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Abstract 

Music is useful for relieving anxiety; however, its impact on autonomic nervous sys-

tem activity and circulatory dynamics during tooth extraction surgery under intrave-

nous sedation is unclear. We conducted a prospective randomized controlled trial 

to compare the effects of music listening on circulatory dynamics and autonomic 

nervous system activity during the extraction of impacted mandibular third molars 

under intravenous sedation. We hypothesized that music listening combined with 

intravenous sedation would enhance stress reduction. In this randomized controlled 

trial, 34 women aged 20–40 years were assigned to a music or control group. 

Patients in the music group listened to music during tooth extraction under intra-

venous sedation. Autonomic nervous system activity, heart rate, and systolic blood 

pressure were assessed in both groups. Statistical significance was set at p < 0.05. 

Systolic blood pressure and autonomic nervous system activity were not significantly 

different between the two groups. However, the heart rate during the separation of 

the tooth crown, extraction, and suturing was significantly lower in the music group 

than in the control group (p < 0.05). Within-group systolic blood pressure comparisons 

showed significant differences during treatments between the groups. Intraoperative 

music listening may enhance the stress-reducing effects of intravenous sedation, as 

auditory intervention attenuates blood pressure variability and increments in heart 

rate even when the level of consciousness is reduced by sedation. The combination 

of intravenous sedation and music listening may be useful for reducing stress during 

dental treatment.
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http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0325038&domain=pdf&date_stamp=2025-05-28
https://doi.org/10.1371/journal.pone.0325038
https://doi.org/10.1371/journal.pone.0325038
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0000-6233-3896
mailto:kaorun@dent.kagoshima-u.ac.jp
https://clinicaltrials.gov/study/UMIN%20000054970


PLOS One | https://doi.org/10.1371/journal.pone.0325038  May 28, 2025 2 / 11

Introduction

Dental treatment can cause changes in autonomic nervous system (ANS) function 
and circulatory dynamics due to dental noise, pain, anxiety, and tension, leading to 
medical emergencies, such as abnormal hypertension and vasovagal reflexes [1,2]. 
Nonpharmacologic interventions, such as listening to music and verbal communica-
tion, as well as pharmacologic interventions with sedatives have been used to reduce 
these risks [3–5]. Listening to classical music during dental treatment may stabilize 
ANS and circulatory dynamics while relieving anxiety and tension [6].

In previous studies, classical music has been widely used to relax patients during 
dental treatment and has been shown to significantly reduce patient anxiety [7–9]. 
Furthermore, classical music is thought to influence physiological and psychological 
responses [10–15].

Furthermore, intravenous sedation (IVS) during dental treatment is thought to 
decrease the level of consciousness and produce an anxiolytic effect [16–18]. Tooth 
extractions, especially impacted mandibular third molar extractions, are stressful 
procedures for patients [19–21].

We previously reported that sedation or listening to music during extraction of an 
impacted mandibular third molar can decrease sympathetic nervous system (SNS) 
activity [22,23]. However, the specific effects of listening to music during sedation on 
ANS activity and circulatory dynamics remain unclear. Therefore, we hypothesized 
that listening to music, combined with IVS, would enhance stress reduction. In this 
study, we analyzed ANS activity and circulatory dynamics with the aim of investi-
gating the usefulness of the combination of listening to music and IVS during tooth 
extraction.

Materials and methods

Ethics approval

This study was approved by the Kagoshima University Hospital Clinical Research 
Ethics Review Committee (No. 180047) and adhered to the Consolidated Standards 
of Reporting Trials 2010 guidelines. Written informed consent was obtained from all 
patients. The study was conducted in accordance with the Declaration of Helsinki on 
Medical Protocols and Ethics. The study design (Fig 1) was a randomized controlled 
trial (prospective, randomized, open, blinded end-point study). Our study followed the 
model described by Yamashita et al. in 2019 [22]. The trial was registered with the 
UMIN Clinical Trials Registry (Clinical Trial Registration Number: UMIN 000054970).

Study design and patient recruitment

Forty women aged 20–40 years scheduled for extraction of impacted mandibular 
third molars between December 2019 and November 2021 at Kagoshima University 
Hospital were enrolled in the study. The required sample size was calculated using 
G*Power software [24] by performing power analysis (α = 0.05, β = 0.2), using Mann–
Whitney U test, and considering an effect size of 1. The effect size was calculated 
based on LF/HF values from our previous study [22].
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As the required sample size was 34 participants, the number of participants was set at 40 to account for possible drop-
outs. Patients were randomly assigned to either a music or control group (n = 17 each) using the envelope technique. The 
department of biostatistics randomized and prepared the envelopes; the study authors had no access to the randomiza-
tion codes. The examiners and surgeons were blinded to the patient group allocation. At the start of the session, a dentist 

Fig 1.   Consolidated Standards of Reporting Trials study design and CONSORT checklist. Local, local anesthetic injection; separation, tooth 
crown separation; extraction, extraction of the impacted mandibular third molar.

https://doi.org/10.1371/journal.pone.0325038.g001

https://doi.org/10.1371/journal.pone.0325038.g001
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not involved in the measurements fitted all patients with active noise-canceling headphones before the surgeon began 
treatment. The headphones’ active noise-canceling mode was turned on in the music group but not in the control group.

