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Objective: The objective of this article was to evaluate the
effect of alpha binaural beat music on pain level after initial
placement of a maxillary fixed appliance, compared to music
without binaural beats (placebo) and no music (control).

Methods: 60 patients undergoing maxillary fixed orthodontic
appliance and initial archwire placement were randomly allo-
cated into the three aforementioned groups. The pain level ex-
perienced was monitored for the following seven days, using
the short-form McGill pain questionnaire (SF-MPQ).

Results / Descriptors: Intensity of both sensory and psycho-
logical aspects of pain reduced significantly in the binaural beat
music (BBM) group, compared to the control, after the 5th day.
Statistically significant lower affective and total pain scores
were also found on day 6 for the placebo group, compared to
the control. Present Pain Intensity (PPI): Statistically significant
lower scores were found between the BBM group and the con-
trol group from days 3 to 7. Statistically significant lower scores
were also found between the placebo and the control groups on
days 4, 5 and 6. Visual Analog Scale (VAS): Compared to the con-
trol group, the placebo group had a lower VAS score on day 4,
and the BBM group had lower scores on days 6 and 7.

Conclusions: There was a significant reduction of pain demon-
strated in the BBM group, compared to the control, toward the end
of the first week of treatment. There was no difference in reported
pain between the BBM and placebo groups for any of the scores.

Keywords: Orthodontic treatment. Pain management. Brainwaves.
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Objetivo: O objetivo deste artigo foi avaliar o efeito da musica
alfa com ritmo binaural sobre o nivel de dor apos a instalacao de
um aparelho fixo superior com arco inicial, em comparac¢ao com
a musica sem ritmos binaurais (placebo) e sem musica (controle).

Metodos: 60 pacientes submetidos a instalacao de aparelho
ortodontico fixo superior e do arco inicial foram alocados alea-
toriamente nos trés grupos acima mencionados. O nivel de dor
experimentado foi monitorado durante os sete dias seguintes,
usando a forma curta do questionario de dor McGill (SF-MPQ).

Resultados: Apos o quinto dia, a intensidade dos aspectos senso-
riais e psicologicos da dor foi significativamente reduzida no gru-
po de musica com ritmo binaural (BBM), em compara¢ao com o
grupo controle. Escores significativamente menores de dor afetiva
e total também foram encontrados no dia 6 para o grupo placebo,
comparado ao controle. Intensidade da Dor Presente (PPI): esco-
res significativamente menores foram encontrados para o grupo
BBM, em comparacao ao grupo controle, nos dias 3 a 7. Escores
significativamente menores também foram encontrados para o
grupo placebo, em comparac¢ao ao grupo controle, nos dias 4, 5 e
6. Escala Visual Analogica (VAS): comparado ao grupo controle, o
grupo placebo teve um escore VAS menor no dia 4, e o grupo BBM
teve escores menores nos dias 6 e 7.

Conclusoes: No final da primeira semana de tratamento, hou-
ve reducao significativa da dor no grupo BBM, em comparac¢ao
ao grupo controle. Nao houve diferenca entre a dor relatada nos
grupos BBM e placebo para qualquer um dos escores.

Palavras-chave: Tratamento ortodontico. Manejo da dor. On-
das cerebrais.
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Orthodontic patients experience some level of discomfort
during treatment, especially in the initial stages of treatment.
Pain has been ranked as the worst aspect of orthodontic treat-
ment, and is the most common reason for people wanting to
discontinue orthodontic treatment.”? Pain is most frequently
reported after bracket bonding and initial archwire insertion.
Patients usually experience peak pain after 24 hours, which
then decreases after 3 days and declines to baseline levels in
the second week.>*

Pharmacological interventions such as non-steroidal anti-in-
flammatory drugs (NSAIDs) are commonly prescribed to alle-
viate pain after initial archwire placement. However, multiple
doses are usually required to cover the discomfort, and there
is a concern regarding the detrimental effect on tooth move-
ment.?®> The current trend is directed towards use of preemp-
tive analgesics, which are administered atleast one hour before
every orthodontic procedure. But the effect of NSAIDs appears
to be transient, with only a significantreductionin painup totwo
hours after treatment, and with no difference after six hours.>®
Non-pharmacological interventions have also been attempted,
and found to be beneficial in reducing pain and distress in
patients undergoing dental procedures.’” For orthodontic pain
reduction, low-level laser therapy, vibratory devices, chewing
adjuncts, brainwave music, cognitive behavioral therapy, and
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post-treatment text messaging have been attempted.®'> Music
appears to have various positive effects on the human brain,
and helps to soothe and relax.' In addition, music therapy was
found to be an effective non-pharmacological approach for
postoperative pain management.'+'®

