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Abstract 

Background  Anxiety during oral surgery adversely affects patients’ compliance with treatment and patient–doctor 
cooperation. Therefore, various treatment protocols have been developed to reduce anxiety. This study aimed to eval-
uate the effects of music and white noise on patients’ anxiety and pain during surgery for impacted third molars.  

Methods  According to the Consolidated Standards of Reporting Trials statement, this single-blind, randomized, 
controlled trial with parallel groups involved 66 patients who met the eligibility criteria and were randomly assigned 
to one of three groups. Group 1 listened to preselected songs played against a pre-prepared standard “white noise” 
through noise-isolating headphones that block ambient noise during the procedure. Group 2 listened only to music 
through noise-isolating headphones during the procedure. Group 3 listened to natural ambient noise during the pro-
cedure. All surgical procedures were performed in a standard operating room. All patients completed the State-
Trait Anxiety Inventory-State (STAI-S) form and indicated their anxiety on a Visual Analog Scale (VAS) preoperatively 
and postoperatively. They also indicated the pressure/pain level they felt during the procedure on a VAS. The primary 
predictor variable was the music and white noise intervention. The primary outcome variables were the STAI-S 
and VAS scores. Sex was included as a covariate.

Results  Anxiety VAS scores were significantly lower postoperatively than preoperatively in Groups 1 (p < 0.001), 
2 (p < 0.001), and 3 (p = 0.002). Similarly, STAI-S scores were significantly lower postoperatively than preoperatively 
in Groups 1 (p < 0.001), 2 (p < 0.001), and 3 (p = 0.012). The change in STAI-S scores (p = 0.053) did not differ significantly 
between groups.

Conclusion  Although not statistically significant, listening to music alone or with white noise reduced the anxiety 
experienced by patients during the procedure and increased their comfort. As a simple, inexpensive, and non-invasive 
method, listening to self-selected music in the preoperative and perioperative periods could benefit patients.
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Background
The extraction of impacted third molars is one of the 
most common surgeries in oral and maxillofacial surgery 
practice. Compared to other procedures, tooth extrac-
tion and oral surgical interventions have been reported 
to cause patients the greatest concern [1–3]. Anxiety 
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impairs patients’ treatment adherence and adversely 
affects patient–physician cooperation [4].

Patients usually experience anxiety at a level that 
increases their perception of pain when undergoing sur-
gery. Therefore, achieving excellent perioperative pain 
control is one of the most important goals in dentistry 
[5]. Local anesthesia forms the basis of pain control in 
oral surgery, especially in outpatient procedures [6]. 
When used at low intensity, local anesthesia inhibits C 
fibers and thin and medium-thickness A-δ fibers, block-
ing pain and temperature sensation, but does not affect 
touch, proprioception, and motor functions [7]. There-
fore, while pain is not felt during tooth extractions under 
local anesthesia, tooth pressure and dislocation may be 
felt.

Music therapy has been used since the sixth century, 
making it one of the oldest treatment methods [8]. Many 
studies have shown that music positively affects pain 
and anxiety and improves the quality of life of sick and 
healthy individuals [9–11].

Music is also a very effective stimulus in distracting 
attention from pain. Sound stimulation effectively dis-
tracts patients and provides a cognitive strategy for pain 
control and suppressing the pain response [12, 13]. In 
studies investigating the effects of music on intraopera-
tive sedation requirements in patients undergoing sur-
gery under spinal anesthesia, it has been found that those 
who listened to music of their choice were more relaxed 
and less anxious, and required less intraoperative propo-
fol compared to those who did not listen to music [14, 
15]. Satisfaction was significantly higher among patients 
who underwent surgery while listening to music, and 
most stated that they would like to listen to music again if 
they underwent a similar surgery in the future [9, 15, 16].

White noise comprises a mixture of continuous monot-
onous sounds of diverse frequencies from the environ-
ment, such as trees, waterfalls, or ocean waves [17]. It 
has been used to mask other sounds, treat tinnitus and 
insomnia, and facilitate relaxation [18, 19]. Studies have 
shown that listening to white noise reduced the crying, 
screaming, and awake times of babies with colic com-
pared to before[17, 20].

