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Background  
Although the neuroscience of music’s adaptive influence—and trauma’s deleterious 
influence—on brain development has been extensively studied, clinical research is 
limited regarding what effects live music participation may have on trauma-reactive 
symptomatology in the specific setting of a long-term psychiatric residential treatment 
facility (PRTF) for children. 

Purpose  
Building from a conceptual framework that theorizes a complex interplay of maladaptive/
protective factors shaping phenotypic outcomes after experienced childhood 
maltreatment, we hypothesize that regular participation in live music therapy (LMT), an 
inherently active and interactive form of music-based intervention, can help reduce 
externalizing behaviors and, by extension, involvement in psychiatric emergencies 
(codes) as well as receipt of as-needed medications (PRNs) among youth hospitalized at 
trauma-focused PRTFs. 

Methods  
To test our hypothesis, we retrospectively examined whether regular engagement with 
LMT made a difference from treatment as usual (TAU) in reducing average codes and 
PRNs among 12 patients at a trauma-focused PRTF for youth ages 8–12 years with a 
history of childhood maltreatment. Average codes and PRNs were initially calculated for 
each patient per intervention period, followed by interrupted time series analysis looking 
at change in collective average codes and PRNs per week among the study population for 
the 4 weeks before, 8 weeks during, and 4 weeks after participation in weekly, hour-long 
LMT sessions (the intervention). 

Results  
Following the intervention, roughly 90% of patients showed a downward trend in average 
codes and PRNs. Although interrupted time series analysis reflected a net reduction in 
average codes and PRNs during and following the intervention, it is not possible to say 
from this whether LMT was contributory beyond TAU due to the lack of a control group. 

Conclusion  
This pilot study aimed to investigate the effects of LMT at a trauma-focused PRTF for 
youth. To our knowledge, this is the first published attempt to assess the objective 
outcome measures of change in codes and PRNs following music-based intervention in 
this setting. While we were unable to separate the effects of LMT from TAU due to study 
limitations, our results support further investigation of the role LMT could play in 
attenuating acute externalizing symptomatology among trauma-reactive youth 
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hospitalized at PRTFs with a potential benefit of reducing overmedication among this 
at-risk population. 

INTRODUCTION 

Active engagement with music is known to affect myriad 
brain structures, cortical circuits, and mental/cognitive 
functions, including emotion and memory, with the associ
ated benefit of stimulating neuroplasticity.1 By contrast, re
gions/systems of the brain mediating these processes—par
ticularly the amygdala, hippocampus, anterior cingulate 
cortex, corpus callosum, and hypothalamic-pituitary-
adrenal axis—are associated with structural and functional 
alterations following experienced trauma,2,3 particularly 
childhood maltreatment, including abuse/neglect, and 
other adverse childhood experiences. In 2022, researchers 
at the Upadhyay lab at Boston Children’s Hospital proposed 
a biobehavioral framework correlating maltreatment expe
rienced during vulnerable stages of child development with 
neurobiological changes that may precipitate aberrant pro
cessing of pain and contribute to the development of psy
chiatric illness. They theorized that a complex interplay 
of maladaptive and protective factors contributes to phe
notypic outcomes in the aftermath of trauma experienced 
during childhood.4 

Although the neuroscience of music’s adaptive influ
ence—and trauma’s deleterious influence—on brain devel
opment has been extensively studied, clinical research is 
limited regarding what effects live music participation 
might have on trauma-reactive symptomatology in the spe
cific setting of a long-term psychiatric residential treat
ment facility (PRTF) for children.5,6 In their scoping review 
of music therapy research published on youth with adverse 
childhood experiences, Abrahams and colleagues further 
underscore the need for methodologically rigorous, well-
designed studies to strengthen conclusions about the ef
fects of music-based intervention among this population.6 

With these considerations in mind, we designed a ret
rospective single-arm cohort study examining what effects 
live music therapy (LMT) had on mitigating trauma reac
tivity among 12 patients at an inpatient PRTF for youth 
ages 8 to 12 years who experienced childhood maltreatment 
(Table 1). Additional PRTF program acceptance criteria in
cluded previous hospitalization for harm to self or others 
and failure of less restrictive environments. Building from 
the aforementioned conceptual model, a central premise of 
our study is the hypothesis that sustained, active engage
ment with live music, by promoting neuroplasticity and 
positively modulating attention/arousal, can serve as a sig
nificant protective mechanism countering the maladaptive 
neurobiological changes associated with childhood mal
treatment. Accordingly, we hypothesize that regular par
ticipation in LMT, understood as an inherently active and 
interactive form of music therapy, can help reduce exter
nalizing behaviors and, by extension, involvement in psy
chiatric emergencies (codes) as well as receipt of as-needed 
medications (PRNs) among youth hospitalized at trauma-
focused PRTFs. 

