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Effect of music at 432 Hz and 440 Hz 
on dental anxiety and salivary cortisol 
levels in patients undergoing tooth 
extraction: a randomized clinical trial

Objective: The aim of this study was to compare the effects of music 
at 432 Hz, 440 Hz, and no music on the clinical perception of anxiety and 
salivary cortisol levels in patients undergoing tooth extraction. Methodology: 
A parallel-group randomized clinical trial was conducted. Forty-two patients 
(average age: 23.8±7.8 years, 27 women) with a moderate level of anxiety 
were distributed in three groups: use of music for 15 minutes at a frequency of 
432 Hz (n=15), at 440 Hz (n=15) and a control group without music (n=12). 
The CORAH Dental Anxiety Scale and salivary cortisol levels, estimated by the 
solid phase enzyme-linked immunosorbent assay (ELISA), were measured 
and compared before and after the music intervention between groups (two-
way ANOVA-Tukey p<0.05, RStudio). Results: Significantly lower anxiety level 
values were observed at 432 Hz (8.7±2.67) and 440 Hz (8.4±2.84) compared 
to the control group (17.2±4.60; p<0.05). The salivary cortisol level at 432 
Hz (0.49±0.37 μg/dL) was significantly lower than 440 Hz (1.35±0.69 μg/
dL) and the control group (1.59±0.7 μg/dL; p<0.05). Conclusion: The use of 
music significantly decreased clinical anxiety levels, and the frequency of 432 
Hz was effective in decreasing salivary cortisol levels before tooth extraction.
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Introduction

Dental care is considered one of the five most 

commonly feared situations and one of the main 

reasons for missing dental appointments.1,2 Music 

therapy has been used as a non-pharmacological 

method to control anxiety3,4 due to its suppressive 

action on the sympathetic nervous system, leading 

to a reduction in both adrenergic activity and 

neuromuscular activation,5,6 thus reducing the patient’s 

anxiety.6,7

In dentistry, the use of music has proven to reduce 

the physiological parameters of anxiety in patients 

during dental cleaning,8 extractions,9,10 endodontic 

treatments,11 and pediatric care.12 One of the most 

objective and simple ways to measure stress and 

anxiety is through salivary cortisol.13 Studies have 

shown that music significantly reduces saliva cortisol 

levels during simulated dental care situations, such as 

showing the patient the carpule syringe needle and 

exposure to a high-speed dental handpiece sound.10 

In this regard, it has been described that music is 

effective in controlling anxiety.11,14 According to the 

International Organization for Standardization (ISO)15, 

the pitch standard established for the musical note A 

is 440 Hz. However, it has been noted that the tones 

of the 440 Hz tuning frequency can be uncomfortable, 

irritating and disagreeable, whereas the intervals and 

tones obtained from the 432 Hz tuning frequency are 

peaceful, pleasant and more harmonious,16 suggesting 

that the A note should be optimally tuned to 432 Hz 

because it exerts less pressure on the singers’ voices 

and has greater musical qualities.17

To date, there have been no reports comparing the 

effect of a type of music with different frequencies to 

control anxiety in patients during dental treatment. 

Considering that the measurement of salivary 

cortisol allows to identify the stress levels of patients 

undergoing dental extractions,18,19 this study aimed 

to evaluate the effect of music at 432 Hz and 440 

Hz, versus no music, on anxiety levels according to 

the CORAH Modified Dental Anxiety Scale (CORAH-

MDAS),20,21 and the salivary cortisol levels of patients 

requiring a simple dental extraction.

Methodology

Study design
A parallel-group randomized clinical trial was 

conducted. The study protocol was reviewed and 

approved by the Scientific Ethics Committee of the 

Health Service in Valdivia, Chile (Ref nº 195/2018). 

The methodology was performed within the 

parameters of the CONSORT22 statement guidelines 

and registered for clinical trials in the ISRCTN registry 

(nº ISRCTN28195632).

