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Abstract

Significance

432 Hzmusic administered to subjects during root
canal treatment significantly decreasedSBP,DBP,
and HR during the endodontic procedures.
Introduction: Patients undergoing endodontic therapy
often have severe perioperative and intraoperative anx-
iety, which may lead to increased perceptions of pain
and vital sign instability throughout treatment. The pur-
pose of this study was to test the influences of music, as
a nonpharmacologic adjuvant, in terms of significant
changes for systolic blood pressure (SBP), diastolic blood
pressure (DBP) and heart rate (HR) before, during,
and after endodontic treatment in a population with
different levels of anxiety assessed with the Corah
Dental Anxiety Scale. Methods: A total of 100 patients
were recruited in the present study; before starting the
endodontic treatment, the interviewer administered
the Corah Dental Anxiety Scale to the participants to
assess the baseline level of anxiety. Patients were
randomly divided into 2 groups: the first one listened
to the music and the second one did not. Before, during,
and after the endodontic procedures, the vital signs
(diastolic and systolic blood pressure and heart rate)
were recorded. Results were collected and statistically
analyzed. Results: Direct contrasts between patients
listening or not listening to music showed that all the
measured vital signs decreased considering the overall
period (during and after the canal therapy) in the group
of patients listening to music (P < .05). Conclusions:
This study shows the effects of music therapy on vital
values and on subjective perception of anxiety during
endodontic therapy. Music and medicine always work
together; the soothing effects of sounds and musical
frequencies make this union an extraordinary tool of
synergistic care. Music therapy is a valid nonpharmaco-
logic adjuvant to anxiety perception in endodontic
therapies. (J Endod 2016;42:1338–1343)
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Patients in general
perceive dental care

as invasive. Although the
term ‘‘dental anxiety’’ does
not have an exact definition
in the literature, it covers a

wide range of emotions, from mild apprehension to extreme anxiety or dental phobia.

Studies have documented a high demand of dental sedation, even in cases of end-
odontic treatment; during these procedures, anxiety and stress produce fear in patients
(1, 2). The presence of dental anxiety and the lack of patient compliance could
complicate the treatment (1, 3, 4).

During endodontic treatments, patients are continuously exposed to auditory stim-
uli, such as the metallic sounds of instruments and drill noises as well as disturbing
sharp instruments and annoying rubber dams. Fear of suffocation because of the altered
management of salivation and swallowing and the professional conversations of staff
members are all perceptions that are further emphasized, especially if the patient(s)
had previous negative experiences at the dentist’s office. Sedation is used to control
anxiety and pain (4, 5).

One study has shown that 51% of patients who underwent endodontic treatment
showed a positive interest in sedation if that option was available (6). There are different
ways of administering sedation, and eachmethod has its own benefit and risks. The level
of sedation can be inconsistent because of the variability in absorption that affects the
amount of active drug reaching the target organ, namely the central nervous system (7).

The current trend supporting narrative-based medicine that calls for the rehuma-
nization of medicine also draws from nonpharmacologic sources (8–11). The
relationship between music and medicine has been studied extensively, especially
regarding the use of music in clinical practice. It is a very old tradition, which goes
back to the classical world and the Middle Ages through various Western and
Eastern cultural traditions (12, 13).

Steelman (14) reported that musical intervention was associated with decreased
blood pressure (BP) in patients undergoing local anesthesia. Marwick (15) also
reported that music therapy could induce relaxation, decrease BP, and normalize
arrhythmias during an operation with local anesthesia.

Musical interventions have the additional benefit of decreasing exposure to fear-
some noises during treatments (16). Musical interventions affect not only physiolog-
ical domains of patient functions, such as BP and heart rate (HR), but also emotional
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domains, such as perioperative anxiety levels and pain thresholds
(17). Many studies on the effects of music therapy have been per-
formed on children (18, 19). Our research concerned adolescents
and adults.

