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Background: Burns rank among the foremost causes of accidental death and
injury in children and pediatric patients, and their treatment poses significant
challenges. Music intervention has demonstrated considerable potential in
alleviating pain and anxiety in pediatric burn patients during treatment. The
present meta-analysis was designed to assess the impact of music intervention
on the treatment of pediatric burn patients.

Methods: We conducted a comprehensive search across multiple databases,
including PubMed, Web of Science, Embase, and Cochrane Library, to identify
studies that met inclusion criteria. Only RCTs published in English that evaluated
the efficacy of music intervention in pediatric burn patients were considered
eligible for inclusion. The quality assessment of the included studies was
performed using the Cochrane risk-of-bias tool. This study was performed
based on the Guidelines of Systematic Reporting of Examination presented in
the PRISMA checklist. The search protocol has been registered at the PROSPERO
International Prospective Register of Systematic Reviews.

Results: Four RCTs met the inclusion criteria, involving 158 pediatric burn
patients aged from 1 day to 20 years who received either live music therapy or
recorded music. Overall, a statistically significant positive effect was observed
on both pain [SMD = -0.43, 95% CI (-0.80, —0.07)] and anxiety [SMD = —0.66,
95% Cl (-1.05, —0.28)]. However, the music intervention group did not show a
statistically significant reduction in heart rate [SMD: 0.20, 95% CI (-0.49, 0.89)]
or respiratory rate [SMD: —0.21, 95% CI (-=0.90, 0.47)].

Conclusion: Findings from this study indicates that Music intervention has a
positive effect in alleviating pain and reducing anxiety in children and adolescents
with burn injuries.

KEYWORDS

burn pediatric, music interventions, pain, anxiety, meta-analysis

1 Introduction

Burns are a global public health problem, due to the immaturity of children’s physical and
cognitive abilities, they are especially susceptible to burn injuries (1). Consequently, burns
represent a leading cause of accidental death and injury in children, especially in undeveloped
countries (2, 3). Burns are the third most common cause of accidental death in children aged
5 to 9years (4), and approximately 84,000 children under the age of 14 years in the
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United States required medical treatment for burns in 2017 (5). The
treatment of burn patients is very challenging because burn injuries
are one of the most severe traumas (6), has physiological as well as
psychological consequences (7, 8). The main sources of pain in burn
patients are wound care procedures (9) and physical rehabilitation
(10) that are repeated daily. In addition, anxiety associated with
wound care procedures may exacerbate pain, increase pain intensity,
or reduce the therapeutic effectiveness of medications (11, 12). The
traditional approach is to administer analgesic drugs such as tramadol
to relieve pain and anxiety caused by burns. Given that the
administration of anesthetics and analgesics to severely burned
patients can lead to hemodynamic instability, their safety is not
assured (13). Furthermore, the use of sedatives and analgesics in
pediatric patients, a particularly vulnerable population, necessitates
stringent monitoring. Therefore, the treatment of pediatric burn
patients must encompass a comprehensive approach to managing
both pain and anxiety.

Music interventions have also been used to manage pain and
anxiety in patients during medical procedures for many years. These
interventions have typically been used during treatment and
rehabilitation. Previous studies have reported the use of music as an
intervention during dental surgeries (14), operations (15), chemotherapy
(16) and even can reduce anxiety in ICU patients on mechanical
ventilation (17, 18). Music as an intervention has wide applicability
during burn treatment due to its non-pharmacological, non-invasive
and easily accessible features. Music has the potential to influence the
central nervous system and divert patients’ attention, facilitating their
transition into a relaxed state and enhancing their psychological well-
being (19). This conclusion is supported by the gate control theory,
which posits that the activation of larger, faster-conducting sensory
neurons can inhibit the transmission of pain signals (20). Additionally,
music stimulates the release of endorphins and dopamine in the ventral
striatum and prefrontal cortex, which directly reduce pain perception (
226 3CHR). The advantage of music as a simple complementary therapy
lies in that it is a non-invasive, low-cost and useful supplementary
treatment method that does not require a high level of training (21).
Previous meta-analyses have confirmed that music therapy can
effectively alleviate patients’ pain and anxiety (10, 22, 23). Li et al. (10)
conducted a meta-analysis on music interventions for burn patients but
included both pediatric and adult populations (n =17 RCTs, 804
patients) without focusing on pediatric-specific outcomes.