The exclusion criteria were diabetes, tobacco use, cardiovascular disease, diseases affecting the ANS, and prescription 
drug use [22,25–27]. Patients were instructed to avoid consumption of caffeine-containing beverages 24 h before the start 
of the procedure and to refrain from engaging in exercise and special diets for 6 h before the procedure [25–28].

Study protocol

In the music group, patients listened to music during IVS; in the control group, they did not listen to music. Fig 2 shows 
the study protocol. Each patient sat in a semi-Fowler’s position on a dental chair in a noiseless clinic room maintained at 
24 °C [25]. Heart rate (HR), HR variability (HRV), systolic blood pressure (SBP), and oxygen saturation were monitored 
during treatment. Pretreatment anxiety levels were assessed using the Modified Dental Anxiety Scale (MDAS) and the 
State-Trait Anxiety Inventory (STAI) [22]. The respiratory rate was measured silently at regular intervals during treatment.

A 22-G catheter was inserted into a vein in the left dorsal hand, and Ringer’s acetate solution was administered via 
infusion. Patients were instructed to rest with their eyes closed until the start of treatment. Midazolam (0.05 mg/kg) and 

Fig 2.  Study protocol. Local, local anesthetic injection; separation, tooth crown separation; extraction, extraction of the impacted mandibular third 
molar. BIS, bispectral index; HR, heart rate; HRV, heart rate variability; BP, blood pressure.

https://doi.org/10.1371/journal.pone.0325038.g002

https://doi.org/10.1371/journal.pone.0325038.g002
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propofol were then administered to achieve a bispectral index (BIS) of 70–80. Propofol doses were adjusted to maintain 
the BIS within this range during treatment. Before starting the treatment, the first 5 min of resting measurements, when the 
BIS fell to 70–80 under IVS, were used as control values [3,23,29]. All patients wore headphones throughout the periop-
erative period for data collection. Patients in the music group listened to a specific piece of music (Symphony No. 2 in 
E minor, Op. 27: 3rd movement Adagio, by Sergei Rachmaninoff) [22]. The local anesthetic used was 2% lidocaine with 
1:80,000 epinephrine. All extractions were performed by an oral–maxillofacial surgical specialist to ensure standardized 
surgical conditions and procedures and manage patients’ stress levels [22].

Sedation levels

Sedation levels were assessed using the BIS (70–80) and the Observer’s Assessment of Alertness/Sedation (scores 1–2) 
via a BIS monitor (Nihon Kohden, Tokyo, Japan) [16,18].

ANS activity and circulation

To minimize the effects of circadian rhythms, we started conducting assessments at 14:00. HR and SBP were measured 
throughout the study; MemCalc-Makin2 software (GMS, Tokyo, Japan) was used for HRV analysis [9,21,29–35]. The 
power spectrum of heartbeat intervals was classified using frequency analysis into low (LF: 0.04–0.15 Hz) or high frequen-
cies (HF: 0.15–0.4 Hz). LF is mediated by the SNS and parasympathetic nervous system, whereas HF is mediated only 
by the parasympathetic nervous system. Thus, the LF/HF ratio served as an SNS index and HF as a parasympathetic ner-
vous system index [30]. SBP was assessed noninvasively every 2 min during the study.

Questionnaire

Psychological testing was performed preoperatively using the MDAS and STAI. The STAI-State scale (STAI-S) assesses 
a transient situational response to “how I feel right now” for an anxiety-provoking event, whereas the STAI-Trait scale 
(STAI-T) assesses a relatively stable response tendency to an anxiety-provoking experience, such as “how I usually feel” 
in general. MDAS scores ≥19 are associated with “strong” dental phobia, whereas STAI-S scores ≥41 for men and ≥42 for 
women and STAI-T scores ≥44 for men and ≥45 for women are associated with “high” phobia.

Statistical analyses

HRV and circulation data are expressed herein as ratios to resting measurements (control values) at specific time points 
(administration of local anesthesia, incision and flap reflection, bone removal, separation of tooth crown, and extraction). 
Data were analyzed using GraphPad Prism (version 6; GraphPad Software, La Jolla, CA, USA).

Changes in the control and music groups at each treatment (within-group) were tested using the Friedman test, with the 
Steel–Dwass test used for post-hoc tests, and comparisons between the control and music groups at each treatment were 
performed using the Mann–Whitney U test. The threshold for statistical significance was set at p < 0.05.

Results

Four patients declined to participate and two were excluded because they subsequently received additional treatment 
(Fig 1). In total, 34 patients were randomly assigned to the control or music group (Fig 2). No significant differences were 
observed in age, height, weight, amount of local anesthetic used, duration of surgery, duration of anesthesia, or psycho-
logical test results between the groups (Table 1).