The development of brainwave entrainment tools proliferated
after Oster’s article!” (1973) on the properties of the binaural
beat: A sound with a steady intensity and frequency is presented
to one ear and another sound with the same intensity but slightly
different frequency presented to the other ear. The brain then
produces pulsations in the amplitude and localization that is the
same with the perceived sounds, which are known as “binaural
beat” or “binaural tone”. The brain generates several waves with
different frequencies. Beta waves (13Hz to 32Hz) are observed
while the patient is awake, and are associated with busy thinking,
focus and alertness. Alpha waves (8Hz to 12Hz) are the bridge
between the conscious and unconscious mind, and helps us to
relax. Theta waves (4Hz to 8Hz) are involved in daydreaming, light
sleep and deep meditation. Delta waves (1Hz to 4Hz) have the
slowest frequencies and are experienced in dreamless sleep.'®
Binaural beats can change the frequency towards a desired
state, by synchronizing its own electric cycles to the same rhythm,
whether favoring relaxation or alertness.™
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Preliminary evidence suggests that brainwave entrainment is
effective in several cognitive domains and can relieve acute and
long-term stress, reduce pain, headaches, migraines and opera-
tive anxiety; and improve behavior, mind wandering and creativ-
ity.’820-2> Only one study® using binaural beats was conducted in
the orthodontic field, in which the authors utilized customized
binaural tones based on an EEG analysis. They concluded that
brainwave music was more effective in managing orthodontic
pain than cognitive behavioral therapy and a control.

Thus, the aim of this study was to evaluate the effect of alpha
binaural beat music on pain after the initial placement of an
orthodonticarchwire, and to compare the pain level with that of
a placebo and a control group. The null hypothesis tested was
that there would be no difference in pain relief after listening
to an alpha binaural beat music following the initial placement
of an orthodontic archwire, compared to the placebo group
and the control group.

This study was a prospective three-arm randomized con-
trolled trial, with a balanced allocation ratio (1:1:1), and was
approved by the Institutional Review Board at the European
University College, Dubai. The sample size was calculated with
a power analysis using the program G*Power 3.%°
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For a type | error rate of 5% and a power of 80%, a sample
of 60 patients was required. The final study sample size con-
sisted of 60 orthodontic patients (23 males, 37 females, with
a mean age of 17.7 = 6.5 years) (Fig 1).

Assessed for eligibility (n= 76)

Excluded (n=16)

» Not meeting inclusion criteria (n=5)
» Declined to participate (n=11)

» Other reasons (n=0)

Randomized (n= 60)

Allocated to intervention (n= 20) Allocated to intervention (n= 20)

» Received allocated » Received allocated intervention
intervention (n= 20) (n=20)

» Did not receive allocated » Did not receive allocated
intervention (n= 0) intervention (n= 0)

Allocated to intervention (n= 20)

» Received allocated
intervention (n= 20)

» Did not receive allocated
intervention (n=0)

Lost to follow-up (n= 0)
Discontinued intervention (n=0)

Analyzed (n= 20)
» Excluded from analysis (n= 0)

Figure 1: CONSORT diagram.

Lost to follow-up (n=0)
Discontinued intervention (n= 0)

Analyzed (n= 20)
» Excluded from analysis (n= 0)

Lost to follow-up (n= 0)
Discontinued intervention (n=0)

Analyzed (n= 20)
» Excluded from analysis (n= 0)
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The patients included in the study were undergoing orthodon-
tic treatment and scheduled for placement of fixed maxillary
appliance. Exclusion criteria were as follows: 1) severe maxil-
lary arch crowding (>8mm) or extractions, 2) previous history of
orthodontic treatment, 3) oral pathology altering pain percep-
tion (pulpitis, periodontitis, oral ulcer), 4) significant medical
history (psychological disorders including anxiety or depres-
sion, hearing problems, attention disorders) or medication
usage affecting pain perception, 5) use of auxiliary appliances
(expansion appliances, bite plates). The study period consisted
of the first week of orthodontic treatment. The mandibular
appliances were placed on completion of the study, or in the
following month.