Many studies have shown that music has favorable 
effects on anxiety and pain and increases the quality of 
life of sick and healthy individuals [9–11]. Studies have 
also shown that white noise reduces pain and anxiety [17, 
19, 21, 22]. Many studies have examined this effect, with 
a few examining it during impacted tooth extraction. 
However, no study has examined the effects of combin-
ing white noise and music during impacted tooth extrac-
tion. Therefore, this study’s primary aim was to evaluate 
the effect of music and white noise on patients’ anxiety 
and pain during the extraction of impacted third molars. 

Its secondary aim was to evaluate the effect of music and 
white noise on pain control. We hypothesized that anxi-
ety and pain levels would be lower among patients who 
listen to music with or without white noise during the 
procedure than among those who listen to ambient noise.

Methods
Participants
This single-blind, randomized, controlled trial with three 
parallel groups was conducted in 2018 in the Depart-
ment of Oral and Maxillofacial Surgery, Faculty of Den-
tistry, Ankara University, and is reported according to the 
Consolidated Standards of Reporting Trials (CONSORT) 
guidelines. It received ethical approval from the Eth-
ics Committee at Ankara University (decision number: 
09/01-18) and was performed according to the Declara-
tion of Helsinki. All subjects provided written informed 
consent during study enrollment.

The inclusion criteria were as follows: impacted man-
dibular third molars, no medical history that could affect 
third molar surgery, no mental health problems, and con-
senting to surgery. The exclusion criteria were as follows: 
pregnancy or lactating, refusal to participate in this study, 
an existing psychiatric disorder, antidepressant or anxio-
lytic drug use, inability to cooperate with the surgery, 
having a disease that could prevent the surgery, a severe 
infection around the impacted third molar, and a prior 
tooth extraction, as it was thought that the good or bad 
experiences of such patients might affect their anxiety.

The primary predictor variable was the perioperative 
music intervention. Two music interventions were con-
sidered: music with white noise and music alone. The 
primary outcome variables were the State-Trait Anxiety 
Inventory-State (STAI-S) score, anxiety measured on a 
Visual Analog Scale (VAS) and pain measured on a VAS. 
Sex was included as a covariate.

This study involved 66 patients who were randomly 
assigned to three groups (n = 22/group) via an online 
randomizer (http://​www.​rando​mizer.​org) that differed in 
what was heard during the surgical procedure, which was 
performed in a standard operating room.

Group 1 listened to a preselected playlist played against 
a pre-prepared standard white noise through head-
phones that prevent ambient noise during the procedure. 
The playlist consisted of popular songs of the time. The 
patient could choose the music they wanted to listen to 
from the playlist using a hand-held tablet.

Group 2 listened to the same preselected playlist with-
out white noise through noise-isolating headphones dur-
ing the procedure. The patient could choose the music 
they wanted to listen to from the playlist using a hand-
held tablet. Group 3 listened to the natural ambient noise 
during the procedure.

http://www.randomizer.org
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The patients completed the STAI-S form and indicated 
their anxiety level on a VAS preoperatively and postop-
eratively. Postoperatively, they also indicated the pain/
pressure they felt during the procedure on a VAS and 
their desire to undergo the procedure again (1 = never, 
2 = maybe/not sure, 3 = willing).

STAI‑S
The STAI-S is a form that assesses a patient’s current anx-
iety level and has shown reliability and validity in Turk-
ish. It evaluates abrupt changes in emotional reactions 
through 20 items that evaluate how the patient currently 
feels, rated on a four-point Likert scale from 1 (not at all) 
to 4 (very much so). Its total score ranges from 20 to 80, 
with higher scores indicating greater anxiety [23].

VAS
The VAS is an ideal measurement tool when words and 
digital data cannot be used. This study used a closed-
ended 10-cm scale (0 = no anxiety, 10 = maximum imagi-
nable anxiety). Subjects were asked to mark their current 
degree of anxiety and perioperative pain on separate VAS 
[24].

Surgical procedure
All patients were given a mouthwash containing chlo-
rhexidine gluconate before the surgery. Before the proce-
dure, all patients received nervus alveolaris inferior block 
anesthesia and buccal infiltrative anesthesia with 2.5% 
articaine hydrochloride (Ultracain D-S Forte Ampoule, 
Sanofi Aventis) containing 1/100,000 epinephrine as a 
local anesthetic. In all three groups, a mucoperiosteal tri-
angular flap was raised to reach the bone, and the tooth 
was removed from the socket using a bein elevator after 
sufficient bone had been removed. The original position 
of the flap was preserved, and the wounds were closed 
primarily using an atraumatic silk suture.