Additionally, no significant differences were observed in the LF/HF ratio or HF values during tooth extraction between 
the groups (Figs 3a, b). However, the HR was significantly lower in the music group than in the control group during 
separation of the tooth crown, extraction, and suturing (p < 0.05). No significant differences were observed in HR during 
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surgery between the groups. During incision and flap reflection, the HR was significantly higher in the music group than in 
the control group (p < 0.05), but it was significantly lower in the music group during suture than at rest (p < 0.05). The HR 
during suturing was also significantly lower than during the administration of local anesthesia (p < 0.01; Fig 3c).

SBP did not significantly differ between groups (p < 0.05), although within-group comparisons showed significant differ-
ences between treatments. In the control group, the SBP during suturing was significantly lower than at rest and during 
bone removal (p < 0.01). Furthermore, SBP was significantly higher during extraction than during incision and flap reflec-
tion (p < 0.01). In the music group, SBP was significantly lower during suturing than during bone removal (p < 0.05; Fig 3d).

Discussion

The main finding of this study is that auditory intervention attenuates blood pressure variability and increments in HR, 
even during sedation, indicating that IVS enhances the intraoperative stress reduction effects of intraoperative sedation. 
Tooth extraction compresses the periodontal ligament and has a stimulating effect on the body [36]. In the present study, 
music listening attenuated the variability in blood pressure and HR increases during tooth extraction and may contribute to 
reducing the onset of medical emergencies.

Lee et al. and Harikumar et al. reported this effect during colonoscopy [37,38]. In general, classical music is widely 
used to help patients relax during dental procedures [7,16], and it is thought to influence physiological and psycho-
logical responses [8,11–13,15,16]. In the present study, we used classical music composed by Rachmaninoff that has 
been shown to reduce SNS activity and anxiety during the extraction of impacted mandibular third molars [22]. Fur-
thermore, a meta-analysis reported that listening to music reduces postoperative pain and anxiety, even under general 
anesthesia, indicating that brain regions responsible for hearing may still perceive music [39]. In the present study, we 
tested whether listening to music decreased SNS activity in sedated patients, as in our previous study, although these 
changes were not captured. A previous meta-analysis reported that the effects of music listening on pain and anxiety 
during general anesthesia are weaker than during consciousness [39]. Therefore, the effects of music may be more 
readily captured in the awake state. Sedatives also decrease HRV parameters [30,40–42], which may affect the ability 
to capture changes [17,43].

Although it is generally recognized that ANS activity and circulatory dynamics, such as HR, are related, under spe-
cial circumstances, such as general anesthesia and sedation, anesthetics may disrupt the correlation between ANS and 
HRV by disrupting central nervous system integration processes and information transfer between the central nervous 
system and target organs [16]. Therefore, ANS variability was likely not detected in the present study owing to effects of 
the anesthetic. When interpreting HRV data, factors such as the ability of the brain’s neuromodulatory centers to receive 

Table 1.   Clinical characteristics of the patients.

Control (n = 17) Music (n = 17) Total (n = 34) 95% CI p-value

Age (y) 26.35 ± 3.16 25.53 ± 2.96 25.94 ± 3.04 24.92–26.96 0.38

Height (cm) 159.7 ± 4.61 160.02 ± 3.97 159.54 ± 4.35 158.43–161.28 0.74

Weight (kg) 53.35 ± 8.84 50.28 ± 4.5 51.82 ± 7.08 49.44–54.2 0.26

Local anesthesia (mL) 4.49 ± 0.79 4.26 ± 1.07 4.38 ± 0.93 4.06–4.69 0.38

Operation time (min) 44.65 ± 10.69 42.53 ± 13.61 43.59 ± 12.1 39.52–47.65 0.67

MDAS scores 12 ± 4.3 10.76 ± 4.79 11.38 ± 4.53 9.86–12.91 0.31

STAI-S scores 46.65 ± 7.83 42.82 ± 11.36 44.74 ± 9.8 41.44–48.03 0.12

STAI-T scores 54.18 ± 8.89 57.35 ± 9.92 55.76 ± 9.41 52.6–58.93 0.39

Data are presented as the mean±standard deviation. MDAS, STAI-S, and STAI-T scores are baseline values. MDAS, Modified Dental Anxiety Scale; 
STAI-S, State–Trait Anxiety Inventory-State; STAI-T, State–Trait Anxiety Inventory-Trait; CI, confidence interval. Statistical analysis: Mann–Whitney U 
test, p < 0.05

https://doi.org/10.1371/journal.pone.0325038.t001

https://doi.org/10.1371/journal.pone.0325038.t001
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Fig 3.  Comparisons between and within groups. (a) Comparisons of LF/HF ratios. (b) Comparisons of HF component during tooth extraction. (c) 
Comparisons of HR during tooth extraction. Comparison between groups: control (vs. music) † p < 0.05. Comparison within groups: control *p < 0.05, 
**p < 0.01. (d) Comparisons of SBP during tooth extraction. Comparison within groups: *p < 0.05, **p < 0.01. Friedman and Steel–Dwass tests were used 
for intra-group comparisons; Mann–Whitney U test used for inter-group comparisons. Data presented as mean and standard error of mean. LF, low 
frequency; HF, high frequency; HR, heart rate; HRV, heart rate variability; SBP, systolic blood pressure.