A simple randomization (lots) was used to assign patients upon
their arrival, in a 1:1:1 ratio, into one of the three following
groups: 1) binaural beat music (BBM) group, 2) plain music pla-
cebo group, and 3) no music control group. A total of 60 cards
were prepared, each containing the letter B, P, or C. The cards
were chosen one by one, and cases allocated to each group
as per the letter sequence. The patients received all the infor-
mation and instructions of the study according to their group
allocation, and an informed consent was obtained from each
patient. All patients were blinded to their group allocation.
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An alpha-wave binaural beat embedded in a lyric-less instrumen-

tal music was produced with Audacity® software. An inaudible 10

Hz binaural beat (of the alpha-range) was created with a frequency
of 440 Hz in one ear and 450 Hz in the other (the audible range
for an adult is between 20 and 20,000 Hz) (Fig 2). The music dura-
tion was empirically set to 5 minutes. The placebo group received

the same music without the binaural beat frequency, while the

control group did not receive any intervention.

4.

Pre-adjusted Edgewise 0.022-in brackets using MBT pre-
scription was used in all patients, combined with 0.014-in
NiTi archwires.

Patients in the music groups were asked to listen to the
music once a day for 7 days. They were instructed to use
earphones or headphones and to listen to the music in
the evening (preferably at the same time every day), sitting
comfortably in a quiet room, eyes closed with the volume
set at their convenience. Thereafter, they completed an
online questionnaire.

The control group was asked only to complete the ques-
tionnaire every day, for 7 days.

All patients were instructed not to take any analgesic drug
during the study period.
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450 Hz - 440 Hz = 10 Hz
Binaural beats inside the brain

Tone inright ear Tone in left ear

Figure 2: lllustration of the binaural beat fabrication.

A link for an online modified short-form McGill pain question-
naire (SF-MPQ) was sent via email to all participants (Fig 3).
The SF-MPQ measures the intensity of sensory and affec-
tive aspects of pain, and has been deemed effective for the
assessment of pain in adolescent orthodontic patients.?”8

Dental Press ] Orthod. 2022;27(6):€2221150
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The questionnaire had three components.

» Part 1 - patients were asked to consider 7 sensory (pressure,
sore, aching, throbbing, tight, pulling, miserable) and 4 affec-
tive (uncomfortable, strange, frustrating, annoying) descriptors,
and rate each on a 4-point severity response scale (0=no pain,
1 =mild pain, 2=moderate pain, and 3 = severe pain). Three pain
scores were derived from the sum of the intensity values for the
sensory, affective and total descriptors, respectively.

@ Name and Surname D @ Slide the cursor along the line to indicate how bad your pain is. The left of

the line means "no pain at all" and the right end means "worst pain
possible" u

No pain Worst pain possible

4

; y ()
@ The words below are sometimes used to explain how your mouth feels St

while you have braces. Choose a column to indicate the level of pain you
feel for each word. u @ Check what best indicates your level of pain right now, Choose ONLY
0 1 2 3 ONE. u
No pain Moderate 0 - No pain

Pressure 1 - Little pain

4 - Horrible pain

5 - Extreme pain

Uncomfortable
Strange
Frustrating
Annoying

Miserable

Figure 3: Online modified short-form McGill pain questionnaire (SF-MPQ).
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» Part 2 - Visual Analogue Scale (VAS): patients were asked to
rate the severity of their pain by sliding the cursor along a line
ranging from “no pain” to “worst pain possible” (graduated
from O mm to 100 mm).

» Part 3 - Present Pain Intensity (PPI): patients were asked to
select their current level of pain on a scale of 0 to 5 (0 = no pain,
1 = little pain, 2 = moderate pain, 3 = bad pain, 4 = horrible pain,
and 5 = extreme pain).

Upon completion of the survey, an email was automatically
generated by the software, to confirm that the task was done.,
In addition, daily SMS reminders were sent to each patient.