Statistical analysis
The sample size required for this study was estimated 
as at least 22 patients per group, considering a power 
of 0.80, a significance level of 0.05, and a difference of 5 
units, using the G*Power 3.1.9.2 program. The data were 
analyzed using the SPSS Statistics software (version 17.0; 
IBM Corp., Armonk, NY, USA). Unless otherwise stated, 
a p < 0.05 was considered statistically significant. How-
ever, a Bonferroni correction was performed to control 
for type I errors in all multiple comparisons.

The normality of the distribution of discrete 
numerical variables was assessed using the Kolmog-
orov–Smirnov test, and the homogeneity of vari-
ances among groups was assessed using Levene’s test. 
Discrete numerical variables are presented as the 

mean ± standard deviation (SD) or median (25–75th 
percentiles), and categorical variables are presented as 
the number (n; percentage [%]). Ages were compared 
between groups using one-way analysis of variance 
(ANOVA). Discrete numerical variables, which did 
not meet parametric test assumptions, were compared 
between two groups using the Mann–Whitney U test 
and the three groups using the Kruskal–Wallis test. 
If the Kruskal–Wallis test was significant, the groups 
were compared pairwise using Conover’s multiple com-
parison test to determine which drove the difference. 
Categorical variables were compared between groups 
using Pearson’s Chi-square test.

Results
Of the 80 patients examined, 10 patients did not meet the 
inclusion criteria, and 4 patients did not consent to par-
ticipate in the study, leaving 66 who fulfilled the inclusion 
criteria and consented to participate in the study. The 
patient admission process is explained in the flowchart of 
the Reporting Trials Consolidation Standards (Fig. 1).

This study involved 66 patients, of which 42 were 
female and 24 were male. Their age ranged from 18 to 
55  years, and the age distribution did not differ signifi-
cantly between groups (p = 0.605). The sex distribution 
did not differ significantly between groups (p = 0.822; 
Table 1).

As evaluated using a VAS, anxiety levels did not differ 
significantly between groups preoperatively (p = 0.158) 
or postoperatively (p = 0.158). Anxiety levels were sig-
nificantly lower postoperatively than preoperatively in 
Groups 1 (p < 0.001), 2 (p < 0.0010, and 3 (p = 0.002). The 
preoperative to postoperative change in anxiety levels did 
not differ significantly between groups (p = 0.055). The 
subjects’ anxiety levels are presented by group and time 
point in Table 2.

As evaluated using a VAS, preoperative anxiety lev-
els were significantly higher among females than among 
males (p = 0.015).

STAI-S scores did not differ significantly between 
groups preoperatively (p = 0.305) or postoperatively 
(p = 0.645). STAI-S scores were significantly lower post-
operatively than preoperatively in Groups 1 (p < 0.001), 
2 (p < 0.001), and 3 (p = 0.012). The preoperative to post-
operative change in STAI-S scores did not differ signifi-
cantly between groups (p = 0.053). The subjects’ STAI-S 
scores are presented by group and time point in Table 3.

Perioperative pain levels did not differ significantly 
between groups (p = 0.341; Table 4).

Among all cases, no statistically significant correlation 
was found between age and other scoring characteristics 
of the cases (p > 0.05).
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Fig. 1  Flow diagram of study

Table 1  Subjects’ demographic characteristics by group

Group 1(white noise and music), Group 2 (music only), Group 3(ambient noise [control])
† One-way ANOVA
‡ Pearson’s Chi-square test

Group 1 (n = 22) Group 2 (n = 22) Group 3 (n = 22) p-value

Age (years), mean ± SD 22.6 ± 7.2 22.9 ± 5.6 25.0 ± 8.7 0.605†

Sex, n (%) 0.822‡

 Female 15 (68.2%) 13 (59.1%) 14 (63.6%)

 Male 7 (31.8%) 9 (40.9%) 8 (36.4%)
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Discussion
This study examined the effects of music and white noise 
on patients’ current anxiety, pain, and comfort dur-
ing surgery for impacted third mandibular molars. Its 
hypothesis was rejected. Studies have shown that music 
positively affects anxiety and improves patients’ periop-
erative and postoperative quality of life [9–11]. While it 
has been reported that white noise positively affects anxi-
ety, like for music, there is no clear evidence for its ben-
eficial effects during surgery for impacted third molars.