Subjects and sample size
We included healthy patients who were ASA I, 

between 15 and 40 years of age, with indication 

of a simple dental extraction, treated in the oral 

surgery section of the Dental Clinic of the Universidad 

Austral de Chile between June and September 2018 

in Valdivia, Chile. Patients with systemic diseases 

that can directly affect the physiological variables 

associated with anxiety were excluded: diabetes, 

immunodepression, high blood pressure, thyroid 

pathology, cardiac diseases, alcoholism, heavy 

smoker (more than 10 cigarettes per day), those 

receiving permanent pharmacological treatment 

with tricyclic antidepressants, anticholinergics, 

benzodiazepines, antihypertensives, synthetic 

glucocorticoids (prednisone and prednisolone) or 

anticonvulsants; as well as pregnant women and 

patients with hearing impairment. Patients who had 

pericoronitis or acute infection of the tooth to be 

extracted at the time of the surgery or ten days prior 

were also excluded. 

The sample size was calculated based on the results 

of the effect of music on salivary cortisol conducted by 

Mejía-Rubalcava, et al.10 (2015). An alpha error of 5%, 

a beta error of 80% and a mean difference of 0.8±0.9 

µg/dL were considered for study groups. According to 

these data, each group determined a minimum number 

of 12 subjects (algorithm “power one mean 1.3 0.5, 

sd(0.9)” Stata/MP v14.0. STATACorp. TX. USA)

Study intervention
Patients who met the inclusion criteria were 

invited to voluntarily participate in the study and they 

accepted by signing an informed consent. To define a 

baseline state of anxiety, a researcher (CA) selected 

patients who presented a moderate or high score of 

anxiety at the CORAH-MDAS 20,21 applied at the time 
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of invitation. To evaluate, with local participants, the 

transcultural language change of the original scale, a 

facial validity analysis was performed on ten patients 

at the University’s dental clinic, directly consulting 

on the understanding and format of the instrument. 

All of them stated that they understood the text, not 

suggesting changes. 

Another blinded researcher (PCA) in charge of the 

statistical data analysis performed simple random 

sampling, according to the sequence of numbers 

randomized by computer that was assigned to each 

patient upon entering the dental extraction service, 

to determine which group the patient belonged to, 

using the “RANDBETWEEN” function in Microsoft Excel™ 

v.2016 (Microsoft Corp., Redmond, WA, USA). The first 

group was subjected to musical stimulation at 432 Hz, 

the second group at 440 Hz, and the third was a control 

group with no musical intervention. This created 

double blinding of both the investigator in charge of 

the results analysis and the study participants.

Salivary cortisol and anxiety measurement
All the interventions and measurements were 

performed between 2 and 4 p.m. to monitor cortisol 

levels according to the circadian cycle.19 Patients 

answered the CORAH-MDAS questionnaire, and a 

saliva sample was taken with the Salivary Cortisol 

Immunoassay Kit (Salivary Cortisol ELISA kit, 

Salimetrics Assays™ , Pennsylvania, USA) and placed in 

a previously sterilized polyethylene container. Based on 

randomization and previous recommendations on the 

use of music in dental surgeries,9 each patient received 

Beats™  Solo 3 Wireless headphones (Copyright™ 

2017 Apple Inc. All rights reserved) with active noise 

control connected to a Bluetooth-enabled audio player. 

Participants were exposed for 15 minutes to music 

played at 432 Hz or 440 Hz depending on the assigned 

group, using for this purpose two songs by Giorgio 

Costantini - 2012 from the album “Universound: 432 

Hz” (retrieved in the 432 Hz23 and 440 Hz24 versions).

The same protocol was used in the control group but 

without music in their headphones. The earphones 

were then removed, and the patient was asked to 

respond the CORAH-MDAS questionnaire a second 

time and a second saliva sample was taken. The 

samples were stored at -20°C for later analysis in the 

Immunology Laboratory of the Universidad Austral de 

Chile Medical School. 