The purpose of this study was to test the influences of music as a
nonpharmacologic adjuvant in terms of significant changes for systolic
blood pressure (SBP), diastolic blood pressure (DBP), and HR at 3
different time points (before, during, and after endodontic treatment)
in a population with different levels of anxiety assessed with the Corah
Dental Anxiety Scale (DAS).
Materials and Methods
Sample Size Determination

A total of 100 patients (50 patients per arm) were evaluated to
reject the null hypothesis of equality between patients listening to and
not listening to music in terms of SBP, DBP, and HR on the basis of
the following assumptions:

1. A power of approximately 90% in rejecting the null hypothesis of
equality

2. Expected means at baseline of 139 for SBP, 89 for DBP, and 85 for
HR

3. Expectedmeans gain after music therapy of 120 for SBP, 80 for DBP,
and 75 for HR

4. Standard deviation of 15% from the mean at baseline
5. Overall significance level = 5% 2 sided

For the expectedmeans at baseline, the high/normal values of each
parameter were considered adequate for the type of population and
procedure. The normal values of each parameter were used for the
expected means gain after music therapy.
Study Procedure
This single-center, parallel-group, blinded participant-physician

study was conducted at the University Hospital of Florence, Florence,
Italy. The study protocol was submitted and approved by the Ethics
Committee of the University Hospital of Florence (SPE14.138 University
Hospital of Florence).

One hundred participants were recruited from among all patients
scheduled for endodontic treatment at the Department of Endodontics
at the University of Florence from October 2014 to February 2015. Dur-
ing the first visit, ethical approval was requested and granted, and
informed consent was obtained from each patient. In cases of patients
under the age of 18, their parents gave their informed consent. Each
patient recruited was examined, and routine preoperative information
with respect to the number of appointments, duration of the procedure,
and possible intraoperative and postoperative complications was given
to all enrolled patients. All participants were informed of the aim of the
present study.

All root canal therapy procedures were performed in a standard-
ized manner and limited to 3 (R.P., L.N., and V.G.) experienced end-
odontists; they operated with the assistance of an undergraduate
university student. All treatments were performed under local anes-
thesia using 1.8 mL mepivacaine hydrochloride in a standardized
manner (Optocaine; Molteni Dental SRL, Scandicci, Italy); the teeth
were isolated with rubber dams, and the duration of the treatment
did not exceed 1 hour.

The patients were randomly divided into 2 groups: patients who
received root canal therapy listening to music (group 1) and patients
who received root canal therapy without listening to music (group 2).
JOE — Volume 42, Number 9, September 2016
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Selection of Music
The music selected for this study consisted of 5 tracks (1: lotus, 2:

summer, 3: signs, 4: white flower, and 5: melody) composed by Stefano
Crespan Shantam. Themusic was played on instruments such as pianos,
guitars, and synthesizers and Eastern instruments such as lake bansuri
and tanpura flute, and it had been used for a previous study (20). The
music was composed by referring raga, scales based on pentatonic in-
tervals. The compositions are tuned to 432 Hz instead of 440 Hz, the
standard general tuning for musical pitch.

Preoperative, Intraoperative, and Postoperative
Questionnaire and Measurement

An interviewer (N.P.) was instructed about the purpose of each
question in order to help the participants if needed. She read the ques-
tions in a plain fashion so as not to convey any of her own personal
biases. The questionnaire was anonymous and did not contain any in-
formation that might disclose the participants’ identities. Cognitive/
decisional impairments were the criteria for exclusion.

In the waiting room, before starting the endodontic treatment, the
interviewer administered the Corah DAS to the participants; the investi-
gator supervised the process of completing the questionnaire (21).

A simplified 5-point scale answering scheme from 0 to 4 was devi-
sed for each question, ranging from not anxious to extremely anxious.