Despite the technical advances in contemporary den-
tistry, strategies for managing anxiety related to dental 
procedures and apprehension about discomfort during 
treatment remain an area of investigation. One study 
investigating the association between anxiety and post-
operative pain in dental procedures found that patients 
with greater anxiety experienced greater surgical and 
postoperative pain [25]. Compared to other procedures, 
tooth extraction and oral surgery have been reported to 
cause patients the greatest concern [3]. Anxiety-reducing 
approaches during dental procedures include providing 
confidence by informing the patient, providing pharma-
cological support by applying premedication or sedation, 

and teaching coping strategies such as distraction, relaxa-
tion, and hypnosis [4]. However, insufficient studies have 
evaluated the joint effects of music and white noise on 
reducing anxiety and pain during tooth extraction.

Various studies have investigated the effect of music 
on anxiety, which is one of the cognitive emotions. These 
studies used the VAS and STAI alone or in combination 
to evaluate the effects of music on patients’ anxiety [23, 
26, 27]. One study using the STAI to assess anxiety in 
dental procedures concluded that it was a highly reliable, 
easy-to-administer, and easy-to-evaluate instrument, 
recommending it to achieve the best balance between 
dental treatment and anxiety, thereby maximizing patient 
satisfaction and oral hygiene [28]. Additionally, the VAS 
is a simple, crude, and widely used measure of anxiety 
that can reliably predict STAI-S scores [26]. Therefore, 
our study used the VAS and STAI-S together.

In this study, STAI-S scores significantly decreased 
from preoperative to postoperative. Many studies evalu-
ating the effect of music on anxiety have reported that 
patients’ STAI scores were significantly lower postopera-
tively [26, 29, 30]. Although it was observed that the clini-
cal postoperative values decreased more than third group 
in group 1 in which white noise and music were listened 
to together, and in group 2, which listened to music only, 
in accordance with these studies, it was determined that 
this decrease was not statistically significant. The current 

Table 2  Subjects’ anxiety levels (VAS) by group and time point

Group 1 (white noise and music), Group 2 (music only), Group 3 (ambient noise 
[control]). Descriptive statistics: mean ± SD or median (25–75th percentile)
† Within-group preoperative and postoperative comparisons were considered 
significant based on a Bonferroni-corrected p-value of < 0.0167 in a Wilcoxon 
signed-rank test
‡ Between-group differences were considered significant based on a Bonferroni-
corrected p-value of < 0.025 (preoperative and postoperative) or < 0.05 
(preoperative to postoperative change) in a Kruskal–Wallis test

Preoperative Postoperative p-value† Change

Group 1 6.0 (1.75–8.00) 1.0 (0–3.00)  < 0.001  − 3 (− 6.00–0)

Group 2 7.0 (4.75–8.00) 2.5 (0.75–4.00) 0.001  − 4 
(− 6.25– − 1.00)

Group 3 4.0 (1.75–7.00) 2.0 (1.00–4.00) 0.002  − 1 (− 4.25–0)

p-value‡ 0.158 0.214 0.055

Table 3  Subjects’ anxiety levels (STAI-S) by group and time point

Group 1 (white noise and music), Group 2 (music only), Group 3 (ambient noise [control])

Descriptive statistics: mean ± SD or median (25th–75th percentile)
† Within-group preoperative and postoperative comparisons were considered significant based on a Bonferroni-corrected p-value of < 0.0167 in a Wilcoxon signed-
rank test
‡ Between-group comparisons were considered significant based on a Bonferroni-corrected p-value of < 0.025 (preoperative and postoperative) in a Kruskal–Wallis 
test: Group 1 vs. 2 (p < 0.001) and Group 1 vs. 3 (p = 0.037)

Preoperative Postoperative p-value† Change

Group 1 47.0 (39.75–53.25) 32.5 (24.00–39.00)  < 0.001  − 14.5 (− 24.25– − 7.50)

Group 2 46.5 (37.00–50.75) 34.0 (25.75–41.00)  < 0.001  − 13.5 (− 19.25– − 1.75)

Group 3 42.0 (31.25–50.25) 34.0 (29.75–41.00) 0.012  − 5.0 (− 14.50– − 0.25)

p-value‡ 0.305 0.645 0.053

Table 4  Subjects’ perioperative pain levels (VAS) by group

Group 1 (white noise and music), Group 2 (music only), Group 3 (ambient noise 
[control])
† Kruskal–Wallis test

VAS

Group 1 1 (0–2.25)

Group 2 1 (0–2.25)

Group 3 2 (1.00–4.00)

p-value‡ 0.341
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study suggested that the decrease in anxiety scores of all 
patients after surgery is related to the relief felt due to the 
cessation of surgical anxiety.