Salivary cortisol analysis
The samples were defrosted and centrifuged at 

3000 rpm for 5 minutes. The cortisol concentration of 

the samples was quantified using an immunoassay kit, 

and validated following the instructions provided by 

the manufacturer. A 2 mL sample of supernatant was 

obtained and placed in a sterile 10 mL polyethylene 

container. The optical density was read on a microplate 

reader at 450 nm (ELx800; BioTeck™  Instruments 

Inc., Vermont, USA). All the samples were analyzed 

in a single step and in duplicate.

Statistical analysis
To evaluate the effectiveness of musical stimulation 

on anxiety and salivary cortisol levels, the three study 

groups were considered an independent variable. 

Dependent variables were the CORAH-MDAS anxiety 

scale and the salivary cortisol levels measured in 

µg/dL. A Shapiro-Wilk test was used to verify data 

normality. To verify the difference between the study 

groups before and after the clinical trial, a two-way 

ANOVA, post-hoc Tukey test was used. Covariance 

analysis and a linear regression model (ANCOVA; 

p<0.05) were used to verify the effect size of the initial 

anxiety and salivary cortisol values on the effect of the 

music on the final measurements. Data were tabulated 

and analyzed using R (R Core Team) with tidyverse25 

and nlme 26 packages.

Results

Forty-two patients were included in the study with 

23.8±7.8 as the average age (range 15 – 40 years; 

64.2% women) randomized in three groups: 432 Hz 

(n=15), 440 Hz (n=15), Control (n=12). No significant 

differences in sex or age were found between the 

groups (Table 1, Figure 1).

A significant reduction in anxiety levels was 

observed according to the CORAH-MDAS in the 432 

Hz and 440 Hz groups (p<0.0001) considering the 

baseline indices prior musical intervention. However, 

no significant changes were observed in the salivary 

cortisol levels with music at 432 Hz, 440 Hz, or the 

Control group (Table 2) (Figures 2 and 3).

The linear regression model showed that the initial 

anxiety (F=41.36; p<0.001) and salivary cortisol 

(F=40.87; p<0.001) levels were significantly lower 

for the final values observed. The effect size of the 
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participants’ initial anxiety levels was 0.58 times 

(95% CI: 0.32-0.78; p<0.001) in the observed result, 

mainly in the control group (coefficient: 7.11; 95% 

CI: 4.8-9.42; p<0.001). The effect size of the initial 

values of salivary cortisol was 0.9 times (95% CI: 

0.7-1.1; p<0.001) in the observed result, mainly in 

the control group (coefficient: 0.45; 95% CI: 0.12-

0.79; p: 0.01). The detail of the effect sizes and their 

statistical significance are in Table 3.

Discussion

This study analyzed the use of music at 432 Hz and 

440 Hz to control anxiety during dental care procedure. 

Results showed that the clinical perception of anxiety 

of the participants in the music intervention groups 

was significantly lower than the control group; and that 

the subjects exposed to music at 432 Hz presented 

significantly lower salivary cortisol levels than the 

control group (p<0.05).

Anxiety caused by dental treatment is a complex 

Study group

Variable 432 Hz (n=15) 440 Hz (n=15) Control (n=12) p value

mean age±SD (in years) 23.2±6.37 23.2±6.37 23.8±8.98 0.11a

Female sex (%) 9 (60) 10 (66.6) 8  (66.6) 0.28b

SD: Standard Deviation; a. One-way ANOVA (p<0.05); b. Chi-squared test (p<0.05)

Table 1- Age and sex according to study group

Figure 1- Flow chart of phases of parallel-group randomized clinical trial

Effect of music at 432 Hz and 440 Hz on dental anxiety and salivary cortisol levels in patients undergoing tooth extraction. A randomized clinical trial
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issue conditioned by personality characteristics, fear of 

pain, past traumatic dental experiences particularly in 

childhood, or the influence of anxious relatives,1,2 which 

manifests as increased anxiety and salivary cortisol 

levels before tooth extractions.19,20 However, music 

has proved to be effective in anxiety control.8-10,12 Di 

Variable Group

432 Hz (n=15) 440 Hz (n=15) Control (n=12)

CORAH-MDAS Anxiety

Initial 16.1±3.75 14.3±4.55 17.8±5.12

Final 8.7±2.67 8.4±2.84 17.2±4.60

Mean difference 7.45 5.91 0.61

p-value 0.001* 0.014* 0,99

Salivary Cortisol (µg/dL)