To obtain the total score for the scale, the scores for each of the 4-item
responses were summed, with a total range from 0–20. Based on the re-
sults of the CorahDAS, the patients were classified into 4 anxiety levels (22):
no anxiety (score <4), mild (4–8), moderate (9–12), and severe (>12).

The participants were offered assistance if they encountered any
problems when responding to the questionnaire. Objective measure-
ments in variations of vital signs were also recorded before local anes-
thetic injection, at the treatment midpoint, and after the removal of the
rubber dam.

Statistical Analysis
Data were analyzed using SAS Version 9.3 software (SAS Institute

Inc, Cary, NC). As a preliminary analysis, DBP, SBP, and HR were
analyzed descriptively in order to numerically determine whether differ-
ences in terms of mean were present between the different anxiety
groups at baseline and among patients listening or not listening to music
during the root canal therapy.

A mixed linear model for repeated measures was used to measure
percentage changes in DBP, SBP, and HR one at a time between baseline
and therapy in groups 1 and 2.

Percentage changes were calculated as follows: ([(vti � vt0)/vt0]
*100) with t = (1,2), where vt1 and vt2 are values collected, respectively,
during and after the root canal therapy, and vt0 is the value observed at
baseline before the canal therapy. The mixed model includes as cova-
riates terms of music (listening/not listening) the anxiety level before
the therapy assessed with the Corah DAS and the time point.

Theminimum variance quadratic unbiased estimationmethod was
used to estimate the model parameters because it does not require any
particular assumptions on the data. The Akaike information criterion
was used to select the most appropriate variance/covariance matrix
to be used in the model. The most commonly used matrices (ie, diag-
onal, compound symmetry, autoregressive (1), Toeplitz, and unstruc-
tured) were tested, and the one with the lowest Akaike information
criterion was selected.

Adjustment for multiplicity is not required according to European
guideline CPMP/EWP/908/99 ‘‘Points to consider on multiplicity issues
in clinical trials’’ in which §2.1.1 clearly states that when 2 or more pri-
mary variables are needed to describe relevant treatment benefits,
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Figure 1. DBP at baseline by anxiety level and grouped by patients listening and not listening to music.
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statistical significance is needed for all the primary variables, and, there-
fore, no formal adjustment is necessary.
Results
A total of 100 patients, from 13–83 years of age, 46 men and

54 women, were included in the present study. Descriptive statistical
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Figure 2. SBP at baseline by anxiety level and grouped by patients listening and
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analysis of DBP, SBP, and HR measured at baseline is shown in
Figures 1–3, respectively.

No relevant differences in terms of vital parameters at the baseline
were detected between group 1 and group 2, so we can consider them
homogeneous. The percentage change of DBP, SBP, and HR between
baseline and other time points is shown descriptively by different anxiety
level in Table 1.
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Listening
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Figure 3. HR at baseline by anxiety level and grouped by patients listening and not listening to music.
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Analysis of variance (Table 2) obtained by the mixed linear
model for repeated measurement, selecting the unstructured vari-
ance/covariance matrix as the most appropriate, showed that the anx-
iety level at baseline did not statistically influence the cardiovascular
percentage changes (P > .05), whereas the effect of music was statis-
tically significant (P < .001). The time of reading the parameters
TABLE 1. Descriptive Statistics (Mean [�standard deviation]) for Diastolic Blood Pr
by Level of Anxiety

Variable Time point
Level of anxiet

measured with

Diastolic blood
pressure

During canal therapy None (<4 score)
Mild (from 4–8 s
Moderate (from
Severe (>12 scor

After canal therapy None (<4 score)
Mild (from 4–8 s
Moderate (from
Severe (>12 scor

Systolic blood
pressure

During canal therapy None (<4 score)
Mild (from 4–8 s
Moderate (from
Severe (>12 scor

After canal therapy None (<4 score)
Mild (from 4–8 s
Moderate (from
Severe (>12 scor

Heart rate During canal therapy None (<4 score)
Mild (from 4–8 s
Moderate (from
Severe (>12 scor

After canal therapy None (<4 score)
Mild (from 4–8 s
Moderate (from
Severe (>12 scor
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(during or after the canal therapy) did not have an effect on the per-
centage changes, with the exception of DBP as confirmed also by
descriptive statistics in Table 1.