Table 1. Patient Demographics   

Age n 

8-10 y 5 

11-12 y 7 

Gender 

Female 3 

Male 9 

Race/ethnicity 

African American 2 

Caucasian 10 

IQ 

Average 4 

Low average 4 

Borderline or 
unknown 

4 

Custody 

Family 2 

State 10 

Prior residence 

Family home 3 

Foster home 5 

Group home 2 

Shelter 2 

Primary ACES 

Both CA and CN 10 

Only CA or CN 2 

DSM-5 diagnoses 

≥75% ADHD 

Up to 75% PTSD 

Up to 50% DD, ODD, TSRD 

≤25% 
AD, BED, CD, DMDD, ID, 

OCD 

Psychiatric medications 

≥75% 
Alpha-2 agonist, 
antidepressant 

Up to 75% Atypical neuroleptic 

Up to 50% Stimulant 

≤25% 
Antiepileptic (for mood 

stability) 

LMT sessions attended (of 8) 

≥7 sessions 8 

≤6 sessionsa 4 

AD = anxiety disorder (category); ADHD = attention-deficit/hyperactivity disorder; BED 
= binge-eating disorder; CA = child abuse; CD = conduct disorder; CN = child neglect; 
DD = depressive disorder (category); DMDD = disruptive mood dysregulation disorder; 
ID = intellectual disability; LMT = live music therapy; OCD = obsessive-compulsive dis
order; ODD = oppositional defiant disorder; PTSD = posttraumatic stress disorder; TSRD 
= trauma- and stressor-related disorder. 
aTwo patients were discharged early before completion of LMT. 
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METHODS 

To test our hypotheses, we conducted chart review of unit 
documentation regarding primary outcome measure of 
change in externalizing symptoms, as well as secondary 
outcome measure of change in internalizing symptoms (eg, 
depression, anxiety, social withdrawal), among the study 
population before, during, and after participation in once-
weekly, hour-long LMT sessions (the intervention). LMT 
took place over an 8-week period as an option for patients 
during regularly scheduled recreational therapy time, 
which included alternatives such as coloring/drawing, 
gameplay, or other leisure activities. Participation was vol
untary, and the study was reviewed/approved by an institu
tional review board. The concept grew from a child and ado
lescent psychiatry fellowship training experience, in which 
the first author (M.L.) volunteered to play/teach guitar and 
sing popular songs with patients every Friday for 8 weeks 
during a clinical rotation at the PRTF. 
Change in externalizing symptoms (eg, behavioral dys

regulation, verbal/physical aggression) was measured by 
documentation of patient involvement in codes and num
ber of PRNs received due to agitated behavior, while change 
in internalizing symptoms was measured by patient self-
report of mood, for the 4 weeks before, 8 weeks during, 
and 4 weeks after the intervention. These time frames were 
maximized to the extent possible, with limitation by the 
unpredictable nature of admissions/discharges on the unit. 
Average codes and PRNs were initially calculated for each 
patient per intervention period, followed by interrupted 
time series (ITS) analysis looking at change in collective av
erage codes and PRNs per week. ITS was chosen to assess 
available longitudinal data in context of a preintervention/
postintervention structure but no true control group due to 
logistic constraints. 

RESULTS 

Following 8 weeks of LMT, roughly 90% of patients showed 
a downtrend in average codes and PRNs (Figure 1). Change 
in internalizing symptoms was less prominent with roughly 
50% of patients reporting a generally euthymic mood dur
ing the same period. While objective data pertinent to 
change in externalizing symptoms were readily available/
quantifiable, retrospective analysis made change in inter
nalizing symptoms harder to standardize/quantify and lim
ited this outcome measure to mood self-report; use of 
prospectively selected, validated assessment tools would 
help address this in a future iteration of such a study. 
Although ITS analysis reflected a net reduction in av

erage codes and PRNs during and following the interven
tion (Figure 2), it is not possible to say from this whether 
LMT was contributory beyond treatment as usual (TAU). 
Of note, the rate of decrease in average weekly codes was 
not statistically significant before LMT began but became 
statistically significant after the intervention; however, the 
model’s estimate of the intervention’s contribution to this 
rate of change was positive and not statistically significant 
by itself. Likewise, the rate of change to average daily PRNs 

was sharply negative before LMT began and became less 
sharply negative afterward, while the model’s estimated 
impact of the intervention was positive. 

