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Abstract

Background: Immunization is a medical procedure many children frequently
undergo. As it involves pain, it is important to develop effective pain relief
methods that are applicable from infancy. Objective: To clarify the
pain-relieving effect of music from speakers on preschoolers during immun-
ization. Methods: A randomized controlled trial using sex-based stratified
randomization was conducted at a Japanese pediatric clinic between October
and December 2016, involving 48 preschoolers aged 5 - 6. Among these, 25
listened to music (“Twinkle Twinkle Little Star” played by a music box) from
speakers before, during, and after influenza immunization (Music group),
while the other 23 were not treated with musical intervention (Control
group), with the following outcomes: primary: the Face Scale score; and sec-
ondary: the heart rate (HR) and oxygen saturation (SpO,) and salivary alpha
amylase (sAA) levels. Results: The Face Scale score and HR of the Control
group immediately after influenza immunization were significantly higher
than their baseline values (P < 0.0001, P < 0.05). There were no significant
differences between the Music and Control groups in the Face Scale score,
HR, or SpO, level immediately after influenza immunization or in the sAA
level 10 minutes after it. Conclusion: Influenza immunization was painful for
preschoolers. When based on the Face Scale score, HR, SpO, and sAA levels
as indices to measure immunization-related pain, music did not show
pain-relieving effects.
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1. Introduction

Immunization is a medical procedure many children frequently undergo. Before
reaching the age of 6, they receive 20 or more immunizations, including polio,
BCG, measles, and rubella vaccines, in Japan [1] [2]. As each immunization in-
volves pain [3], insufficient pain management may result in future medical fear
or pain [4]. Therefore, it is important to develop effective methods to reduce
pain during immunization.

Methods to reduce immunization-related pain in children are classified into
pharmacological and non-pharmacological approaches [5] [6] [7]. The latter in-
clude: musical interventions [5] [8], distraction using videos [5] [8], breathing
techniques [5] [9], sucrose administration [8] [10], and positioning [10]. In a
systematic review to examine the pain-relieving effect of music, it was shown to
reduce pain and anxiety in children (aged 1 - 18) when receiving medical care
[11]. Music also shows pain-relieving effects in heel lance for infants [12], as well
as blood sampling [13] [14] [15] and acupuncture [16] for preschoolers and
school-age children. Another systematic review examined various distraction
techniques to address immunization-related pain in children, and similarly con-
firmed the pain-relieving effect of music on children aged 3 - 7 [5]. Such an ef-
fect was also reported in studies involving infants [17], infants and preschoolers
[18], preschoolers [19], and adolescents [20].

Musical interventions for children include: listening to music through head-
or earphones, active music therapy, and listening to music from speakers.
Among these, listening to music through head- or earphones has been reported
to reduce pain in children, including preschoolers, when receiving medical care
(immunizations, blood sampling, and acupuncture) [14] [16] [19]. However,
with respect to immunization-related pain, Fowler-Kerry examined 200 children
aged 4 - 6, and reported the effectiveness of combined suggestion-musical inter-
ventions [19]. In other previous studies involving preschoolers aged 3 - 6, such
pain was not reduced by listening to music through head- or earphones [21]
[22]. In the case of musical interventions using head or earphones, it should be
noted that children may miss to listen to medical professionals’ instructions.

In contrast, active music therapy performed by music therapists has been
shown to be effective to reduce pain in children, including preschoolers, when
receiving medical care (immunization and blood sampling) [15] [18]. On the
other hand, in Japan, the number of music therapists is very small, and their
range of activity is limited to psychology, psychosomatic medicine, and rehabili-
tation [23]. They generally perform music therapy for purposes other than pain
relief in the clinical setting, and, to the authors’ knowledge, there have been no
studies addressing this issue in the research field.

In a previous study involving children, including preschoolers and school-age
children, musical intervention using speakers effectively reduced pain due to
blood sampling [13]. In another study involving 118 children aged 13 - 15, the

effect of music to reduce immunization-related pain was higher when listening
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to it without headphones than when listening to it with headphones [20]. How-
ever, to the authors’ knowledge, there have been no studies examining the effect
of music from speakers to reduce immunization-related pain in children, in-
cluding preschoolers. In order to develop safe and generalizable pain relief
methods for preschoolers who frequently receive immunizations, it may be use-
ful to clarify the effect of such music to reduce their immunization-related pain.
This exploratory study examined the pain-relieving effect of music from
speakers on preschoolers during immunization, based on the following hypoth-
eses: 1) Immunization is less painful for preschoolers treated with than those not
treated with musical intervention; and 2) Immunization is less stressful for pre-

schoolers treated with than those not treated with musical intervention.