Initial 0.74±0.45 1.35±0.69 1.44±0.57

Final 0.49±0.37 1.06±0.72 1.59±0.70

Difference 0,249 0,289 -0,151

p-value 0,93 0,87 0,99

*Statistically significant differences as measured by two-way ANOVA (p<0.05)

Table 2- Comparison of variables by groups at the beginning and end according to two-way ANOVA

Figure 2- Score of the Modified CORAH Dental Anxiety Scale by group over time (Two-way ANOVA; *statistical significance p<0.05)

Figure 3- Salivary cortisol measurement by group over time (Two-way ANOVA; *statistical significance p<0.05)
*statistical significance p<0.05)
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Nasso, et al.11 (2016) studied the impact of music at 

432 Hz in patients undergoing endodontic treatment, 

showing that blood pressure and heart rate decreased 

significantly compared to a control group, suggesting 

that music affects the autonomic nervous system, and 

the patient’s musical preference could have a greater 

positive impact  than the operator’s.

The explanation for the effect of music tuned at 

432 Hz for anxiety control could rely on the spectral 

centroid theory,27 which postulates that the musical 

note A=432 Hz contains different or superior sound 

qualities, and details how the perception of a sound can 

be drastically modified when the frequency spectrum 

changes. Our results showed that music at both 432 Hz 

and 440 Hz significantly reduced clinical anxiety levels 

according to the CORAH-MDAS compared to the control 

group; and that emotional response and perception 

of anxiety when using the CORAH-MDAS do not show 

significant differences between musical frequencies 

(432 Hz – 440 Hz). Therefore, the reduction in clinical 

stress awareness is probably linked to the listener’s 

interpretations, his or her associations, and mental 

constructions, rather than to any innate pitch attribute. 

However, regarding the physiological parameter of 

salivary cortisol, we observed that music at 432 Hz had 

significantly smaller concentrations than the control 

group (Figure 3). We found similar results on plasma 

cortisol levels during and three postoperative hours in 

patients undergoing general surgery,28 suggesting a 

physiological explanation because nitric oxide may be 

responsible for reducing anxiety and stress in response 

to music therapy, probably as part of a complex 

interrelationship between emotional centers within the 

central nervous system.29 On the other hand, a report 

by Stefano, et al.30 (2004) showed that there was a 

statistically significant increase in mu opiate receptors 

in mononuclear cells in subjects undergoing pre and 

post-musical intervention,  finding that IL-6 levels were 

significantly lower in peripheral blood plasma samples 

compared to the control group.

The authors define the type of music applied 

in musical medicine studies as “relaxing”, such as 

classical music or music described as “calming for the 

patient”10, the melodies of pianos and guitars,11 latin 

chant and non-musical acoustic control (e.g., sound of 

waves),14 which allow a standardization in the effect of 

anxiety control. A meta-analysis by Pelletier31 (2004) 

concludes that musical stimuli selected arbitrarily 

have a more significant effect on stress reduction than 

music chosen by the patients themselves, because 

they might be associated with an event that induces a 

previously conceived emotion. Therefore, it stimulates 

the patient rather than increase relaxation. Moreover, 

according to the effect of music on physiological 

responses a study by Bradt, et al.4 (2013) suggests 

that listening to music has a small impact on heart rate 

variability, blood pressure and respiratory frequency,  

but more research on this topic is needed. As such, 

the medical professional should adapt the musical 

therapy to the present needs of the patients to provide 

an experience of support, inclusion and acceptance.4

This study’s limitations are related to the lack of 

a previous protocol that clearly indicates the type of 

music, the time and the suitable methods of use to 

conduct clinical trials on the effect of music on anxiety 

control. Also, the possible risk of bias in variables 

inherent to the patient, such as personal taste in 

music, current psychological state or previous anxiety 

experiences during dental treatment may cause 

changes in the results, given the subjectivity in the 

music selection. So, it is necessary to standardize 

these criteria. On the other hand, comparing music 

intervention at different frequencies is somewhat 

controversial, mainly because no other study provides 

a precedent that different frequencies of the same 

musical composition are more pleasant or harmonious. 