Our study’s differential contribution: (1) Exclusively focuses
on pediatric burn patients (1 day to 20 years), addressing a
critical gap in pediatric-specific evidence; (2) Includes more
recent RCTs (2017-2022) not covered by Li et al.; (3) Examines
age-related variability and specific outcomes (e.g., vital signs) in
pediatric populations.

2 Methods

This study strictly adhered to the guidelines outlined in the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) (24). The research plan was officially registered with the
International Prospective Register of Systematic Reviews (PROSPERO;
registration number CRD42024620982) on December 12, 2024. For
statistical analysis we used Review Manager (RevMan 5.4) (The
Nordic Cochrane Centre, Copenhagen, Denmark, 2020).
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2.1 Search strategy

We performed an exhaustive search of all literature regarding the
clinical application of music therapy on burn patients using the
following databases: PubMed, EMBASE, Cochrane Library, and Web
of Science, to identify English-language studies published from the
inception until November 15, 2024. Both MESH terms and free text
words describing ‘the use of music interventions (including music
therapy and music medicine)’ and ‘the measurement of physical
activity outcomes (including pain, anxiety, burn characteristics,
dressing changes, wound care, debridement, and rehabilitation)’ were
used in the search. The articles from both sets were subsequently
combined using the Boolean AND’ operator. We exclusively selected
studies that involved children. Furthermore, the reference lists of the
included articles and pertinent reviews were independently evaluated
to identify additional studies that met the inclusion criteria of
our study.

2.2 Eligibility criteria

The inclusion criteria were as follows: (1) study type: RCTs,
regardless of blinding; (2) Study Participants: Pediatric burn patients
aged 1 day to 20 years, undergoing various procedures such as
dressing changes, debridement, range of motion exercises,
rehabilitation training, and surgery, with no restrictions on sex, burn
size, or burn depth; (3) Study Interventions: in the music group,
participants received music interventions before, during, and/or
after procedures. These interventions included both music therapy
and music medicine, with music being either live or recorded and
covering a wide range of styles. In contrast, the control group
underwent procedures without any musical accompaniment; (4)
study outcomes: The primary outcomes of interest are the changes
in pain and anxiety levels. Secondary outcomes include basic vital
signs, such as heart rate and respiratory rate; (5) sufficient data:
availability of sufficient data for meta-analysis. Exclusion Criteria:
(1) study designs other than RCTs, including quasi-randomized
trials, non-randomized trials, observational studies, case reports,
abstracts, or letters; (2) burn patients with hearing impairment,
cognitive impairment, or communication disorders. (3) studies
where the statistical data cannot be converted or applied; (4)
publications in languages other than English; and (5) duplicate
publications or original articles that are not accessible through
multiple sources.

2.3 Data extraction

Data were carefully and independently extracted from all eligible
studies by two investigators (R. Q, H. H) according to the inclusion
criteria mentioned above using a prespecified Microsoft Excel
spreadsheet. The extracted data included study characteristics (e.g.,
author name, year of publication, total body surface area (TBSA),
sample size, and patient age), effect measurements (e.g., pain score, level
of anxiety, and heart rate and respiratory rate), and quality indicators
(e.g., adequate sequence generation, allocation concealment, and
blinding). Disagreement was resolved by discussion or consulting with
a third reviewer (B. C).
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2.4 Quality assessment

The methodological quality of the studies was independently
evaluated by two investigators (R. Q, H. H) according to the Cochrane
Risk of Bias tool for RCTs (25). The assessment domains encompassed
various aspects such as “randomization procedure,” “deviations from

» o«

intended interventions,

» o«

unavailable outcome data,” “outcome

measurement.

» <«
>

selection of reported outcomes;” and “overall bias”
Each domain was categorized as either “high risk, ““some concerns,
“or “low risk. “Any differences were resolved by consulting with the
corresponding author.

