 and IP mRNA is reduced by LLLT in
both subplantar and brain tissues in the model of peripheral
inflammation induced by carrageenan,” Lasers in Medical Sci-
ence, vol. 30, no. 1, pp. 83-88, 2015.

J. D. Kingsley, T. Demchak, and R. Mathis, “Low-level laser
therapy as a treatment for chronic pain,” Frontiers in Physiol-
ogy, vol. 5, p. 306, 2014.

K. Mizutani, Y. Musya, K. Wakae et al., “A clinical study on
serum prostaglandin E2 with low-level laser therapy,”
Photomedicine and Laser Surgery, vol. 22, no. 6, pp. 537-
539, 2004.

A. A. Bicakei, B. Kocoglu-Altan, H. Toker, I. Mutaf, and
Z. Sumer, “Efficiency of low-level laser therapy in reducing
pain induced by orthodontic forces,” Photomedicine and Laser
Surgery, vol. 30, no. 8, pp. 460-465, 2012.

M. Jawaid, T. A. Qadeer, and M. F. Fahim, “Pain perception of
orthodontic treatment-a cross-sectional study,” Pakistan Jour-
nal of Medical Sciences, vol. 36, no. 2, pp. 160-165, 2019.

1. P. Martins, R. P. Martins, S. G. F. R. Caldas, A. dos Santos-
Pinto, P. H. Buschang, and H. Pretel, “Low-level laser therapy
(830 nm) on orthodontic pain: blinded randomized clinical
trial,” Lasers in Medical Science, vol. 34, no. 2, pp. 281-286,
2019.

L. Marini, M. L. Bartolucci, F. Bortolotti, G. Innocenti, M. R.
Gatto, and G. Alessandri Bonetti, “The effect of diode super-
pulsed low-level laser therapy on experimental orthodontic
pain caused by elastomeric separators: a randomized con-
trolled clinical trial,” Lasers in Medical Science, vol. 30, no. 1,
pp. 35-41, 2015.

M. M. A. AlSayed Hasan, K. Sultan, and O. Hamadah, “Evalu-
ating low-level laser therapy effect on reducing ortho-dontic
pain using two laser energy values: a split-mouth randomized
placebo-controlled trial,” European Journal of Orthodontics,
vol. 40, no. 1, pp. 23-28, 2018.

M. Davidovitch, S. Papanicolaou, A. D. Vardimon, and
T. Brosh, “Duration of elastomeric separation and effect on
interproximal contact point characteristics,” American Journal

(44]

(45]

[46]

(47]

(48]

[49]

(50]

(51]

(52]

(53]

[54]

(55]

(56]

(57]

of Orthodontics and Dentofacial Orthopedics, vol. 133, no. 3,
pp. 414-422, 2008.

M. E. Sfondrini, P. Gandini, M. Malfatto, F. di Corato,
F. Trovati, and A. Scribante, “Computerized casts for ortho-
dontic purpose using powder-free intraoral scanners: accu-
racy, execution time, and patient feedback,” BioMed
Research International, vol. 2018, Article ID 4103232, 8
pages, 2018.

G. Garra, A. J. Singer, B. R. Taira et al., “Validation of the
Wong-Baker FACES pain rating scale in pediatric emergency
department patients,” Academic Emergency Medicine, vol. 17,
no. 1, pp. 50-54, 2010.

G. Garra, A. . Singer, A. Domingo, and H. C. Thode, “The
Wong-Baker pain FACES scale measures pain, not fear,” Pedi-
atric Emergency Care, vol. 29, no. 1, pp. 17-20, 2013.

K. Dalaie, R. Hamedi, M. J. Kharazifard, M. Mahdian, and
M. Bayat, “Effect of low-level laser therapy on orthodontic
tooth movement: a clinical investigation,” Journal of Dentistry,
vol. 12, no. 4, pp. 249-256, 2015.

G. Guram, R. K. Reddy, A. M. Dharamsi, P. M. S. Ismail,
S. Mishra, and M. D. Prakashkumar, “Evaluation of low-level
laser therapy on orthodontic tooth movement: a randomized
control study,” Contemporary Clinical Dentistry, vol. 9, no. 1,
pp. 105-109, 2018.

M. Harazaki and Y. Isshiki, “Soft laser irradiation effects on
pain reduction in orthodontic treatment,” The Bulletin of
Tokyo Dental College, vol. 38, pp. 291-295, 1997.