https://doi.org/10.1371/journal.pone.0325038.g003

https://doi.org/10.1371/journal.pone.0325038.g003


PLOS One | https://doi.org/10.1371/journal.pone.0325038  May 28, 2025 8 / 11

and integrate information from peripheral receptors, the ability of sympathetic and vagal rhythms to reach the heart, and 
the responses of end organs to neuromodulation might explain the lack of correlation between HR and ANS activity [25]. 
Hence, the lack of correlation between HR and ANS activity in this study can be attributed to multiple factors as well 
as the effects of anesthetics. In the current study, HR was significantly lower during tooth crown separation, extraction, 
and suturing in the music group than in the control group. This aligns with findings of previous randomized clinical trials 
examining the effects of music during endodontic treatment, which reported significantly lower HR in music groups than in 
control groups [44].

For the determination of the necessary sample size, this study used a power of 0.8, a common value used in similar 
studies. Calculations were performed using effect sizes calculated from previous reports, and the sample size was set at 
34. However, a smaller effect size for the same power may limit the generalizability of the results because of the larger 
sample size required. While a smaller effect size would require a larger sample size, as in a previous study [17], we set 
the effect size to 1 for this study based on a previous study conducted at our institution [23].

The main limitation of this study is the slight difficulty in interpreting the data because sensitivity to music is suppressed 
under sedation. However, we believe that the findings of this study, considering previous intervention studies using IVS or 
music alone, are valid given the reproducibility of the results [23,24]. Future research should include not only HRV data 
but also use other devices that measure ANS activity as well as other indicators to make a comprehensive determination. 
In the present study, the target patients were limited to women 20–40 years of age; however, ANS activity differs between 
men and women and, moreover, can vary between age groups. Therefore, to eliminate as many confounding factors 
as possible, this study was limited to patients of one sex and age range. Although only one piece of music was used to 
ensure consistency between conditions, music with faster tempos has been shown to increase SNS activity [45]; thus, the 
results obtained here may not be generalizable to studies using other genres of music or patient-preferred music.

Conclusion

In summary, listening to music attenuated blood pressure fluctuations and HR changes even when the patient’s level 
of consciousness was reduced by sedation, indicating that IVS may be effective in reducing intraoperative stress. Fur-
thermore, the combination of IVS and music listening may be useful in reducing stress during dental treatment. Further 
studies are needed to investigate these effects with other types of music or with patient-preferred music. The findings of 
this study may inform other surgeries requiring sedation, and further research is warranted.

Supporting information

S1 Checklist.   CONSORT_checklist.
(PDF)

S1 Protocol.   Clinical Research Protocol 1 ver.
(DOCX)

Author contributions

Conceptualization: Kaoru Yamashita, Toshiro Kibe, Akari Uto, Shusei Yoshimine, Mitsutaka Sugimura.

Data curation: Kaoru Yamashita, Toshiro Kibe, Akari Uto, Shusei Yoshimine, Minako Uchino.

Formal analysis: Kaoru Yamashita, Toshiro Kibe, Akari Uto, Shusei Yoshimine.

Funding acquisition: Kaoru Yamashita.

Investigation: Kaoru Yamashita, Toshiro Kibe, Akari Uto, Shusei Yoshimine.

Methodology: Kaoru Yamashita, Toshiro Kibe, Akari Uto, Shusei Yoshimine, Minako Uchino, Mitsutaka Sugimura.

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0325038.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0325038.s002


PLOS One | https://doi.org/10.1371/journal.pone.0325038  May 28, 2025 9 / 11

Project administration: Kaoru Yamashita, Akari Uto, Shusei Yoshimine, Minako Uchino.

Resources: Kaoru Yamashita, Akari Uto, Shusei Yoshimine, Minako Uchino.

Software: Kaoru Yamashita, Akari Uto, Shusei Yoshimine, Minako Uchino.

Supervision: Kaoru Yamashita, Toshiro Kibe, Mitsutaka Sugimura.

Validation: Kaoru Yamashita, Akari Uto, Shusei Yoshimine, Mitsutaka Sugimura.

Visualization: Kaoru Yamashita, Toshiro Kibe, Akari Uto, Shusei Yoshimine, Minako Uchino, Mitsutaka Sugimura.

Writing – original draft: Kaoru Yamashita, Akari Uto, Shusei Yoshimine.

Writing – review & editing: Kaoru Yamashita, Toshiro Kibe.