2.5 Statistical analysis

Statistical heterogeneity was determined using Q-test and the I?
statistic. For cases in which p <0.10 and I* > 50%, a random effects
model was applied. Otherwise, a fixed effects model was used. The

10.3389/fneur.2025.1545611

endpoints were SMDs and 95% ClIs. Publication bias was assessed
using Begg’s funnel plot and Egger’s test.

3 Results
3.1 Search results and study characteristics

After performing an extensive electronic search combined with a
manual search, 330 records were identified, resulting in an initial library
of 223 references following the removal of 107 duplicates. 189 records
were excluded on the basis of title or abstract. Thirty-eight full-text
articles reviewed to determine its eligibility for inclusion and exclusion
criteria. After an independent review of titles and abstracts, thirty-four
records were excluded for failing to meet the inclusion criteria. A total of
four RCTs (26-29) were included in the final review (Figure 1).

The following variables were extracted from the included studies: trial
sample size, participant ages and genders, TBSA, procedures, music type,

Records identified through
database searching(n=221)

Additional records identified
through other sources(n=9)

!

[Records after duplicates removed(n=223) J

¥ Records excluded after title and
[Records screened(n=223) ] absract review(n=185)

L

Full-text articles assessed
for eligibility(n=38)

L

Full-text articles excluded, with
reasons

-Study design other than RCT(n=11)
«Not children data(n=15)

E—

*No valid data(n=8)

Studies included in
quantitative synthesis
(meta-analysis)(n=4)

FIGURE 1
Flow chart of the literature search.

Frontiers in Neurology

03

frontiersin.org


https://doi.org/10.3389/fneur.2025.1545611
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Chen et al.

duration, measurement tools, control conditions, and outcomes. These
data are summarized in Table 1. A total of 158 participants were enrolled,
with 79 assigned to the music group and 79 to the control group. One
study involving 20 patients did not provide gender information (26). The
remaining three studies included a total of 138 patients, of whom 47.1%
were male. Two studies did not provide TBSA information (26, 27). The
procedures investigated included dressing changes (26, 27, 29) and
rehabilitation training (28). Three studies compared with routine medical
care (26, 28, 29), while one study compared it with verbal support
interventions (27). One study used live music (27), two studies used
record music (26, 29), and another study employed music with a powerful
and steady beat, similar to the marching drum music of a military band,
specifically composed for walking and typically performed with a military
marching mood (28).

3.2 Outcome measurements

Pain intensity was assessed in three studies (27-29) using the
following measurement tools: the Visual Analogue Scale (VAS) (28,
29), the Wong/ Baker Faces Rating Scale (WBFRS) (27), the Nursing
Assessment of Pain Index (NAPI) (27). Three studies assessed anxiety
descriptors (26, 27, 29) using the following measurement tools: State—
Trait Anxiety Inventory forms (STAI) (26), the Fear Thermometer
(FT) (27) and the Observational Scale of Behavioral Distress-Revised
(OBSD-R) (29). Respiratory rate and heart rate were assessed in the
two studies (26, 27) (Table 1).

3.3 Risk of bias

The risk of bias in the included studies is depicted in Figure 2. One
study did not describe their exact methods of randomization (29).

TABLE 1 Baseline characteristics and primary results of included trials.

10.3389/fneur.2025.1545611

Due to the nature of music intervention, the double-blind evaluation
criteria used in most studies are not realistic. Usually, only blinding of
the evaluators can be considered. One study clearly stated that
blinding of the evaluators was carried out (29). The four related
literatures included in the study were of medium quality and were
considered acceptable for inclusion.

3.4 Primary outcome

3.4.1 Pain

The meta-analysis of three trials with 138 burn patients for
measures of pain intensity demonstrated significant heterogeneity
(I* = 81.6%, P<0.1). The pooled result from the random effects model
demonstrated significant differences in pain scores between the music
intervention group and the non-music intervention group
[SMD = —0.43, 95% CI (—0.80, —0.07)] (26-29) (Figures 3, 4). Music
intervention was found to reduce the pain experienced by burn
patients during treatment procedures.