Data were collected and analyzed using the Statistical Package
for Social Services (SPSS) software (IMB, Armonk, NY, v. 25.0).
A chi-square test was used to examine the differences in patient
sex between the three groups, while the distribution of age
was compared using ANOVA. Nonparametric methods were
applied, as the assumption of normal distribution was rejected
by the Shapiro-Wilk test. A probability level of p < 0.05 was used
toindicate significant differences. Kruskal-Wallis tests were per-
formed to compare the reported scores between the groups.
Dunn'’s post-hoc test with Bonferroni correction was carried out
on each pair of groups, to determine intergroup differences
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throughout the seven time oints. Wilcoxon signed-rank tests
were used to evaluate intragroup changes in scores as a func-
tion of time.

A total of 60 patients completed the study. No significant dif-
ferences were observed in sex and age distribution among the
three groups (Table 1).

1. Sensory pain - Kruskal-Wallis analysis showed statistically
significant differences for the sensory scores between the
groupsondays5,6and7(p=0.015,p=0.003 and p=0.001
respectively). The result of the post-hoc test showed signifi-
cantly lower sensory scores for the BBM group, compared
to the control group.

Table 1: Sample demographics.

Binaural Beat Music Placebo Control
(n=20) (n=20) (n=20)

Age (years £ SD) 16.3+5.5 16.5+6.0 205+7.4 0.0737
Gender (M:F) 6:14 7:13 10:10 0.400*

TANOVA test results; $Chi-square test results.
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Table 2: SF-MPQ sensory, affective and total pain experience scores over the first 7 days.

Da Binaural Beat Placebo Control Significance between groups '
y Music (n=20) (n=20) (n=20) g group

1 4(2-17) 5(0-11) 4.5 (0-16)
2 6 (2-13) 5.5(0-16) 9(1-19 NS
. 3 4 (0-13) 4.5 (0-14) 7 (1-17) NS
(f;;ﬁr% 4 2 (0-10) 2.5 (0-9) 5.5 (0-19) NS
5 1(0-7) 1(0-9) 4 (0-16) 0.015 Binaural Beat * < Control
6 0 (0-7) 1.5 (0-6) 4.5 (0-11) 0.003 Binaural Beat ** < Control
7 0 (0-3) 0.5 (0-9) 2.5(0-7) 0.001 Binaural Beat *** < Control
1 5.5(0-10) 4 (0-12) 5(0-12) NS
2 5(0-9) 4 (0-12) 6 (0-12) NS
3 2.5(0-8) 2 (0-12) 5(0-10) NS
Affective 4 1.5 (0-5) 1(0-8) 3(0-12) NS
(4 items) 5 1 (0-4) 1.5(0-12) 3.5 (0-8) 0.038 Binaural Beat * < Control
Binaural Beat ** < Control
6 0 (0-4) 0.5 (0-8) 4 (0-7) 0.004 Placebo * < Control
7 0 (0-4) 0 (0-6) 2.5(0-4) 0.017 Binaural Beat * < Control
1 10 (3-27) 9 (0-21) 9.5 (0-28) NS
2 12.5(2-21) 8.5 (0-24) 16 (3-31) NS
3 6.5 (1-21) 7 (0-24) 12.5(2-27) NS
Total 4 3(0-14) 4 (0-14) 9 (0-31) NS
(11 items) 5 1.5 (0-11) 4(0-19) 8 (0-24) 0.014 Binaural Beat * < Control
Binaural Beat *** < Control
6 0.5(0-11) 2 (0-12) 8 (0-16) 0.001 Placebo * < Control
7 0 (0-7) 1(0-13) 4.5 (0-11) 0.001 Binaural Beat *** < Control

Scores are represented as median (range).

aKruskal-Wallis test, performed to compare the scores between the groups.

NS=not significant; 'Dunn’s test with Bonferroni correction, for multiple comparisons between the groups;
*p <0.05. **p < 0.01. ***p < 0.001.
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2. Affective pain - Statistically significant differences were
found between the groups on days 5, 6 and 7 (p =0.038,
p =0.004 and p =0.017 respectively). Compared to the con-
trol group, statistically lower affective scores were found
for the BBM group on these days, and a statistically sig-
nificant lower affective score was found on day 6 for the
placebo group.