References
	 1.	 Rashad A, Smeets R, Rana M, Bohluli B. Extraction bradycardia: a pilot case-crossover study. Head Face Med. 2013;9:29. https://doi.

org/10.1186/1746-160X-9-29 PMID: 24456612

	 2.	 Southerland JH, Gill DG, Gangula PR, Halpern LR, Cardona CY, Mouton CP. Dental management in patients with hypertension: challenges and 
solutions. Clin Cosmet Investig Dent. 2016;8:111–20. https://doi.org/10.2147/CCIDE.S99446 PMID: 27799823

	 3.	 Montebugnoli L, Servidio D, Miaton RA, Prati C. Heart rate variability: a sensitive parameter for detecting abnormal cardiocirculatory changes 
during a stressful dental procedure. J Am Dent Assoc. 2004;135(12):1718–23. https://doi.org/10.14219/jada.archive.2004.0125 PMID: 15646606

	 4.	 Kim Y-K, Kim S-M, 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. https://doi.org/10.1016/j.joms.2010.02.045 PMID: 20708320

	 5.	 Mojtabavi H, Saghazadeh A, Valenti VE, Rezaei N. Can music influence cardiac autonomic system? A systematic review and narrative synthesis 
to evaluate its impact on heart rate variability. Complement Ther Clin Pract. 2020;39:101162. https://doi.org/10.1016/j.ctcp.2020.101162 PMID: 
32379689

	 6.	 Umemura M, Honda K. Influence of music on heart rate variability and comfort--a consideration through comparison of music and noise. J Hum 
Ergol (Tokyo). 1998;27(1–2):30–8. PMID: 11579697

	 7.	 Bradt J, Teague A. Music interventions for dental anxiety. Oral Dis. 2018;24(3):300–6. https://doi.org/10.1111/odi.12615 PMID: 27886431

	 8.	 Ozkalayci O, Araz C, Cehreli SB, Tirali RE, Kayhan Z. Effects of music on sedation depth and sedative use during pediatric dental procedures. J 
Clin Anesth. 2016;34:647–53. https://doi.org/10.1016/j.jclinane.2016.07.001 PMID: 27687464

	 9.	 Lahmann C, Schoen R, Henningsen P, Ronel J, Muehlbacher M, Loew T, et al. Brief relaxation versus music distraction in the treatment of dental 
anxiety: a randomized controlled clinical trial. J Am Dent Assoc. 2008;139(3):317–24. https://doi.org/10.14219/jada.archive.2008.0161 PMID: 
18310736

	10.	 Menon V, Levitin DJ. The rewards of music listening: response and physiological connectivity of the mesolimbic system. Neuroimage. 
2005;28(1):175–84. https://doi.org/10.1016/j.neuroimage.2005.05.053 PMID: 16023376

	11.	 Salimpoor VN, Benovoy M, Larcher K, Dagher A, Zatorre RJ. Anatomically distinct dopamine release during anticipation and experience of peak 
emotion to music. Nat Neurosci. 2011;14(2):257–62. https://doi.org/10.1038/nn.2726

	12.	 Li Y, Dong Y. Preoperative music intervention for patients undergoing cesarean delivery. Int J Gynaecol Obstet. 2012;119(1):81–3. https://doi.
org/10.1016/j.ijgo.2012.05.017 PMID: 22795881

	13.	 Lin L-C, Ouyang C-S, Chiang C-T, Wu R-C, Wu H-C, Yang R-C. Listening to Mozart K.448 decreases electroencephalography oscillatory power 
associated with an increase in sympathetic tone in adults: a post-intervention study. JRSM Open. 2014;5(10):2054270414551657. https://doi.
org/10.1177/2054270414551657 PMID: 25383198

	14.	 Gordon D, Heimberg RG, Tellez M, Ismail AI. A critical review of approaches to the treatment of dental anxiety in adults. J Anxiety Disord. 
2013;27(4):365–78. https://doi.org/10.1016/j.janxdis.2013.04.002 PMID: 23746494

	15.	 Lee K-C, Chao Y-H, Yiin J-J, Chiang P-Y, Chao Y-F. Effectiveness of different music-playing devices for reducing preoperative anxiety: a clinical 
control study. Int J Nurs Stud. 2011;48(10):1180–7. https://doi.org/10.1016/j.ijnurstu.2011.04.001 PMID: 21565344

	16.	 Win NN, Fukayama H, Kohase H, Umino M. The different effects of intravenous propofol and midazolam sedation on hemodynamic and heart rate 
variability. Anesth Analg. 2005;101(1):97–102, table of contents. https://doi.org/10.1213/01.ANE.0000156204.89879.5C PMID: 15976213

	17.	 Tsugayasu R, Handa T, Kaneko Y, Ichinohe T. Midazolam more effectively suppresses sympathetic activations and reduces stress feelings during 
mental arithmetic task than propofol. J Oral Maxillofac Surg. 2010;68(3):590–6. https://doi.org/10.1016/j.joms.2009.07.034 PMID: 19959271