3.4.2 Anxiety

The included anxiety scores exhibited statistically insignificant
heterogeneity (I* = 44.6%, P > 0.1). The pooled result from the fixed
effects model showed a statistically significant reduction in the anxiety
levels of the burn patients [SMD = —0.66, 95% CI (—1.05, —0.28)] in
the music intervention group compared to those in the non-music
intervention group (26, 27, 29) (Figure 5).

3.5 Secondary outcome

The effects of music intervention on heart rate and respiratory rate
during burn treatment procedures were analyzed based on data from

Author,  TBSA Age Procedure Duration Scale Outcome
year, (%) (year) for
country anxiety
Robb et al. N/A 8-20 T:10 Dressing change | Recorded 30-50 min CON STAIC
(26) C:10 music before and 0-0®
during
procedure
N/A 6-16 T:14/5 M/9F Dressing change | Live music | During Verbal NAPI, FT
Whitehead- C:14/8 M/6F procedure interaction WBEFRS 20
Pleaux et al.
@7) @®
Less 10-15 T:15/8 M/7F Rehabilitation Marching 15 min during = CON VAS
Eid etal. than C:15/6 M/9F training music procedure -
(2021) 20%
9 ~35% 3-6 T:40/16 M/24F Dressing change | Recorded Before and CON VAS OBSD-R
C:40/22 M/18F music during -0
Shoghi et al. dressing
(29) change

TBSA, total body surface area; NA, unavailable; T, experimental group; C, control group; M, male; F: female; CON, control group with routine care; STAIC, the state trait anxiety index for

children; WBFRS, Wong/Baker faces rating scale; NAPI, the nursing assessment of pain index; VAS, visual analog scale; FT, the fear thermometer; OBSD-R, observational scale of behavioral

distress-revised.
Outcome: @ = Pain @ = Anxiety @ = hear rate @ = Respiratory rate.
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FIGURE 2
Risk of bias graph.

Eid2021

-~ . Blinding of outcome assessment {detection hias)

Robh 1995

Shoghi 2022

® ©® ® | @ cindingofparticipants and personnel (performance hias)

..,.

® | ® | ® | ® | selective reporting (reporting bias)

® O O ® | otervias

® | ® | ® | ® | ncomplete outcome data (attrition bias)

® | ~ | ® | @ | Random sequence generation (selection bias)
® | ® | ® | ® | Anocation concealment (selection bias)
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FIGURE 3
Risk of bias summary.

two studies included in the meta-analysis (26, 27). Compared with the
usual care group, the music intervention group did not exhibit a
statistically significant reduction in either heart rate [SMD: 0.20, 95%
CI(—0.49,0.89, p = 0.101) I* = 62.8%] or respiratory rate [SMD: -0.21,
95% CI (~0.90, 0.47) P> 0.1, I* = 10.5%) (Figures 6, 7).

4 Discussion

The objective of this systematic review is to evaluate the
impact of music interventions on pediatric burn patients during

Frontiers in Neurology

treatment or rehabilitation. Our research findings indicate that
music effectively reduces pain and anxiety in children and
adolescents undergoing burn treatment. The meta-analysis of the
four relevant studies consistently supports these conclusions.
Regarding pain intensity, one study reported a significant
reduction in pain in the intervention group compared to the
control group, whereas the other two studies found no significant
effect of music on pain relief. Concerning anxiety levels, two
studies indicated a significant reduction in anxiety in the
intervention group relative to the control group, while another
study found no significant effect of music on anxiety. The
diversity of anxiety measurement (STAI for state anxiety, Fear
Thermometer for fear, OBSDR for behavioral distress) likely
contributed to residual heterogeneity in anxiety outcomes
(I = 44.6%). We note that despite these differences, all measures
showed a consistent trend of reduced negative emotional states
in the music group, suggesting a robust effect of music on
alleviating negative affect broadly. When comparing pre- and
post-intervention measures within the intervention group, all
studies demonstrated a significant decrease in pain and anxiety.
This discovery aligns with the findings of a previous meta-
analysis. Li et al. (10) conducted a meta-analysis encompassing
17 RCTs involving 804 burn patients to assess the impact of music
during treatments. Their results demonstrated a positive
correlation between music interventions and pain alleviation,
anxiety relief, and heart rate reduction in burn patients. Wu et al.
(22) focused on the optimal timing and effects of music therapy
in burn injury patients, revealing that music therapy has a
significant impact on background pain and anxiety. Zhang et al.
(23) performed a network meta-analysis to evaluate the impact
of music therapy and virtual reality (VR) therapy on burn
patients. Their findings indicate that both music therapy and VR
are effective in reducing pain and anxiety, with music therapy
showing a significant advantage in pain relief, while VR
technology is the most effective intervention for anxiety
reduction. They recommend music therapy for pain management
and VR therapy for anxiety management. Our findings align with
their conclusion that music reduces pain/anxiety but add
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Study %