A. Tortamano, D. C. Lenzi, A. C. Haddad, M. C. Bottino, G. C.
Dominguez, and J. W. Vigorito, “Low-level laser therapy for
pain caused by placement of the first orthodontic archwire: a
randomized clinical trial,” American Journal of Orthodontics
and Dentofacial Orthopedics, vol. 136, no. 5, pp. 662-667,
2009.

F.J.Li, J. Y. Zhang, X. T. Zeng, and Y. Guo, “Low-level laser
therapy for orthodontic pain: a systematic review,” Lasers in
Medical Science, vol. 30, no. 6, pp. 1789-1803, 2015.

C. Ren, C. McGrath, and Y. Yang, “The effectiveness of low-
level diode laser therapy on orthodontic pain management: a
systematic review and meta-analysis,” Lasers in Medical Sci-
ence, vol. 30, no. 7, pp. 1881-1893, 2015.

L. Eslamian, A. Borzabadi-Farahani, A. Hassanzadeh-Azhiri,
M. R. Badiee, and R. Fekrazad, “The effect of 810-nm low-
level laser therapy on pain caused by orthodontic elastomeric
separators,” Lasers in Medical Science, vol. 29, no. 2, pp. 559-
564, 2014.

F. Heravi, A. Moradi, and F. Ahrari, “The effect of low level
laser therapy on the rate of tooth movement and pain percep-
tion during canine retraction,” Oral Health and Dental Man-
agement, vol. 13, no. 2, pp. 183-188, 2014.

S. Bayani, S. Rostami, F. Ahrari, and I. Saeedipouya, “A ran-
domized clinical trial comparing the efficacy of bite wafer
and low level laser therapy in reducing pain following initial
arch wire placement,” Laser Therapy, vol. 25, no. 2, pp. 121-
129, 2016.

A. Dominguez and S. A. Veldsquez, “Effect of low-level laser
therapy on pain following activation of orthodontic final arch-
wires: a randomized controlled clinical trial,” Photomedicine
and Laser Surgery, vol. 31, no. 1, pp. 36-40, 2013.

M. R. Hamblin, “Mechanisms and applications of the anti-
inflammatory effects of photobiomodulation,” AIMS Biophys-
ics, vol. 4, no. 3, pp. 337-361, 2017.



10

(58]

(59]

[60]

[61]

[62]

(63]

(64]

K. Fujiyama, T. Deguchi, T. Murakami, A. Fujii, K. Kushima,
and T. Takano-Yamamoto, “Clinical effect of CO, laser in
reducing pain in orthodontics,” The Angle Orthodontist,
vol. 78, no. 2, pp- 299-303, 2008.

M. M. Almalla, W. H. Almahdi, and M. Y. Hajeer, “Evaluation
of low level laser therapy on pain perception following ortho-
dontic elastomeric separation: a randomized controlled trial,”
Journal of Clinical and Diagnostic Research, vol. 10, pp. -
7C23-7C28, 2016.

I. I. Huang, S. K. Sharma, J. Carroll, and M. R. Hamblin,
“Biphasic dose response in low level light therapy- an update,”
Dose-Response, vol. 9, no. 4, 2011.

M. A. Esper, R. A. Nicolau, and E. A. Arisawa, “The effect of
two phototherapy protocols on pain control in orthodontic
procedure—a preliminary clinical study,” Lasers in Medical
Science, vol. 26, no. 5, pp. 657-663, 2011.

M. Bergius, S. Kiliaridis, and U. Berggren, “Pain in orthodon-
tics,” Journal of Orofacial Orthopedics, vol. 61, no. 2, pp. 125-
137, 2000.

P. Ngan, B. Kess, and S. Wilson, “Perception of discomfort by
patients undergoing orthodontic treatment,” American Jour-
nal of Orthodontics and Dentofacial Orthopedics, vol. 96,
no. 1, pp. 47-53, 1989.

A. M. E. Erding and B. Dinger, “Perception of pain during

orthodontic treatment with fixed appliances,” European Jour-
nal of Orthodontics, vol. 26, no. 1, pp. 79-85, 2004.

BioMed Research International



	Photobiomodulation and Pain Reduction in Patients Requiring Orthodontic Band Application: Randomized Clinical Trial
	1. Introduction
	2. Materials and Methods
	2.1. Experimental Design
	2.2. Band Placement
	2.3. Laser Application
	2.4. Statistical Analysis

	3. Results
	4. Discussion
	Data Availability
	Conflicts of Interest

