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The effects of alpha binaural beat music and audio-visual information on anxiety
and pain levels in patients undergoing mini-screw application: An in-vivo study

Vikas Thakur'e, Monis Raza'*®, Achint Juneja‘e, Stuti Mohan'®, Nivedita Sharma'®, Swati Sharma*

Dept. of Orthodontics & Dentofacial Orthopaedics, Institute of Dental Studies & Technologies, Ghaziabad, Uttar Pradesh, India.

Abstract

Aim: To assess the impact of audiovisual content and alpha binaural beat music on patients' anxiety and pain during mini-screw implantation.

Materials and Method: A random selection of thirty adult patients undergoing active orthodontic treatment were scheduled for application of mini-screws
for additional anchorage. These patients were divided into three groups at random: Group 1 received audiovisual information and music with an alpha binaural
beat; Group 2 received audiovisual information and music with a normal beat; and Group 3 received neither intervention nor control. Just before the mini-
screw placement procedure, the Spielberger STAI was used to assess the patient's anxiety levels. Following the implantation of a mini-screw, postoperative
pain (PP) was measured using a 100-mm horizontal visual analogue scale (VAS) and the modified short-form McGill pain questionnaire (SF-MPQ). SPSS
v23 was used to analyse data. A 5% (p<0.05) threshold for significance was maintained.

Result: State, trait and total anxiety scores showed statistically non-significant difference. The mean VAS score difference was statistically significant (highest in
group 3and lowest in group 1). Difference in sensory & affective domain score of the three groups were found to be statistically significant (highest in group 3
and lowest ingroup 1).

Conclusion: After a mini-screw is inserted, alpha binaural beat music and audiovisual content can significantly reduce pain, but not anxiety.
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orthognathic surgery, are cited as a major source of anxiety
and are linked to pain expectations.®’ Pharmacological
Anxiety is a significant problem during dental procedures for - jterventions such as NSAIDs are frequently prescribed to
both patients and clinicians.! Patients who experience anxiety  (qjieve pain following the insertion of a mini-screw or
are generally less satisfied with dental care, less cooperative following the initial placement of an arch wire. Usually, it
during procedures, and more likely to miss or cancel  takes several doses to relieve the pain, and there are worries
appointments.** According to surveys, the worst parts of  tpat it may have a detrimental impact on tooth movement.?
orthodontic treatment are pain and the general anxiety that  pyrthermore, the effects of NSAIDs seem to be temporary, as
comes with having a fixed appliance. These are the main there is no change in pain after six hours and only a
reasons why people want to stop their orthodontic treatment.*  jgnificant reduction after two hours.® Pain and distress in
° dental patients have also been successfully reduced by non-
pharmacological interventions that have been tried.°

1. Introduction

Mini-screw anchorage is typically positioned in the
attached gingiva and is required for biomechanical reasons.
Surgical procedures, including mini-screw application and
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For the relief of orthodontic pain, various methods have
been tried, including low-level laser therapy, vibratory
devices, chewing aids, brainwave music, cognitive
behavioural therapy, and post-treatment text messaging.t®
It seems that music has many positive effects on the brain,
including the capacity to calm and relax.'® Additionally, it
was found that music therapy was a successful non-
pharmacological method of managing pain following
surgery.’-1® Brainwave entrainment devices became widely
available after Oster's 1973 article® on the characteristics of
the binaural beat. One ear is exposed to a sound of constant
frequency and intensity, while the other ear is exposed to a
sound of slightly different frequency and intensity.

The resulting pulsations, referred to as "binaural beat" or
"binaural tone," are produced by the brain and have the same
amplitude and localization as the sounds that are perceived.
There has only been one study®? in the field of orthodontics
that used binaural beats. The authors of that study used
binaural tones that were specifically tailored based on an
EEG analysis. They came to the conclusion that when it came
to treating orthodontic pain, brainwave music worked better
than both a control and cognitive behavioural therapy.

Patients' anxiety and stress levels can be lowered by
providing them with information prior to a medical procedure
so they know what to expect.?! Wright et al. found that during
early orthodontic treatment, verbal communication paired
with thorough written information increased patient
compliance but had no impact on patients' anxiety levels
related to the treatment. Srai and colleagues, however,
showed that giving verbal or multimedia-only information
about the bonding process did not substantially lower anxiety
levels.?223

Therefore, the purpose of this study was to assess how
patients' anxiety and pain levels were affected by audiovisual
information and alpha binaural beat music while undergoing
mini-screw application.