2. Methods
2.1. Design

A randomized controlled trial. Based on the findings of a previous study exam-
ining differences in subjective pain perception between male and female children
[24], sex-based stratified randomization was performed. Using a table of random
sampling numbers, the researchers randomized subjects into Music and Control
groups in the order of reservation.

The study was approved by the Ethics Committee of Hiroshima University
(approval number: C-103) and registered with the UMIN Clinical Trials Registry
(UMINO000023582). It conforms to the CONSORT guidelines for the reporting
of randomized controlled trials.

The subjects’ assent was obtained from their parents as their legal representa-
tives. When the parents of candidate children made reservations for an influenza
immunization by telephone, staff of the collaborative study facility explained the
study objective to them, and confirmed their children’s intention to participate.
To the parents of those who assented to participate in the study, explanatory
documents outlining the study for parents and children, informed assent and
assent cancellation forms, and a questionnaire regarding immunizations for
children (the numbers of past NICU admissions and surgeries) were mailed or
directly handed over by staff of the collaborative study facility. On the day of
immunization, the researchers provided sufficient written and oral explanations
of the study to obtain written assent from the parents. The children were also

provided with explanation using a picture book to obtain their oral assent.

2.2. Sampling and Settings

The subjects were recruited at A clinic in Hiroshima from 9:00 to 18:00 each day
during the period between October and December 2016. The inclusion and ex-
clusion criteria were as follows: inclusion: (1) preschoolers aged 5 or 6 and
scheduled only for an influenza immunization, and (2) those approved for the
immunization by the physician in charge; and exclusion: (1) those with a history

of treatment using analgesics, (2) those with auditory or visual impairment, (3)
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those with intellectual or developmental impairment, and (4) those regarded as
inappropriate for the study by the physician in charge.

When determining the sample size, a study conducted by Ogawa et al, in-
volving 32 children [25], was referred to. This previous study compared the
children’s dental treatment-related stress based on their sAA levels, and revealed
significant decreases in such levels after treatment. Considering that a compari-
son of sAA levels similar to this would be feasible using controls, the size of each

group was set at 50 in the present study.

2.3. Measures

The sex and age were used as demographic variables, and the following items
were used as confounders: the numbers of past NICU admissions, hospitaliza-
tions, surgeries, immunizations, injections, influenza vaccinations during this
season, and elder and younger siblings who attended; minimum and maximum
sound levels in the treatment and waiting rooms; room temperature and humid-
ity; and the time to initiate the study, period from the initiation to immuniza-
tion, and duration.

The primary outcome variable was the Face Scale score. The Face Scale de-
veloped by Wong-Baker shows a series of faces expressing 6 different levels of
pain from <no pain> (0) to <extreme pain> (5) [26]. The scale has been shown
to have sufficient reliability and validity [27]. Its Japanese version has also been
proven to have sufficient concurrent validity and reliability based on re-test re-
sults [28]. The guidelines for the assessment of acute pain in children [29] rec-
ommend the use of the scale from the age of 3. It is particularly frequently used
in pediatrics [26], such as pain assessment for children during blood sampling
[15] [30].

The secondary outcome variables were: the heart rate (HR) and oxygen satu-
ration (SpO,) and salivary alpha amylase (sAA) levels. The HR and SpO, level
are used as indices to assess pain in children undergoing painful medical proce-
dures, as they were shown to markedly increase after immunization, blood sam-
pling, or acupuncture in previous studies [13] [16] [21] [31]. The sAA level that
increases with stress [32] is used for stress assessment for children undergoing
blood sampling [30] or receiving dental treatment [25].

2.4. Procedures

2.4.1. Music Group

For each child and his/her mother, an approximately 15-minute intervention
session was held in a private room from 5 minutes before to 10 minutes after
immunization (Figure 1).