	18.	 Sawaguchi K, Matsuura N, Ichinohe T. Comparison of the Effect of Electrical Stimulations on the Chin Skin on Autonomic Nervous Activities During 
Propofol Sedation With or Without Midazolam. J Oral Maxillofac Surg. 2016;74(9):1751.e1-6. https://doi.org/10.1016/j.joms.2016.03.040 PMID: 
27180023

https://doi.org/10.1186/1746-160X-9-29
https://doi.org/10.1186/1746-160X-9-29
http://www.ncbi.nlm.nih.gov/pubmed/24456612
https://doi.org/10.2147/CCIDE.S99446
http://www.ncbi.nlm.nih.gov/pubmed/27799823
https://doi.org/10.14219/jada.archive.2004.0125
http://www.ncbi.nlm.nih.gov/pubmed/15646606
https://doi.org/10.1016/j.joms.2010.02.045
http://www.ncbi.nlm.nih.gov/pubmed/20708320
https://doi.org/10.1016/j.ctcp.2020.101162
http://www.ncbi.nlm.nih.gov/pubmed/32379689
http://www.ncbi.nlm.nih.gov/pubmed/11579697
https://doi.org/10.1111/odi.12615
http://www.ncbi.nlm.nih.gov/pubmed/27886431
https://doi.org/10.1016/j.jclinane.2016.07.001
http://www.ncbi.nlm.nih.gov/pubmed/27687464
https://doi.org/10.14219/jada.archive.2008.0161
http://www.ncbi.nlm.nih.gov/pubmed/18310736
https://doi.org/10.1016/j.neuroimage.2005.05.053
http://www.ncbi.nlm.nih.gov/pubmed/16023376
https://doi.org/10.1038/nn.2726
https://doi.org/10.1016/j.ijgo.2012.05.017
https://doi.org/10.1016/j.ijgo.2012.05.017
http://www.ncbi.nlm.nih.gov/pubmed/22795881
https://doi.org/10.1177/2054270414551657
https://doi.org/10.1177/2054270414551657
http://www.ncbi.nlm.nih.gov/pubmed/25383198
https://doi.org/10.1016/j.janxdis.2013.04.002
http://www.ncbi.nlm.nih.gov/pubmed/23746494
https://doi.org/10.1016/j.ijnurstu.2011.04.001
http://www.ncbi.nlm.nih.gov/pubmed/21565344
https://doi.org/10.1213/01.ANE.0000156204.89879.5C
http://www.ncbi.nlm.nih.gov/pubmed/15976213
https://doi.org/10.1016/j.joms.2009.07.034
http://www.ncbi.nlm.nih.gov/pubmed/19959271
https://doi.org/10.1016/j.joms.2016.03.040
http://www.ncbi.nlm.nih.gov/pubmed/27180023


PLOS One | https://doi.org/10.1371/journal.pone.0325038  May 28, 2025 10 / 11

	19.	 Oosterink FMD, de Jongh A, Aartman IHA. What are people afraid of during dental treatment? Anxiety-provoking capacity of 67 stimuli characteris-
tic of the dental setting. Eur J Oral Sci. 2008;116(1):44–51. https://doi.org/10.1111/j.1600-0722.2007.00500.x PMID: 18186731

	20.	 Sirin Y, Humphris G, Sencan S, Firat D. What is the most fearful intervention in ambulatory oral surgery? Analysis of an outpatient clinic. Int J Oral 
Maxillofac Surg. 2012;41(10):1284–90. https://doi.org/10.1016/j.ijom.2012.06.013 PMID: 22832662

	21.	 Le SH, Tonami K, Umemori S, Nguyen LT-B, Ngo LT-Q, Mataki S. The potential of heart rate variability for exploring dental anxiety in mandibular 
third molar surgery. Int J Oral Maxillofac Surg. 2018;47(6):809–15. https://doi.org/10.1016/j.ijom.2018.01.019 PMID: 29478845

	22.	 Yamashita K, Kibe T, Ohno S, Kohjitani A, Sugimura M. The Effects of Music Listening During Extraction of the Impacted Mandibular Third Molar 
on the Autonomic Nervous System and Psychological State. J Oral Maxillofac Surg. 2019;77(6):1153.e1-1153.e8. https://doi.org/10.1016/j.
joms.2019.02.028 PMID: 30902602

	23.	 Uchino M, Yamashita K, Kibe T, Shidou R, Kohjitani A, Sugimura M. Effects of intravenous sedation on autonomic nerve activity and the psycholog-
ical state during tooth extraction: a prospective non‐randomized controlled trial. Oral Sci Int. 2021;18:135–40.