DISCUSSION 

Our ITS findings seem to have been driven in part by an 
idiosyncratically high number of PRNs administered during 
weeks 1 and 6. Thus, these effects may have been driven by 
specific patients in specific weeks. All these findings must 
be interpreted with caution in light of the small study pop
ulation and lack of a true comparator group. While our in
tention had been to analyze outcomes against a control of 
similar patients for whom the intervention had not been of
fered, practical limitations led us to choose ITS analysis as a 
means of creating a preintervention/postintervention com
parison. A larger, preferably multicenter, study comparing 
LMT implementation to a cohort of similar patients en
gaged with another music-based intervention (such as re
ceptive listening to recorded music rather than active par
ticipation in LMT), other modes of arts-based therapy (such 
as painting and/or creative writing), and/or TAU alone, 
would be necessary to determine whether engagement with 
LMT contributed to the outcome measures beyond TAU. 
In an ideal world, TAU in a trauma-focused long-term 

PRTF for youth occurs in a therapeutic milieu where med
ication management, psychotherapy, and schooling take 
place over a period of 4 to 6 months. In such a treatment 
setting, it is to be expected that TAU would lead to a pro
gressive reduction in trauma-reactive symptomatology, 
which was observed in our study. Our hypothesis that LMT 
would steepen the downward slope in codes and PRNs, 
however, was not observed. Numerous factors may have 
impacted patient response to LMT, including but not lim
ited to unit milieu, school/psychosocial stressors, peer/staff 
reactivity, psychiatric medication adjustments, trauma-in
formed therapy response, individual music taste, and dura
tion/frequency of the intervention. 
Variability in length of stay complicates continuity of 

cohort participation in such a study, accounting for the 
shorter pre-LMT/post-LMT periods (4 weeks) vs the inter
vention period (8 weeks), which we recognize as a limita
tion. The small sample size in this single-site pilot study 
(N = 12), while consistent with typical inpatient units for 
trauma-reactive youth given the unique behavioral chal
lenges such patients demonstrate, also reduces the power 
of our findings. However, it is precisely within this popu
lation/setting that we would anticipate a more robust re
sponse to LMT in terms of potential for externalizing symp
tom mitigation. 

CONCLUSION 

This retrospective single-arm cohort study aimed to inves
tigate the effects of LMT at a trauma-focused inpatient 
PRTF for children. To our knowledge, this is the first pub
lished attempt to assess the objective outcome measures 
of change in codes and PRNs after music-based interven
tion in such a setting. While we were unable to separate 
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Figure 1. Average Codes and receipt of as-needed medications (PRNs) by Individual Patient (Intervention             
Periods: 4 Weeks Before, 8 Weeks During, and 4 Weeks After Live Music Therapy)               

Figure 2. Interrupted Time Series (ITS) Analysis on Unit Average Codes and receipt of as-needed medications               
(PRNs) (Intervention Periods: 4 Weeks Before, 8 Weeks During, and 4 Weeks After Live Music Therapy)                 

the effects of LMT from TAU due to the lack of a control 
group, our results support further study. As outcome mea
sures did continue to improve after the addition of LMT, we 
suggest that it would be an interesting progression of this 
project to design a prospective multiarm cohort study with 
a comparator group and standardized intervention model, 
ideally including increased duration/frequency of LMT ses
sions led by trained facilitators with music selection tai
lored to match patient interests. Our hope is that this pilot 
study may serve as a foundation for future research inves
tigating the role LMT could play in attenuating acute ex
ternalizing symptomatology among trauma-reactive youth 
hospitalized at PRTFs with a potential benefit of reducing 
overmedication among this at-risk population. 

PLAIN LANGUAGE SUMMARY 

Hospitalized youth who have experienced trauma often 
present with externalizing symptoms, including physical 
aggression, which can lead to psychiatric emergencies 
(codes) and administration of as-needed medications for 
behavioral stabilization. 
This pilot study examined whether regular engagement 

with live music therapy made a difference in reducing 

trauma-reactive symptomatology and, by extension, in
volvement in codes as well as receipt of as-needed med
ications among 12 patients at an inpatient psychiatric res
idential treatment facility for youth ages 8 to 12 years who 
experienced childhood maltreatment. 
Following 8 weeks of live music therapy, roughly 90% 

of patients showed a downtrend in average codes and as-
needed medications. Although we were unable to separate 
the effects of live music therapy from treatment as usual 
due to study limitations, our results support further inves
tigation of the role live music therapy could play in atten
uating acute externalizing symptomatology in trauma-re
active youth at psychiatric residential treatment facilities 
with a potential benefit of reducing overmedication among 
this at-risk population. 
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