During the intervention, a CD that contains ‘Twinkle Twinkle Little Star
played in an orgel sound (Dreaming Orgel Best, KICG 422, King Record) was
used. The music, which is familiar to children aged 6 or younger [33], effectively
reduced immunization-related pain and distress in previous studies involving

infants aged 2 months and preschoolers aged 4 - 6, respectively [17] [34]. Without
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Figure 1. Flow diagram.

changes in the volume, tempo, or rhythm, orgel sounds meet the requirements
of music therapy for children defined in the guidelines [35]. In the present study,
the CD was played using a CD player (CD Radio TY-C24(W), TOSHIBA Life-
style Electronics Trading Co., Ltd.). Based on the guidelines on music therapy
for children [35], a sound level of 60 - 80 dB at frequency-weighting grade C was
maintained using a sound level meter (Standard Sound Level Meter NL-21,
LION Co., Ltd.) when playing the music. The CD player was placed at a distance
of 150 cm from the child.

To create an environment similar to those for care in the clinical setting, each
child was allowed to freely play using toys within the room from admission to
the end of intervention. With the child’s assent, his/her baseline Face Scale score
and sAA level (Salivary Amylase Monitor 27B1X00045000110, Nipro Corpora-
tion/NS Materials Inc.) were measured. With a pulse oximeter (New Radical-7,
22200BZX00798000, Masimo Japan Co., Ltd.) attached to his/her right thumb,
HR and SpO, measurements were performed 33 times at intervals of 30 seconds
until 10 minutes after immunization. From 1 minute after the initiation of
measurement, the music was played through the CD speaker in the room. At 5
minutes after the initiation of music reproduction (6 minutes after the initiation
of measurement), the Face Scale score and sAA level were measured. Subse-
quently, a physician and nurse entered the private room, and the former inserted
a 27G needle (FN Syringe, 22100BZX00909, Terumo Corporation) into the
child’s left upper arm to administer an influenza vaccine of 0.5 mL. The maxi-
mum HR and minimum SpO, level during the period from needle insertion to
30 seconds after it were adopted as measurement values. Immediately after im-
munization, the Face Scale score was also measured. For the subsequent 10
minutes, the child freely played using toys within the room. At 10 minutes after
immunization, Face Scale score and sAA measurements were performed again.
Musical intervention ended after the removal of the pulse oximeter. The parent

accompanied the child throughout the intervention.

2.4.2. Control Group

For the Control group, musical intervention was not provided, but immuniza-
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tion and Face Scale score, sAA, HR, and SpO, measurements were performed,

similarly to the Music group.

2.5. Statistical Analysis

The demographic variables, confounders, Face Scale score, HR, and sAA level
were compared between the Music and Control groups. The categorical variables
were examined using Fisher’s exact test, while the continuous variables were an-
alyzed using the Wilcoxon rank sum test or unpaired t-test based on the results
of the Shapiro-Wilk test.

Among the results obtained through 30 repetitions of measurement at inter-
vals of 2 seconds for 1 minute immediately after pulse oximeter attachment, the
maximum HR and minimum SpO, level were adopted as baseline values. In ad-
dition, the maximum HR and minimum SpO, level obtained through 15 repeti-
tions of measurement at intervals of 2 seconds for 30 seconds during the period
from 1 minute after pulse oximeter attachment to 10 minutes after immuniza-
tion were adopted as subsequent values [36].

To examine the changes of the sAA level or Face Scale score between baseline
and each of time point, the paired t-test or signed rank sum test was conducted
based on the Shapiro-Wilk test results, and the Bonferroni correction was per-
formed. Furthermore, the HR and SpO, level were compared using one-way
analysis of variance (Dunnett test). For analysis, the statistical software SAS9.4

was used.

3. Results

Informed assent was obtained from 48 (Music: 25 and Control: 23) preschoolers
(Figure 2). There were no significant differences between the 2 groups in the age
or sex (Table 1). Among the confounders, only the rate of having a history of
NICU admission was significantly higher in the Control (4; 17.39%) compared
with Music (0; 0%) group (P = 0.0455) (Table 1).

3.1. Comparison between the Music and Control Groups

There were no significant differences between the groups in the Face Scale score,
HR, or sAA level at the baseline (Figure 3, Figure 4 and Figure 5). As the Con-
trol group showed a significantly higher baseline SpO, level (P = 0.0297), analy-
sis of covariance was used to adjust the value for comparison between them
(Figure 6).