3. Total pain experience - Statistically significant differences
were found for the total pain scores between the groups on
days 5, 6 and 7 (p=0.014, p=0.001 and p=0.001 respec-
tively). Compared to the control group, statistically lower
total pain scores were found for the BBM group on these
days, and a statistically significant lower total pain score
was found on day 6 for the placebo group.

The PPl scores were lower for the test and placebo groups
compared to the control group. Statistically significant lower
scores were found between the BBM group and the control
group on days 3, 4, 5, 6 and 7, whereas statistically significant
lower scores were also found between the placebo and the
control groups on days 4, 5 and 6.
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Table 3: Present Pain Intensity (PPI) score over the first 7 days.

2 s FlaceRe COnfo Significance between groups’
Y Music (n=20) (n=20) (n=20) b4 group
NS

1 1 (0-3) 1(0-2) 1 (0-3)

2 1.5 (0-3) 1 (0-5) 2(1-4) NS

3 1(0-2) 1(0-3) 2 (0-5) 0.007 Binaural Beat ** < Control
Binaural Beat ** < Control

4 1 (0-2) 1 (0-2) 2 (0-4) 0.002 Placebo * < Control
Binaural Beat *** < Control

5 0 (0-1) 0.5 (0-3) 1 (0-3) 0.001 Placebo * < Control
Binaural Beat *** < Control

6 0 (0-1) 0 (0-1) 1 (0-2) 0.001 Placebo * < Control

7 0 (0) 0 (0-1) 1(0-2) 0.001 Binaural Beat *** < Control

PPI scores are presented as median (range). ?Kruskal-Wallis test, to compare the scores between the groups.
NS=not significant. 'Dunn’s test with Bonferroni correction, for multiple comparisons between the groups.
*p < 0.05. **p <0.01. ***p < 0.001.

Table 4: Visual Analog Scale (VAS) values over the first 7 days.

Binaural Beat Placebo Control Significance between groups'
Music (n=20) (n=20) (n=20) g group

1 32.7 £+24.9 18.7+16.4  25.8+25.3

2 33.7+215 32+26.9 39.2+244 NS

3 25.9+20.4 219+215 374+253 NS

4 15.9+14.5 13.2+14.7 | 29.1 +20.1 0,023 Placebo * < Control

5 9.4 +10.1 11.9+14.2 21.3+189 NS

6 45+7.8 9.1+11.3  20.9+19.9 0,005 Binaural Beat ** < Control
7 0.8+2.1 6.7+8.5 148+ 154 0,001 Binaural Beat *** < Control

VAS values are presented as mean * standard deviation.

2@ Kruskal-Wallis test result, comparing scores between groups.

NS=not significant; 'Dunn’s test with Bonferroni correction, for multiple comparisons between the groups;
*p < 0.05. **p < 0.01. ***p < 0.001.

The VAS scores significantly differed between the three groups
on days 4 (p=0.023), 6 (p =0.005) and 7 (p =0.001). Pairwise com-
parisons revealed that, compared to the control group, the BBM
group had lower scores on days 6 (p <0.01) and 7 (p =0.001) and
the placebo group had a lower VAS score on day 4 (p <0.05).
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The pain intensity tended to increase between the first and the
second day afterinitial archwire placement, and then decreased
until the end of the week. The three groups followed the same
trend, with differences patterns (Fig 4). From day 1 to day 2,
a statistically significant increase in the VAS score was noted
only in the control group (p <0.05). From day 2 onwards, the
scores started decreasing in all groups. In the BBM group, the
pain intensity decreased progressively from day 2 to day 7
with significant differences (p <0.05) between the time points.

Pain intensity (VAS)

Day 3 Day 4 Day 5

—g—BnauralBeax e=g==Placebo =—g~Control

Figure 4: Intragroup VAS score changes between the time points. * p < 0.05, based on
the Wilcoxon signed-rank test.
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In the placebo group, significant differences (p <0.05) were
noted from day 2 to day 4, and between days 5 and 6 only.
In the control group, significant decreases (p <0.05) in pain
intensity were noted from day 3 to day 5, then the pain inten-
sity plateaued before reaching again a significant decrease at
the end of the week, between days 6 and 7 (p <0.05).