Despite these limitations, our study shows the levels of 

anxiety and salivary cortisol before and after musical 

Variable Co-Variable Coefficient (standard error) 95% CI p-value

Final Anxiety Initial Anxiety 0.58  (0.96) 0.38 - 0.78 < 0.001*

432 Hz (base) 440 Hz -0.04  (0.89) -3,71 0,95

Control group 7.11  (1.11) 4.8  - 9.42 <0.001*

Final Cortisol Initial Cortisol 0.91 (0.09) 0.70 - 1.11 < 0.001*

432 Hz (base) 440 Hz 0.0009 ( 1.3) -0,54 0,99

Control 0.45 (0.16) 0.12  - 0.79 0.01*

*Statistically significant differences as measured by linear regression model (p<0.05)

Table 3- Linear regression and co-variable analysis of the patient variables fit to  initial anxiety levels, initial cortisol levels and study group

Effect of music at 432 Hz and 440 Hz on dental anxiety and salivary cortisol levels in patients undergoing tooth extraction. A randomized clinical trial
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intervention at different frequencies, being the first 

report in our area to determine the effectiveness of 

music therapy at varying frequencies to control dental 

treatment anxiety.

Conclusion

Musical intervention at 432 Hz during dental 

treatment proved to reduce salivary cortisol levels in 

comparison to its absence, without showing changes 

in the clinical perception of anxiety in patients. 

Thus, medicine musical therapy can be considered 

a non-invasive, economic, and effective intervention 

to reduce anxiety levels in patients before a dental 

procedure. Future studies should compare other 

musical frequencies, as well as the duration of music 

therapy, type of dental intervention and the use of 

different physiologically sensitivities, such as verbal 

information (warning) before dental procedures.32

Funding
This research did not receive any specific grant 

from funding agencies in the public, commercial, or 

not-for-profit sector.

Conflict of interest
The authors declared no conflict of interest.

Authors Contributions
Aravena, Pedro Christian: Conceptualization 

(Lead); Data curation (Lead); Formal analysis (Lead); 

Investigation (Lead); Methodology (Lead); Project 

administration (Lead); Resources (Lead); Supervision 

(Lead); Validation (Lead); Writing-original draft 

(Lead); Writing-review & editing (Lead); Almonacid, 

Camila: Conceptualization (Equal); Data curation 

(Equal); Investigation (Equal); Methodology (Equal); 

Visualization (Equal); Writing-original draft (Equal); 

Writing-review & editing (Equal); Mancilla, Marcelo 

Ignacio: Conceptualization (Equal); Data curation 

(Equal); Formal analysis (Equal); Methodology 

(Equal); Software (Equal); Validation (Equal); 

Visualization (Equal); Writing-original draft (Equal); 

Writing-review & editing (Equal).