At the 12 points from 1 minute after the initiation of measurement to imme-
diately before immunization, there were no significant differences between the
Music and Control groups in the HR or SpO, level. Similarly, there were no sig-
nificant differences between them in the Face Scale score or sAA level at 5
minutes after the initiation of musical intervention (6 minutes after the initiation
of measurement in the Control group).

None of the 3 items, the Face Scale score, HR, and SpO, level, markedly varied
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Figure 2. Flowchart of participant recruitment according to CONSORT 2010 guidelines.

Table 1. Demographic variables and confounding variables N = 48.
Variable (unit) Music group (n = 25) Control group (n = 23) P-value
Mean SD Mean SD

Male? (n, %)* 16 64 9 56.52 0.5966
Female® (n, %) 13 36 10 43.48

Age® (year) 5.78 0.46 5.70 0.45 0.5665
Past NICU admissions® (n, %) 0 0 4.00 17.39 0.0455
Past hospitalizations? (times) 0.20 0.41 0.57 0.90 0.1216
Past surgeriesd (times) 0.04 0.20 0.26 0.69 0.1336
Past immunizations? (times) 27.68 5.17 28.83 6.04 0.3307
Past injection® (times) 2.12 2.65 2.30 6.27 0.1988
Influenza vaccinations during this season? (times) 1.16 0.37 1.22 0.42 0.6253
Elder siblings who attended? (persons) 0.24 0.44 0.22 0.42 0.8650
Younger siblings who attended? (persons) 0.52 0.59 0.43 0.51 0.6782
Minimum sound levels in the treatment room® (Hz) 46.01 2.71 47.13 4.09 0.2648
Maximum sound levels in the treatment room? (Hz) 47.46 3.13 47.95 4.20 0.9236
Minimum sound levels in the waiting room? (Hz) 52.28 4.59 53.55 4.25 0.2043
Maximum sound levels in the waiting room® (Hz) 57.87 5.81 60.70 6.10 0.1097
Room temperature (°C) 23.95 1.36 23.88 1.32 0.6052
Room humidityb (%) 58.61 7.22 56.00 6.58 0.2068
Time to initiate the study? (hours) 14.00 2.35 14.65 2.25 0.2954
Time to period from the initiation to immunization (minutes) 13.40 3.26 12.44 2.29 0.3218
Time to duration? (minutes) 26.25 3.59 25.61 2.31 0.6647

*Chi square test P < 0.05, bUnpaired t-test P < 0.05, “Fisher’s exact test P < 0.05, ‘Wilcoxon rank sum test P < 0.05.
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Figure 6. Comparison of SpO,s between music group and control group. The SpO, level was significantly higher at baseline and
30 seconds after immunization in the Control group than in the Music groups. Analysis of covariance P < 0.05.

between the Music and Control groups immediately after immunization. Only
the SpO, level was significantly higher at 30 seconds after immunization in the
Control group than in the Music groups (P = 0.0489). The HR did not markedly
vary between the groups at any of the 19 points from 30 seconds tol0 minutes
after immunization. There were no significant differences in the Face Scale score

or sAA level between them at 10 minutes after immunization.

3.2. Comparison of Baseline and Subsequent Values in Each
Group

3.2.1. Music Group

There were no significant differences between the baseline HR and SpO, level
and those measured at any of the 12 points from 1 minute after the initiation of
measurement to immediately before immunization. Similarly, there were no sig-
nificant differences between the baseline Face Scale score and sAA level and
those obtained 5 minutes after the initiation of musical intervention (6 minutes
after the initiation of measurement).

The Face Scale score and HR immediately after immunization were signifi-
cantly higher than those at the baseline (P < 0.05). In contrast, the SpO, level
immediately after immunization was not significantly different from the baseline
value. There were no significant differences between the baseline HR and SpO,
level and those measured at any of the 19 points from 30 seconds to 10 minutes
after immunization. Similarly, the Face Scale score and sAA level at 10 minutes

after immunization were not significantly different from those at the baseline.