Over the years, many non-pharmacological means were used
in the attempt to reduce the orthodontic discomfort.

Sensory, affective and total pain scores were significantly lower
in the BBM group, compared to the control group, from days 5
to 7, thus rejecting the null hypothesis (Table 2). By exploring
the pain ratings with respect to affective and sensory dimen-
sions, a decrease in both aspects with time can be seen in all
groups: the BBM group displaying the higher improvement,
followed by the placebo and control groups. This shows how
pain is subjective and can be altered by both physiological pro-
cesses and psychological factors.>>?° The affective aspect of
pain is noteworthy, as it describes the perception of an experi-
ence rather than a pure pain feeling, raising the importance on
patient education about what they can expect, and may conse-
quently help in pain management.
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The reduction in pain between the BBM and control groups
was noted only during the second half of the week (Tables 2
and 4). This is in disagreement with the study of Huang et al.®
in which significant differences were found during the first four
days after the appliance placement. This difference may be due
to their use of customized frequency ranges of binaural beats
based on the patients’ electroencephalogram (EEG). The pres-
ent study used a relaxing music in which only an alpha binaural
beat of 10 Hz frequency was embedded.

The PPI scores showed earlier significant decrease of pain
intensity in both the BBM group (from day 3 to 7) and the
placebo group (from day 4 to 6) (Table 3). However, the peak
pain (on day 2) was not reduced significantly, although lower
scores were recorded in both music groups. It is interesting to
note that by the end of the week, patients in the control group
reported some amount of pain (median score of 1 on days 6
and 7), while patients in both the BBM and placebo groups felt
no pain (median score of 0 on days 6 and 7). This gives an
insight on how music in its broad sense could affect pain.

Orthodontic pain peaks at 24h and then gradually decreases
to baseline levels.?>> All three groups followed this trend, albeit
slightly differently. As seen by the VAS scores, only the control
group showed a significantincrease in pain intensity on the first
day, and significant decreases started to be noted not sooner
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than the third day. Interestingly, the BBM group showed a sig-
nificantgradual decrease from day 2 onwards between the time
points, unlike the two other groups, which showed periods of
stagnation. This finding implies that the BBM may have some
additional effect on pain relief, although statistically insignifi-
cant (Tables 2 to 4, Fig 4). Indeed, the soothing effect of music
on the human brain can be observed from the changes in the
alpha brainwave activity, since the alpha brainwave is related
to the relaxed mental state. Alpha waves were selected in the
BBM group and this may have enhanced the alpha activity of
the brain, leading to better results.

Many studies have used auditory alpha range stimulation and
have demonstrated positive effects (mainly on anxiety, pain
and mood enhancement) accompanied by an increase in alpha
power.13243031 Nevertheless, the extent to which a simple audi-
tory stimulus modulates the brain response is still unknown,
and the phenomenon of brain entrainment remains contro-
versial. While some studies found entrainment effects within
short durations of stimulation, others denied binaural beats as
a potential brainwave entrainment.’3233 A recent meta-analy-
sis,** conducted in 2019, suggested that binaural beat exposure
is an effective way to affect cognition, anxiety levels and pain
perception, but relies highly on the exposure time, the moment
of exposure (i.e., before, during and before, and during the
task), and the type of sound used to mask the binaural beat.
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During the whole study period, the placebo and the BBM group
were similar for the most part, and no significant differences
between the two groups was noted, indicating that music alone
could help reduce discomfort and that the BBM used in this
study might have played a limited role in pain reduction.

It was not possible to control the compliance of the patients
in listening to the music as requested, which may have influ-
enced the results. The duration of the exposure of the binaural
beat may have been too short (5 minutes), and longer expo-
sure could have improved results, although patient compliance
could then be reduced. The incorporation of the binaural beat
into the music may have also reduced its effectiveness, as the
frequencies present in the music might have introduced some
interferences with the binaural beat. Lastly, the lack of blinding
of the clinician and statistician may have introduced some bias.

1. There was a significant reduction of pain reported in the
binaural beat music group, compared to the control group,
toward the end of the first week of treatment.

2. Therewasnodifferenceinanyreportedpainscoresbetween
the binaural beat music and placebo groups.
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