2. Materials and Methods

The data (mean VAS score) from an earlier study by Aly AE
et al.%* was used to estimate the sample size. With a 90%
power and a 0.05 a error, the estimated sample size for each
group was nine. We retained the sample sizes at ten per group
to account for possible dropouts.

Based on the requirement for additional anchorage in
the Department of Orthodontics at a Dental Hospital, thirty
patients were chosen at random from among those
undergoing active fixed orthodontic treatment and were
prescribed mini-screw applications. The interradicular space
between the maxillary second premolar and first molar had to
be at least 5 to 6 mm, measured by IOPA using the paralleling
technique, and all teeth had to have a probing depth of less
than 4 mm. Gingival and plaque indices had to be less than
or equal to 1. The exclusion criteria included evidence of

bone loss, systemic disorders, long-term use of any
medication that may affect pain or anxiety, and prior
experience with mini-screw placement.

Prior to the study, participants were informed about the
objectives of the research, the intervention strategies, the
likely risks and benefits, the guarantee of confidentiality for
any information disclosed, and the importance of voluntary
participation. Every patient gave their informed consent, and
the Institute's Ethical Committee gave its ethical approval.
The effects of audiovisual information and alpha binaural
beat music on anxiety and pain levels in patients undergoing
mini-crew application were assessed in this prospective,
randomised controlled trial.

A simple randomization (chit system) was used to
assign patients (total = 30) in a 1:1:1ratio, into one of
the three groups:

1. Group 1: Patients receiving alpha binaural
beat music and audiovisual information.

2. Group 2: Patients receiving normal music
and audiovisual information

3. Group 3: No intervention/ control group

While study participants saw a video of a patient receiving a
mini-screw application accompanied by either normal music
or alpha binaural beat music, control group participants only
heard spoken information.

Under infiltrative local anaesthesia, orthodontists carried out
all procedures using about 2.0 mL, or slightly less than one
quarter of the anaesthetic cartridge. A screwdriver was
carried along with the sterile implant. Without making an
incision or removing any soft tissue from the attached
gingival prior to insertion, self-drilling mini-screws (8 mm
length, 1.5 mm diameter; Rabbit Force System) were inserted
into the posterior buccal inter-radicular region in accordance
with suggested guidelines. Following surgery, no analgesic
or antibiotic prescriptions were given, and patients were
advised to practise proper oral hygiene.

The American Association of Orthodontics and the
American Association of Oral and Maxillofacial Surgeons
recorded a video, which was included with the audiovisual
materials. The duration of the video was 4 minutes and 41
seconds. The mini-screw insertion, topical antisepsis, and
local anaesthetic injection processes were all demonstrated in
the video. The same researcher gave patients audiovisual
information prior to mini-screw application, and during mini-
screw placement, all patients were instructed to close their
eyes and listen to music in accordance with group
distribution. Just before the mini-screw placement procedure,
the Spielberger STAI was used to gauge the patient's level of
anxiety.
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The Oner and LeComptel0-adapted questionnaire was
utilised. The 20 statements on the state anxiety scale (STAI-
S) ask patients about their current feelings. Respondents rate
their level of anxiety on a scale from one ("not at all") to four
("very much so"). In order to gauge how a person typically
feels, the trait anxiety scale (STAI-T) includes 20 questions
with ratings ranging from one (“almost never") to four
("almost always"). Scores for each subscale fall between 20
and 80. Patients were given instructions by the researcher on
how to complete the questionnaire, and each questionnaire
also included written instructions.

Following the implantation of a mini-screw,
postoperative pain (PP) was measured using a 100-mm
horizontal visual analogue scale (VAS) and the modified
short-form McGill pain questionnaire (SF-MPQ). Patients
completed the SF-MPQ by rating each of the four affective
(uncomfortable, strange, frustrating, annoying) and seven
sensory (pressure, sore, aching, throbbing, tight, pulling,
miserable) descriptors on a 4-point severity response scale (0
= no pain, 1 = mild pain, 2 = moderate pain, and 3 = severe
pain). The total intensity values for the sensory, affective, and
total descriptors were added up to create three different pain
scores.

The VAS scale had a range of 0 to 10, where 0
represented "no pain at all"* and 10 represented “the worst
imaginable pain.” Following the insertion of a mini-screw,
patients were instructed to draw a line perpendicular to the
VAS line at the location that best expressed the degree of
their pain.