3.2.2. Control Group
There were no significant differences between the baseline HR and SpO, level
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and those measured at any of the 12 points from 1 minute after the initiation of
measurement to immediately before immunization. Similarly, there were no sig-
nificant differences between the baseline Face Scale score and sAA level and
those obtained 6 minutes after the initiation of measurement.

The Face Scale score and HR immediately after immunization were signifi-
cantly higher than those at the baseline (P < 0.05), while the SpO, level at imme-
diately after immunization was not markedly different from the baseline value.
There were no significant differences between the baseline HR and SpO, level
and those measured at any of the 19 points from 30 seconds to 10 minutes after
immunization. Similarly, the Face Scale score and sAA level at 10 minutes after

immunization were not significantly different from the baseline values.

3.3. History of NICU Admission

The results were the same when including and excluding 4 preschoolers with a
history of NICU admission.

4. Discussion

4.1. Immunization-Related Pain

In both the Music and Control groups, the Face Scale score and HR markedly
increased immediately after immunization, supporting the findings of the pre-
vious studies (reporting pain in children receiving immunization, blood sam-
pling, and acupuncture, respectively) [16] [21] [30]. Thus, influenza immuniza-

tion was painful for the children.

4.2. Effect of Music to Reduce Immunization-Related Pain

There were no significant differences between the Music and Control groups in
the Face Scale score, HR, or SpO, level at any point, excluding the third item
measured 30 seconds after immunization, indicating that music was not effective
to reduce immunization-related pain.

This result may have been due to a low level of pain, in addition to the small
sample size. For example, in a previous study, music from speakers effectively
reduced pain in children, including preschoolers, undergoing blood sampling
[13]. As their HRs and Face Scale scores immediately after blood sampling were
higher than the values in the present study [13], it is likely that the procedure
was more painful than immunization. The sample size of another study, in
which music from headphones reduced immunization-related pain in pre-
schoolers was 200 [19], while those of 2 studies that did not achieve such effects
were 99 and 62, respectively [21] [22]. In contrast, the sample size of the present
study was 48, which is even smaller than the latter. This suggests that sufficient
pain-relieving effects were not achieved using music, as the level of immuniza-
tion-related pain was lower than that due to blood sampling, and the sample size

was insufficient.
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The sAA level did not markedly vary between the Music and Control groups
at any point. Furthermore, in both groups, it did not show a significant differ-
ence from the baseline value before/after immunization, revealing that music did
not reduce immunization-related stress. As a factor associated with this, the high
number of past immunizations among the subjects (28.83 + 6.04), which had
possibly made this procedure familiar to them, should be noted. In a previous
study involving 11 children aged 4 - 15, their sAA levels during blood sampling
were markedly higher than those after it and the standard values, indicating that
the procedure was stressful for them [30]. In contrast, as the Control group’s
sAA level did not markedly change after the baseline in the present study, im-
munization may have been less stressful, making it difficult to achieve clear
pain-relieving effects. In short, a stress level lower than that when undergoing
blood sampling, as well as an insufficient sample size, may have prevented music
from effectively reducing immunization-related stress. It is also undeniable that
such stress was not accurately evaluated, as SAA measurement was not per-

formed immediately after immunization.

4.3. Future Challenges

As study limitations, both the sample size and measurement variables were in-
sufficient. Among previous studies using scales to measure distress, 2, in which
music reduced immunization-related pain in preschoolers, used the Child-Adult
Medical Procedure Interaction Scale-Revised (CAMPIS-R) and Observational
Scale of Behavioral Distress (OSBD), respectively [21] [34]. These scales are
multi-item objective indices with sufficient reliability and validity. Therefore, it
may be necessary to further examine the pain-relieving effect of music using
them, with immunization-related distress incorporated.

Furthermore, as topical local anesthetics (EMLA CREAM) have also been re-
ported to reduce immunization-related pain [37], intervention methods com-
bining multiple approaches, such as these drugs and music that may show
pain-relieving effects, should also be considered to reduce immunization-related

pain and distress in preschoolers.

5. Conclusion

Influenza immunization was painful for the preschoolers. However, music from
speakers did not reduce their immunization-related pain or stress, represented
by their Face Scale scores, HRs, and SpO, and sAA levels. Therefore, it may be
necessary to further examine the effect of music to reduce immunization-related

distress in preschoolers.
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