References
1- Al-Namankany A, Souza M, Ashley P. Evidence-based dentistry: 
analysis of dental anxiety scales for children. Br Dent J. 2012;212(5):219-
22. doi: 10.1038/sj.bdj.2012.174
2- Fox M. Complementary therapies in clinical practice. Complement 
Ther Clin Pract. 2005;11(4):221-3. doi: 10.1016/j.ctcp.2005.07.003
3- Yinger OS, Gooding LF. A systematic review of music-based 
interventions for procedural support. J Music Ther. 2015;52(1):1-77. 
doi: 10.1093/jmt/thv004
4- Bradt J, Dileo C, Shim M. Music interventions for preoperative 
anxiety. Cochrane Database Syst Rev. 2013;(6):CD006908. doi: 
10.1002/14651858.CD006908.pub2
5- Chlan L. Effectiveness of a music therapy intervention on relaxation 
and anxiety for patients receiving ventilatory assistance. Heart Lung. 
1998;27(3):169-76. doi: 10.1016/s0147-9563(98)90004-8
6- Gillen E, Biley F, Allen D. Effects of music listening on adult patients’ 
pre-procedural state anxiety in hospital. Int J Evid Based Healthc. 
2008;6(1):24-49. doi: 10.1111/j.1744-1609.2007.00097.x
7- Lai HL, Hwang MJ, Chen CJ, Chang KF, Peng TC, Chang FM. 
Randomised controlled trial of music on state anxiety and physiological 
indices in patients undergoing root canal treatment. J Clin Nurs. 
2008;17(19):2654-60. doi: 10.1111/j.1365-2702.2008.02350.x
8- Thoma MV, Zemp M, Kreienbühl L, Hofer D, Schmidlin PR, Attin T, et 
al. Effects of music listening on pre-treatment anxiety and stress levels 
in a dental hygiene recall population. Int J Behav Med. 2015;22(4):498-
505. doi: 10.1007/s12529-014-9439-x
9- Kim YK, Kim SM, Myoung H. Musical intervention reduces patients’ 
anxiety in surgical extraction of an impacted mandibular third 
molar. J Oral Maxillofac Surg. 2011;69(4):1036-45. doi: 10.1016/j.
joms.2010.02.045
10- Mejía-Rubalcava C, Alanís-Tavira J, Mendieta-Zerón H, Sánchez-
Pérez L. Changes induced by music therapy to physiologic parameters 
in patients with dental anxiety. Complement Ther Clin Pract. 
2015;21(4):282-6. doi: 10.1016/j.ctcp.2015.10.005
11- Di Nasso L, Nizzardo A, Pace R, Pierleoni F, Pagavino G, Giuliani 
V. Influences of 432 Hz music on the perception of anxiety during 
endodontic treatment: a randomized controlled clinical trial. J Endod. 
2016;42(9):1338-43. doi: 10.1016/j.joen.2016.05.015
12- Klassen JA, Liang Y, Tjosvold L, Klassen TP, Hartling L. Music for pain 
and anxiety in children undergoing medical procedures: a systematic 
review of randomized controlled trials. Ambul Pediatr. 2008;8(2):117-
28. doi: 10.1016/j.ambp.2007.12.005
13- Kirschbaum C, Hel lhammer DH. Sal ivary cortisol in 
psychoneuroendocrine research: recent developments and applications. 
Psychoneuroendocrinology. 1994;19(4):313-33. doi: 10.1016/0306-
4530(94)90013-2
14- Thoma MV, Marca RL, Brönnimann R, Finkel L, Ehlert U, Nater 
UM. The effect of music on the human stress response. PLoS One. 
2013;8(8):e70156. doi: 10.1371/journal.pone.0070156
15- International Organization for Standardization. ISO/TC 43 
Acoustics. Acoustic measurements and noise abatement in general: 
Acoustics — Standard tuning frequency (Standard musical pitch) 
[Internet]. ISO 16:1975. [cited 2019 Sept 25]. Available from: https://
www.iso.org/standard/3601.html
16- Russo C, Russo A, Gulino R, Pellitteri R, Stanzani S. Effects of 
different musical frequencies on NPY and Ghrelin secretion in the 
rat hypothalamus. Brain Res Bull. 2017;132:204-12. doi: 10.1016/j.
brainresbull.2017.06.002 
17- Calamassi D, Pomponi GP. Music tuned to 440 Hz versus 432 Hz 
and the health effects: a double-blind cross-over pilot study. Explore 
(NY). 2019;15(4):283-90. doi: 10.1016/j.explore.2019.04.001

ARAVENA PC, ALMONACID C, MANCILLA MI



J Appl Oral Sci.