2.1. Statistical analysis

SPSS v23 software was used to analyse data. A 5% threshold
for significance was maintained. The Shapiro-Wilk test was
used to evaluate the normality of the data. The findings of the
normality assessment indicated that the three variables under
investigation—the SF-MPQ, VAS score, and STAl—all had
a normal distribution. One-way ANOVA was used to
compare the STAI, VAS score, and SF-MPQ between the
three groups; post hoc Tukey was used for pairwise
comparisons.

3. Results

The Spielberger State-Trait Anxiety Inventory (STAI)
revealed that group 3 had the highest state anxiety score,

followed by group 2, and group 1 had the lowest state anxiety
score. Nevertheless, there was no statistically significant
difference between the three groups' state anxiety scores.
Group 1 had the highest trait anxiety score, followed by group
2 and group 3, but there was no statistically significant
difference between the three groups' trait anxiety scores. The
three groups' total anxiety scores were not significantly
different, with group 3 having the highest total anxiety score,
group 2 having the second-lowest, and group 1 having the
lowest total anxiety score.(Table 1)

A statistically non-significant difference in state anxiety
scores was observed between groups 1 and 2, between groups
1 and 3, and between groups 2 and 3. This was revealed by a
pairwise comparison of the STAI scale among the three
groups. The trait variable and total anxiety score showed
similar outcomes (Table 2). Group 3 had the highest mean
VAS score, followed by group 2, and group 1 had the lowest
mean VAS score; this difference was statistically significant.
When the mean VAS score was compared pairwise, it was
found that group 3's VAS score was significantly higher than
group 1's VAS score (p=0.002). (Table 3)

Three groups' responses to the Short-form McGill Pain
Questionnaire (SF-MPQ) were compared. The three groups’
differences in sensory domain scores were statistically
significant, with group 3 having the highest mean score,
group 2 having the second-lowest, and group 1 having the
lowest. Group 3 had the highest mean affective domain score,
followed by group 2, and group 1 had the lowest; there was a
statistically significant difference in the affective scores of
the three groups. Group 2 had the lowest total SF-MPQ score,
while group 1 had the highest; there was a statistically
significant difference between the three groups' total SF-
MPQ scores. (Table 4)

Pairwise comparison of SF-MPQ among three groups
was also done. Mean sensory domain score was significantly
higher in group 3 as compared to group 1 (p=0.001). Mean
affective domain score was significantly lower in group 1 as
compared to group 2 (p=0.006) and group 3 (p<0.001). Total
SF-MPQ score was significantly lower in group 1 as
compared to group 2 (p=0.003) and group 3(p<0.001). Also,
group 3 showed significantly higher total SF-MPQ score than
group2. Three groups did not show a significant difference in
gender distribution. (Table 5)

Table 1: Comparison of Spielberger State-Trait Anxiety Inventory (STAI) among three groups

STAI Group 1 Group 2 Group 3 p-value
Mean SD Mean SD Mean SD

State 25.80 6.02 34.30 12.15 37.10 11.52 0.053

Trait 35.30 6.24 35.00 8.15 33.70 419 0.839

Total anxiety 61.10 10.88 69.30 18.64 70.80 13.09 0.293

One-way ANOVA test
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Table 2: Pairwise comparison of STAI scale among three groups

STAI Group 1 vs Group 2 Group 1 vs Group 3 Group 2 vs Group
3
State 0.173 0.052 0.816
Trait 0.994 0.843 0.893
Total anxiety 0.430 0.912 0.371
Post Hoc Tukey test
Table 3: Comparison of mean VAS score among three groups
Groups Mean SD p-value Pairwise comparison
Group 1 13.20 8.57 Gr 1vs Gr 2:0.364
Group 2 20.90 11.34 0.003* Gr 1 vs Gr 3: 0.002*
Group 3 34.00 16.23 Gr 2 vs Gr 3: 0.066

One-way ANOVA test; Post Hoc Tukey test; * indicates significant difference at p<0.05

Table 4: Comparison of Short-form McGill pain questionnaire (SF-MPQ) amongthree groups

SF-MPQ Group 1 Group 2 Group 3 p-value
Mean SD Mean SD Mean SD

Sensory 10.90 3.21 14.50 4.09 17.30 3.23 0.002*

Affective 5.10 2.69 8.40 2.22 10.20 1.40 <0.001*

Total 16.00 5.03 22.90 3.28 27.50 3.95 <0.001*

One-way ANOVA test; * indicates significant difference at p<0.05

Table 5: Pairwise comparison of SF-MPQ among three groups

SF-MPQ Group 1 vs Group 2 Group 1 vs Group 3 Group 2 vs Group 3
Sensory 0.076 0.001* 0.198
Affective 0.006* <0.001* 0.171
Total 0.003* <0.001* 0.050*

Post Hoc Tukey test; * indicates significant difference at p<0.05

4. Discussion

Dental anxiety is a set of signs of sympathetic hyperfunction
that occur during a dental visit. Orthodontic pain is a common
reaction in both children and adults, increasing dental anxiety
and influencing orthodontic outcomes. Preventing or
managing pain and anxiety is critical for ensuring patient
comfort during treatment.