ID SMD (95% Cl) Weight

Whitehead-Pleaux et al.2006 —_— -3.82 (-5.68, -1.96) 392

Eid et al.2021 — -0.21 (-0.93, 0.51) 26.36
Shoghi et al.2022 —— -0.33 (-0.77, 0.11) 69.72
Overall (I-squared = 85.0%, p = 0.001) @ -0.43 (-0.80, -0.07) 100.00
1
1
T * T
-5.68 0 5.68

FIGURE 4
Forest plot of pain.

Study %
ID SMD (95% CI) Weight
Robb et al.1995 g -1.27 (-2.23,-0.30) 15.53

Whitehead-Pleaux et al 2006 < + -1.32 (-2.51,-0.14) 10.41

Shoghi et al.2022 044 (-0.89,-0.00)  74.06

Overall (I-squared = 44.6%, p = 0.164) -0.66 (-1.05, -0.28) 100.00

-2.51 0 251

FIGURE 5
Forest plot of anxiety.
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Study %

ID SMD (95% Cl) Weight
'

Robb et al.1995 L -+ 0.68 (-0.22, 1.59) 58.62
h
'

Whitehead-Pleaux et al 2006 + n -0.49 (-1.57, 0.59) 41.38
'
‘

Overall (I-squared = 62.8%, p = 0.101) <:> 0.20 (-0.49, 0.89) 100.00
'

-1.59

FIGURE 6
Forest plot of heart rate.

1.59

specificity to pediatric populations. We note Zhang et al’s finding
that music is superior to VR for pain, which supports our focus
on music as a feasible pediatric intervention.

Music is known to modulate pain and anxiety through
multiple neural pathways: Consistent with the gate control theory
(20), music activates larger sensory neurons (e.g., AP fibers) to
inhibit pain signal transmission in the spinal dorsal horn (30).
Additionally, music stimulates the release of endorphins and
dopamine in the ventral striatum and prefrontal cortex, which
directly reduce pain perception (31). Music intervention affects
the amygdala (a key region for emotional processing) by reducing
its hyperactivity, which is associated with anxiety (32). It also
modulates the hypothalamic-pituitary-adrenal (HPA) axis,
lowering cortisol levels (33).

For children, the process of severe burns is often terrifying and
painful. They may need extra time to explain more procedures, and
also need to rest when they become severely distressed or aggressive.
If the intervention of music therapy can improve the compliance of
pediatric patients, then the time spent repeatedly soothing patients,
taking breaks due to severe pain, or dealing with patients who try to
resist treatment will be much less. Greater compliance may help
reduce the cost of medical procedures.

The forms of music intervention utilized in our research are
diverse, and additional studies are required to identify the most
effective practices for using music-based interventions to alleviate
pain and anxiety. The impact of patient-selected music, the type of
playback equipment (e.g.,

headphones, speakers, live

Frontiers in Neurology

performances), the volume of the music, and the duration of
listening on pain and anxiety levels remains unclear. Some studies
suggest that music may not be the primary factor influencing pain
and anxiety scores but rather serves as a general auditory
distraction. Suresh et al. (34) compared pain scores between
participants exposed to music and those listening to audiobooks,
demonstrating that audio therapy can be an effective adjunctive
method to reduce post-surgical pain in children undergoing major
surgeries. While Kim et al. (35) found no statistically significant
differences in anxiety scores between children who heard their
mothers singing (music) and those who heard their mothers
speaking (non-music). We connect Suresh et al. and Kim et al. to
discuss whether music acts via distraction (vs. specific auditory
features), noting that our results support distraction as a potential
mechanism (consistent with gate control theory). Further research
is needed to investigate the comparative effectiveness of music
versus other audio therapies.