18- Umeanuka OT, Saheeb BD, Uguru CC, Chukwuneke FN. Evaluation 
of cortisol concentrations in saliva as a measure of stress in patients 
having routine dental extractions. Br J Oral Maxillofac Surg. 
2015;53(6):557-60. doi: 10.1016/j.bjoms.2015.03.011
19- Gadicherla S, Shenoy RP, Patel B, Ray M, Naik B, Pentapati KC. 
Estimation of salivary cortisol among subjects undergoing dental 
extraction. J Clin Exp Dent. 2018;10(2):e116-9. doi: 10.4317/
jced.54369
20- Humphris GM, Morrison T, Lindsay SJ. The Modified Dental Anxiety 
Scale: validation and United Kingdom norms. Community Dent Health. 
1995;12(3):143-50
21- Coolidge T, Hillstead MB, Farjo N, Weinstein P, Coldwell SE. 
Additional psychometric data for the Spanish Modified Dental 
Anxiety Scale, and psychometric data for a Spanish version of the 
Revised Dental Beliefs Survey. BMC Oral Health. 2010;10(1):12. doi: 
10.1186/1472-6831-10-12
22- Campbell MK, Elbourne DR, Altman DG, CONSORT group. 
CONSORT statement: extension to cluster randomised trials. BMJ. 
2004;328(7441):702-8. doi: 10.1136/bmj.328.7441.702
23- Costantini G. Life (432 Hz version) [Internet]. [place unknown]: 
Spotify; 2012 [cited 2019 Sept 25]. Audio: 165 min. Available from: 
https://open.spotify.com/track/4VdPcsCMPFCytv3umGRvxs
24- Costantini G. Life (440 Hz A. R. mastered) [Internet]. [place 
unknown]: Spotify; 2012 [cited 2019 Sept 25]. Audio: 168 min. Available 
from: https://open.spotify.com/track/3focW6XcEsTiI5wSjPcvQG
25- Wickham H, Averick M, Bryan J, Chang W, McGowan LD, et al. 
tidyverse: Easily Install and Load the Tidyverse [Internet]. 2019. 
[cited 2019 Sept 25]. Available from: https://tidyverse.tidyverse.org/

26- Pinheiro J, Bates D, DebRoy S, Sarkar D, R Core Team. nlme: 
Linear and Nonlinear Mixed Effects Models. R package version 3.1-143. 
2019. [cited 2019 Sept 25].   Available from:  https://CRAN.R-project.
org/package=nlme. 
27- Grey JM, Gordon JW. Perceptual effects of spectral modifications 
on musical timbres. J Acoust Soc Am. 1978;63(5):1493-500. doi: 
10.1121/1.381843
28- Leardi S, Pietroletti R, Angeloni G, Necozione S, Ranalletta G, Del 
Gusto B. Randomized clinical trial examining the effect of music therapy 
in stress response to day surgery. Br J Surg. 2007;94(8):943-7. doi: 
10.1002/bjs.5914
29- Salamon E, Kim M, Beaulieu J, Stefano GB. Sound therapy induced 
relaxation: down regulating stress processes and pathologies. Med Sci 
Monit. 2003;9(5):RA96–101.
30- Stefano GB, Zhu W, Cadet P, Salamon E, Mantione KJ. Music alters 
constitutively expressed opiate and cytokine processes in listeners. 
Med Sci Monit. 2004;10(6):MS18-27.
31- Pelletier CL. The effect of music on decreasing arousal due to 
stress: a meta-analysis. J Music Ther. 2004;41(3):192-214. doi: 

10.1093/jmt/41.3.192
32- Gazal G, Tola AW, Fareed WM, Alnazzawi AA, Zafar MS. A 
randomized control trial comparing the visual and verbal communication 
methods for reducing fear and anxiety during tooth extraction. Saudi 
Dent J. 2016;28(2):80-5. doi: 10.1016/j.sdentj.2015.11.001

2020;28:e201906018/8

Effect of music at 432 Hz and 440 Hz on dental anxiety and salivary cortisol levels in patients undergoing tooth extraction. A randomized clinical trial


	_3znysh7
	_2et92p0