Direct contrasts between patients listening or not listening to
music are also given in Table 3 and clearly show that all the measured
cardiovascular parameters decreased during and after the canal therapy
essure, Systolic Blood Pressure, and Heart Rate during and after Canal Therapy

y at baseline
the Cohen test

Mean (± standard deviation)

Music: yes Music: no

�8.8 (�8.086) 0.1 (�10.26)
core) �8.72 (�11.546) �1.47 (�9.164)
9–12 score) �3.61 (�13.353) �0.8 (�12.583)
e) �10.4 (�8.514) 1.03 (�2.036)

0.52 (�9.206) 9.2 (�25.91)
core) 3.12 (�10.93) 2.17 (�12.06)
9–12 score) 5.54 (�8.908) 4.39 (�16.672)
e) 0.57 (�9.128) 0.16 (�3.555)

�9.11 (�9.188) 0.36 (�8.525)
core) �8.73 (�7.481) 1.21 (�7.487)
9–12 score) �10.77 (�10.61) 0.07 (�12.992)
e) �15.57 (�7.338) �1.87 (�5.598)

�5.01 (�9.599) �1.29 (�21.056)
core) �4.08 (�10.076) 0.58 (�7.688)
9–12 score) �5.99 (�11.225) 2.81 (�13.918)
e) �8.27 (�9.186) �2.67 (�6.23)

�10.55 (�8.006) 0.42 (�7.385)
core) �7.54 (�6.393) 0.64 (�7.425)
9–12 score) �10.28 (�8.919) �4.38 (�8.555)
e) �11.88 (�10.118) �4.85 (�6.841)

�9.11 (�9.599) 2.1 (�15.894)
core) �3.2 (�8.662) �0.48 (�10.893)
9–12 score) �7.04 (�8.28) �9 (�15.771)
e) �10.11 (�11.822) �1.1 (�3.795)
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TABLE 2. Analysis of Variance Model: Fixed Effects Analysis for Diastolic Blood Pressure, Systolic Blood Pressure, and Heart Rate

Dependent variable
Selected variance/
covariance Matrix Covariates Num DF F value Pr > F Significant

Diastolic blood pressure Unstructured Music (yes/no) 1 15.37 0.0002 Yes
Level of Anxiety at baseline 3 0.14 0.9377 No
Time point: during/after 1 28.98 <0.0001 Yes

Systolic blood pressure Unstructured Music (yes/no) 1 29.58 <0.0001 Yes
Level of anxiety at baseline 3 0.94 0.4249 No
Time point: during/after 1 2.64 0.1076 No

Heart rate Unstructured Music (yes/no) 1 36.34 <0.0001 Yes
Level of anxiety at baseline 3 1.46 0.2307 No
Time point: during/after 1 1.81 0.1819 No

Num DF, degrees of freedom of the numerator.

Clinical Research
in group 1 (P < .05 and confidence calculated on the estimated means
differences not containing 0 as a possible result).
Discussion
Dental care is considered an invasive treatment and a source of

anxiety for patients. The present study aimed to evaluate if the presence
of music could help improve patient cooperation during endodontic
treatment by reducing anxiety levels. In the present study, music was
the only significant variable for cardiovascular changes. The anxiety
level and time of recording did not significantly influence the cardiovas-
cular percentage changes.