The broad age range (covering neonates to adolescents) is a
critical consideration, as developmental stages influence music
perception, pain/anxiety expression, and response to
intervention. Infants (1 day to 2 years) rely on physiological/
behavioral cues (e.g., crying, heart rate) for pain/anxiety
assessment, while older children/adolescents use self-report
scales (e.g., VAS). Music preferences also vary (e.g., lullabies for
infants vs. preferred genres for adolescents). Age-related
differences may contribute to heterogeneity in pain outcomes

(I* = 81.6%). Subgroup analyses by age (e.g., <5 years vs. >5 years)
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Study %

ID SMD (95% Cl) Weight
'

Robb et al.1995 < . -0.52 (-1.41,0.37) 58.60
|
|
'

Whitehead-Pleaux et al 2006 . <+ 0.23 (-0.84, 1.29) 41.40
!
!
0
|

Overall (l-squared = 10.5%, p = 0.291) <;> -0.21 (-0.90, 0.47) 100.00
|
|
|
|
|
|
!

T * T
-1.41 1.41
FIGURE 7

Forest plot of respiratory rate.

were attempted but limited by small sample sizes in individual
studies. Future research should stratify by age to clarify whether
music interventions are more effective in specific
developmental stages.

This systematic review and meta-analysis represented the
first effort to assess the efficacy of music interventions for
pediatric burn patients during treatment, based on RCTs.
Nevertheless, the findings should be interpreted with caution due
to several limitations inherent in the original studies. Firstly,
among the four included studies, the risk of bias was generally
moderate. The overall trial quality was compromised due to the
absence of concealed allocation and blinded therapist assessment
of outcomes. Secondly, the number of included RCTs was limited,
and the sample sizes in most of these trials were relatively small.
The I* statistic (e.g., 81.6% for pain) may overestimate
heterogeneity due to sparse data, and the Q-test may lack
sensitivity to detect true heterogeneity. We emphasize that the
significant pooled effects (pain: SMD =-0.43; anxiety:
SMD = -0.66) should be interpreted with caution, and larger-
scale RCTs are needed to validate the findings. Thirdly, there was
significant heterogeneity across the studies in terms of patient
populations, types of music interventions, and treatment
modalities. Fourthly, Music may evoke negative emotions (e.g.,
nostalgia, trauma) if not patient-selected, especially in
adolescents with prior negative associations with specific genres.

No included studies reported such adverse events, possibly due

Frontiers in Neurology

to the use of neutral/soothing music. Future studies should
monitor for adverse reactions and prioritize patient-selected
music to mitigate risks.

5 Conclusion

In conclusion, our findings from four randomized controlled
trials provide evidence that music intervention can serve as a valuable
complementary strategy in the management of pediatric burn
patients, helping to alleviate pain and reduce anxiety during
treatment. Importantly, music intervention is not proposed as a
replacement for standard pharmacological or clinical care—such as
analgesics, anesthetics, or routine medical procedures—but rather as
an adjunctive approach that enhances holistic management. By
addressing pain and anxiety through a non-pharmacological,
non-invasive means, music intervention contributes to a more
comprehensive treatment framework, potentially improving patient
comfort, compliance, and overall treatment experience without
compromising the efficacy of standard care. Given the limitations of
the current evidence—including moderate risk of bias in included
studies, small sample sizes, and heterogeneity in intervention
protocols—further high-quality research with larger cohorts is
warranted. Future studies should explore optimal parameters of
music intervention (e.g., type, duration, delivery method) and its
long-term effects, to better define its role in supporting pediatric burn
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patients alongside established clinical practices. Ultimately,
integrating music intervention into holistic care plans may offer a safe
and accessible way to enhance the well-being of this vulnerable
population during treatment.
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