While pharmaceuticals are the first line of treatment for
orthodontic pain, many non-pharmacological methods have
been used in an attempt to alleviate orthodontic discomfort.
Noninvasive psychotherapeutic management techniques are
always preferred because they help to avoid side effects.
Cognitive-behavioral therapy, music therapy, a pre-operative
video, relaxation techniques, proper breathing techniques,
dietary changes, exercise, aromatherapy, hypnosis, and
massage are some of the methods used. The reviewed clinical
evidence on the aforementioned methods demonstrates the
efficacy of non-pharmacological interventions for the
treatment of preoperative anxiety, allowing them to be used
in patients of various ages, types of disease, and surgery.?

Distraction with audio and videos is a simple non-
pharmacological management technique that directs attention
away from noxious stimuli. Binaural beats, first described by

Dove in 1939, are an auditory illusion that occurs when two
different pure-tone sine waves are presented to each ear at a
constant intensity and frequency.

We conducted this prospective and randomised
controlled trial to determine the effects of alpha binaural beat
music and audiovisual information on anxiety and pain levels
in patients undergoing mini-crew application. In our study,
we used three scales to assess anxiety and pain levels in
patients undergoing mini-implant placement: the SF-MPQ,
the Spielberger State-Trait Anxiety Inventory (STAI), and
the Visual Analogue Scale.

Despite the fact that inter-radicular mini-screw
placement is a simple procedure, patients may be
uncomfortable because it is slightly invasive. We
hypothesised that showing the entire procedure to patients in
an animated video while playing binaural beat music would
reduce anxiety and perceived pain more significantly. As a
result, we assessed state and trait anxiety levels prior to
miniscrew placement, as well as pain levels following
miniscrew placement.

The study group's state and trait anxiety levels were not
significant, even when the STAI scale was compared
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pairwise among three groups. There was no statistically
significant difference in state anxiety score.

Pain perception after mini-screw placement was
assessed in all three groups using the VAS and SF-MPQ
scales. The mean VAS score of the three groups differed
significantly, with group 3 reporting the most pain and group
1 reporting the least. In the SF-MPQ evaluation, both the
sensory and affective aspects revealed significantly higher
pain levels in group 3 than in group 1.

Many studies have used auditory alpha range stimulation
and found positive effects (primarily on anxiety, pain, and
mood enhancement) along with an increase in alpha
power6:26.27-28 \While some studies discovered entrainment
effects after only a short period of stimulation, others rejected
binaural beats as a potential source of brainwave
entrainment.?®31 A 2019 meta-analysis®? found that binaural
beat exposure is an effective way to affect cognition, anxiety
levels, and pain perception, but it is highly dependent on the
exposure time, moment of exposure, and the type of sound
used to mask the binaural beat.Although the results were
insignificant, the lesser anxiety in our test group could be due
to the soothing effect of music on the human brain.

Calik Koseler et al.® conducted a study to assess changes
in patients' anxiety and perceived pain levels after receiving
audiovisual and verbal information about miniscrew
application. They concluded that using an audiovisual
method to inform patients about mini-screw placement
increased anxiety but did not change pain perception. This
contradicts our findings, most likely because the effect of
alpha binaural beat music was not evaluated alongside audio-
visual information in previous studies.

The current study found no statistically significant
difference in anxiety scores between female and male
patients in either group. Farzanegan F and Huang R found
that dental anxiety,®* also known as state anxiety,® is more
common in women. Other studies®®*% have found no link
between gender and dental or state/trait anxiety levels.

This aspect of our study suggests that alpha binaural and
audio-visual can have a significant pain-relieving effect
regardless of gender. One limitation of our study was that the
binaural beat exposure was too short (5 minutes), and a longer
exposure could have improved the results.

5. Conclusions

1. Alpha binaural beat music and audiovisual
information were found to significantly reduce pain
in patients following  mini-screw placement.

2. There was no significant reduction in patient
anxiety levels before mini-screw placement.
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