	24.	 Faul F, Erdfelder E, Lang A-G, Buchner A. G*Power 3: a flexible statistical power analysis program for the social, behavioral, and biomedical sci-
ences. Behav Res Methods. 2007;39(2):175–91. https://doi.org/10.3758/bf03193146 PMID: 17695343

	25.	 Tanaka M, Nishikawa T. Effects of nitrous oxide on baroreflex gain and heart rate variability. Acta Anaesthesiol Scand. 2004;48(9):1163–7. https://
doi.org/10.1111/j.1399-6576.2004.00493.x PMID: 15352963

	26.	 Kanaya N, Hirata N, Kurosawa S, Nakayama M, Namiki A. Differential effects of propofol and sevoflurane on heart rate variability. Anesthesiology. 
2003;98(1):34–40. https://doi.org/10.1097/00000542-200301000-00009 PMID: 12502976

	27.	 Okushima K, Kohjitani A, Asano Y, Sugiyama K. Inhalational conscious sedation with nitrous oxide enhances the cardiac parasympathetic com-
ponent of heart rate variability. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2008;106(6):e1-5. https://doi.org/10.1016/j.tripleo.2008.08.020 
PMID: 19000603

	28.	 Galletly DC, Tobin PD, Robinson BJ, Corfiatis T. Effect of inhalation of 30% nitrous oxide on spectral components of heart rate variability in con-
scious man. Clin Sci (Lond). 1993;85(4):389–92. https://doi.org/10.1042/cs0850389 PMID: 8222503

	29.	 Heart rate variability: standards of measurement, physiological interpretation and clinical use. Task Force of the European Society of Cardiology 
and the North American Society of Pacing and Electrophysiology. Circulation. 1996;93(5):1043–65. PMID: 8598068

	30.	 Hwang H-W, Hyun H-K, Kim Y-J, Kim J-W, Shin TJ. Evaluation of Stress Response During Mesiodens Extraction Under General Anesthesia Using 
Heart Rate Variability. J Oral Maxillofac Surg. 2017;75(5):931–7. https://doi.org/10.1016/j.joms.2016.10.022 PMID: 27875704

	31.	 Santana MDR, Martiniano EC, Monteiro LRL, Valenti VE, Garner DM, Sorpreso ICE, et al. Musical Auditory Stimulation Influences Heart Rate Auto-
nomic Responses to Endodontic Treatment. Evid Based Complement Alternat Med. 2017;2017:4847869. https://doi.org/10.1155/2017/4847869 
PMID: 28182118

	32.	 Yamashita K, Kibe T, Shidou R, Kohjitani A, Nakamura N, Sugimura M. Difference in the effects of lidocaine with epinephrine and prilocaine with 
felypressin on the autonomic nervous system during extraction of the impacted mandibular third molar: A randomized controlled trial. J Oral Maxil-
lofac Surg. 2020;78: 215.e1–215.e8. https://doi.org/10.1016/j.joms.2019.09.019

	33.	 Yamashita K, Uto A, Uchino M, Shidou R, Kibe T, Sugimura M. Sympathetic Nerve Activity During Tooth Extraction in Women Is Related to Dental 
Anxiety Immediately After Surgery. J Oral Maxillofac Surg. 2021;79(11):2268.e1-2268.e5. https://doi.org/10.1016/j.joms.2021.06.019 PMID: 
34273277

	34.	 Yamashita K, Uto A, Uchino M, Kibe T, Sugimura M. Listening to music before tooth extraction attenuates sympathetic nervous system activity: a 
randomized control trial. Oral Sci Int. 2023;20:88–94.

	35.	 Yamashita K, Kibe T, Aoyama K, Ohno S, Kohjitani A, Sugimura M. The State Anxiety Inventory Is Useful for Predicting the Autonomic Nervous 
System State of Patients Before the Extraction of an Impacted Mandibular Third Molar. J Oral Maxillofac Surg. 2020;78(4):538–44. https://doi.
org/10.1016/j.joms.2019.11.030 PMID: 31884076

	36.	 Linden RW, Scott BJ. The effect of tooth extraction on periodontal ligament mechanoreceptors represented in the mesencephalic nucleus of the 
cat. Arch Oral Biol. 1989;34(12):937–41. https://doi.org/10.1016/0003-9969(89)90049-6 PMID: 2610628

	37.	 Harikumar R, Raj M, Paul A, Harish K, Kumar SK, Sandesh K, et al. Listening to music decreases need for sedative medication during colonos-
copy: a randomized, controlled trial. Indian J Gastroenterol. 2006;25(1):3–5. PMID: 16567885

	38.	 Lee DWH, Chan K-W, Poon C-M, Ko C-W, Chan K-H, Sin K-S, et al. Relaxation music decreases the dose of patient-controlled sedation during 
colonoscopy: a prospective randomized controlled trial. Gastrointest Endosc. 2002;55(1):33–6. https://doi.org/10.1067/mge.2002.120387 PMID: 
11756911

	39.	 Hole J, Hirsch M, Ball E, Meads C. Music as an aid for postoperative recovery in adults: a systematic review and meta-analysis. Lancet. 
2015;386(10004):1659–71. https://doi.org/10.1016/S0140-6736(15)60169-6 PMID: 26277246

	40.	 Paisansathan C, Lee M, Hoffman WE, Wheeler P. Sevoflurane anesthesia decreases cardiac vagal activity and heart rate variability. Clin Auton 
Res. 2007;17(6):370–4. https://doi.org/10.1007/s10286-007-0437-9 PMID: 17767378