According to many musicians and musicologists, 432 Hz is the
frequency closest to natural human frequencies (23). The music
used was characterized by slow rhythms and melodies that can pro-
duce physical and emotional relaxation in listeners. These character-
istics make the music ‘‘neutral,’’ free from any emotion that other
choices could have triggered physiological responses in patients. In
the past, Lai et al (24) postulated that the choice of music could be
an important factor on the variables of cardiovascular values. They
observed a decreased level of anxiety in patients who had been
listening to music during endodontic treatment but no decrease in
blood pressure that could be attributed to the musical selection.
The different results of the present study could be caused by the effect
of music preference on the autonomic nervous system; listening to
music that one generally likes could have a positive effect as opposed
to music that is disliked or unfamiliar (25). In addition, Lai et al (24)
measured cardiovascular values at different time points (6 times at
10-minute intervals until the end of root canal treatment); in the pre-
sent study, only 3 time points for measurement of cardiovascular
change were recorded.

In this study, the anxiety level of the subjects before treatment was
measured by the Corah DAS. This scale has been used in several studies
(16, 22, 26); it is considered reliable for its simplicity of application and
the ease of translation into the patients’ native languages. In the present
study, 61% of the patients claimed not to be anxious, and only 4% said
TABLE 3. Analysis of Variance Model: Contrasts (listening to music vs not listening t

Dependent
variable Music

Estimated mean
(confidence interval)

Diastolic blood
pressure

No 3.3561 (0.1128–6.5994) �7.5
Yes �4.1445 (�7.3986 to �0.8903)

Systolic blood
pressure

No 0.1197 (�2.7632 to 3.0025) �9.3
Yes �9.2177 (�12.1104 to �6.325)

Heart rate No �0.8305 (�3.4484 to 1.7874) �9.2
Yes �10.106 (�12.7326 to �7.4794)
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they were extremely anxious. Measurements of vital signs indicate a
strong influence of music on BP and HR.

No vasoconstrictor agents were used in anesthesia procedures in
order to not influence the change of cardiovascular parameters. SBP
decreased at the treatment midpoint and then rose slightly at the end
in patients who listened to music during endodontic treatments. DBP
decreased at the treatment midpoint and then increased, stabilizing at
the end, in patients who listened to music during endodontic therapy.
HR decreased at the treatment midpoint and then rose slightly at the
end in patients who listened to music during endodontic treatment.
In addition to the tests, the patients who used music said that they felt
relaxed and that the music distracted them from the instrument noises
and the voices of the medical staff.

The literature reports dental anxiety and dental phobia in surgical
extractions and implant procedures and in young patient populations.
Only a few studies have evaluated the level of anxiety and the different
approaches available for the treatment of dental anxiety in adults
although the demand for sedation in endodontics is high (6). The
use of sedation has been shown to be useful in managing an inferior
alveolar block in patients with irreversible pulpitis (27). As reported
in a previous study (24), listening to music during endodontic treat-
ment could significantly reduce the level of anxiety at the end of the treat-
ment but not necessarily because of cardiovascular parameters, as also
was borne out in this study.

The present study is one of the first articles investigating the effects
of music therapy on dental anxiety during endodontic procedures
(6, 24); the literature primarily reports on the use of music therapy
in cases of dental surgery (16, 22). Therefore, this could be very
interesting because endodontic procedures are among the most
common dental therapies.

In the present study, 2 possible limitations can be identified: the
first one is that all the patients enrolled came to an endodontics univer-
sity department and could not reflect the demographic characteristics of
a private endodontic practice. The second is that the endodontic treat-
ment was performed by 3 different operators with 3 different emotional
approaches with the patients.
o music) for Diastolic Blood Pressure, Systolic Blood Pressure, and Heart Rate

Estimated difference
(confidence interval) T value Pr > jtj Significant

006 (�11.298 to �3.7031) �3.92 0.0002 Yes

374 (�12.7461 to �5.9287) �5.44 <0.0001 Yes

755 (�12.3296 to �6.2213) �6.03 <0.0001 Yes
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Conclusion
Within the limits of the present study, 432 Hz music administered

to subjects during root canal treatment significantly decreased SBP,
DBP, and HR during the endodontic procedures.
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