Considering the VAS measurements in this study, post-
operative VAS scores for anxiety decreased significantly 
in all groups. While greater decreases were observed in 
Groups 1 (music and white noise) and 2 (music only) 
than in Group 3 (ambient noise [control]), the differences 
were not significant. In contrast, studies evaluating the 
effects of binaural beats and music on reducing preopera-
tive anxiety in dental procedures found that VAS-based 
anxiety scores decreased in the experimental groups 
[27, 31]. Like our study, Gaberson evaluated the effect of 
music on preoperative anxiety in 46 patients undergoing 
outpatient surgery using a VAS, finding no significant dif-
ference between those who listened to music and those 
who did not [32]. The current study suggests that the 
postoperative decrease in anxiety VAS scores of all sub-
jects is associated with the relief felt due to the cessation 
of surgical anxiety, consistent with the STAI-S scores.

A review of the effects of music interventions on 
patients undergoing biopsy found that VAS pain scores 
decreased after the procedure [26]. In the current study 
found no significant differences in perioperative pain 
levels between groups. Kim et  al. examined how listen-
ing to their favorite music affected patients’ anxiety and 
pain during surgery for impacted third molars, finding no 
significant differences in VAS-based perioperative pain 
measurements between groups [10]. Today, pain is suc-
cessfully controlled during dental surgical procedures 
with local anesthetics when the proper medication and 
dosage are chosen. The current study suggests that there 
was no statistically significant differences in VAS meas-
urements due to the successful application of anesthesia.  

Our study found no significant correlations between 
subjects’ age and anxiety and pain scores. Many fac-
tors affect anxiety with dental procedures. It has been 
reported that the tests used to determine anxiety with 
dental procedures are affected by sociodemographic 
factors such as age, sex, education, oral health, fre-
quency of visiting the dentist, past treatment expe-
riences, and the type and duration of the dental 
procedure [33]. Several studies have examined the rela-
tionship between patients’ anxiety with dental proce-
dures and age [34, 35]. They suggested that there may 
be a relationship between anxiety with dental proce-
dures and age due to patients’ cognitive and emotional 
development. Indeed, the ability to cope with stressful 
situations has been reported to increase with age [36]. 
However, some studies found no relationship between 
age and anxiety. Therefore, it has been argued that fac-
tors other than age influence anxiety, and sociocultural 

differences should also be considered [3, 37, 38]. Stud-
ies evaluating the effect of music on anxiety during 
colonoscopy and endoscopy procedures found that it 
was independent of age [39, 40], consistent with our 
study.

Our study observed greater VAS-based preoperative 
anxiety in females than in males. However, preoperative 
STAI-S scores did not differ significantly between males 
and females. Studies on anxiety have found greater anx-
iety among females than males [41, 42]. Several stud-
ies have attributed this difference to female patients’ 
propensity to be more honest in their responses or 
enhanced ability to articulate their emotions [43, 44].  

This study had some limitations. Firstly, it did not 
examine patients’ vital signs. Anxiety could be assessed 
by measuring parameters such as blood pressure, pulse, 
and oxygen saturation. Secondly, it did not include a 
group in which the procedure was performed in com-
plete silence by wearing headphones that suppress 
ambient noise. Its inclusion would have allowed the 
practitioner to be blinded to the intervention and the 
effects of music, white noise, and ambient noise on 
anxiety to be compared to complete silence.

Conclusion
While our results were not statistically significant, lis-
tening to music with or without white noise reduced 
patients’ anxiety during the procedure and increased 
their comfort. Therefore, in addition to pharmacologic 
methods, it is beneficial for patients to listen to their 
chosen music during the preoperative and periopera-
tive periods as a simple, inexpensive, and non-invasive 
method to reduce anxiety. Further comprehensive stud-
ies with larger sample sizes, with better-standardized 
environments and frequencies of music, and using den-
tal anxiety-specific scales are needed to provide more 
statistically significant results.

Abbreviations
VAS	� Visual analog scale
STAI	� Spielberger’s state-trait anxiety inventory
STAI-S	� STAI-state anxiety inventory
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