	41.	 Venet T, Pichot V, Charier D, Scalabre A, Patural H. Autonomic cardiac regulation after general anesthesia in children. Paediatr Anaesth. 
2018;28(10):881–7. https://doi.org/10.1111/pan.13468 PMID: 30302883

https://doi.org/10.1111/j.1600-0722.2007.00500.x
http://www.ncbi.nlm.nih.gov/pubmed/18186731
https://doi.org/10.1016/j.ijom.2012.06.013
http://www.ncbi.nlm.nih.gov/pubmed/22832662
https://doi.org/10.1016/j.ijom.2018.01.019
http://www.ncbi.nlm.nih.gov/pubmed/29478845
https://doi.org/10.1016/j.joms.2019.02.028
https://doi.org/10.1016/j.joms.2019.02.028
http://www.ncbi.nlm.nih.gov/pubmed/30902602
https://doi.org/10.3758/bf03193146
http://www.ncbi.nlm.nih.gov/pubmed/17695343
https://doi.org/10.1111/j.1399-6576.2004.00493.x
https://doi.org/10.1111/j.1399-6576.2004.00493.x
http://www.ncbi.nlm.nih.gov/pubmed/15352963
https://doi.org/10.1097/00000542-200301000-00009
http://www.ncbi.nlm.nih.gov/pubmed/12502976
https://doi.org/10.1016/j.tripleo.2008.08.020
http://www.ncbi.nlm.nih.gov/pubmed/19000603
https://doi.org/10.1042/cs0850389
http://www.ncbi.nlm.nih.gov/pubmed/8222503
http://www.ncbi.nlm.nih.gov/pubmed/8598068
https://doi.org/10.1016/j.joms.2016.10.022
http://www.ncbi.nlm.nih.gov/pubmed/27875704
https://doi.org/10.1155/2017/4847869
http://www.ncbi.nlm.nih.gov/pubmed/28182118
https://doi.org/10.1016/j.joms.2019.09.019
https://doi.org/10.1016/j.joms.2021.06.019
http://www.ncbi.nlm.nih.gov/pubmed/34273277
https://doi.org/10.1016/j.joms.2019.11.030
https://doi.org/10.1016/j.joms.2019.11.030
http://www.ncbi.nlm.nih.gov/pubmed/31884076
https://doi.org/10.1016/0003-9969(89)90049-6
http://www.ncbi.nlm.nih.gov/pubmed/2610628
http://www.ncbi.nlm.nih.gov/pubmed/16567885
https://doi.org/10.1067/mge.2002.120387
http://www.ncbi.nlm.nih.gov/pubmed/11756911
https://doi.org/10.1016/S0140-6736(15)60169-6
http://www.ncbi.nlm.nih.gov/pubmed/26277246
https://doi.org/10.1007/s10286-007-0437-9
http://www.ncbi.nlm.nih.gov/pubmed/17767378
https://doi.org/10.1111/pan.13468
http://www.ncbi.nlm.nih.gov/pubmed/30302883


PLOS One | https://doi.org/10.1371/journal.pone.0325038  May 28, 2025 11 / 11

	42.	 Omerbegović M. Short-term Parameters of Heart Rate Variability During Balanced Anaesthesia with Administration of Two Different Inhalation 
Anaesthetics. Med Arch. 2014;68(4):268–71. https://doi.org/10.5455/medarh.2014.68.268-271 PMID: 25568550

	43.	 Deutschman CS, Harris AP, Fleisher LA. Changes in heart rate variability under propofol anesthesia: a possible explanation for propofol-induced 
bradycardia. Anesth Analg. 1994;79(2):373–7. https://doi.org/10.1213/00000539-199408000-00031 PMID: 7639382

	44.	 Abdulhameed SA, Nagendrababu V, Gorduysus MO, Dummer PMH, Gopinath VK. A randomized clinical trial comparing the effects of music and 
informative videos on patient anxiety during root canal treatment and retreatment. Quintessence Int. 2024;55(8):670–80. https://doi.org/10.3290/j.
qi.b5640066 PMID: 39078172

	45.	 Watanabe K, Ooishi Y, Kashino M. Sympathetic Tone Induced by High Acoustic Tempo Requires Fast Respiration. PLoS One. 
2015;10(8):e0135589. https://doi.org/10.1371/journal.pone.0135589 PMID: 26284521

https://doi.org/10.5455/medarh.2014.68.268-271
http://www.ncbi.nlm.nih.gov/pubmed/25568550
https://doi.org/10.1213/00000539-199408000-00031
http://www.ncbi.nlm.nih.gov/pubmed/7639382
https://doi.org/10.3290/j.qi.b5640066
https://doi.org/10.3290/j.qi.b5640066
http://www.ncbi.nlm.nih.gov/pubmed/39078172
https://doi.org/10.1371/journal.pone.0135589
http://www.ncbi.nlm.nih.gov/pubmed/26284521

