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Abstract Epidemic increases in opioid use in the USA and
globally highlight the need for effective adjunctive therapies to
opioid-based analgesia. Given the shortcomings of behavioral
adjuncts to opioid-based pain treatment, an urgent need exists
for pain-related behavioral interventions that resonatewith broad
patient populations, can be delivered confidentially in any envi-
ronment, and can incorporate new content automatically.
Understanding the potential for automated behavioral therapies
like music therapy in modulating the experience of pain may
unlock methods to transition patients to lower doses of pharma-
cologic therapy or provide alternatives to opioids during acute
exacerbations of pain. This manuscript describes the neurologic
mechanism of action, theoretical basis, and potential applica-
tions of personalized music as a smartphone-based mHealth
intervention for acute and chronic pain management.
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Introduction

Epidemic increases in opioid use highlight the need for effective
adjunct therapies to opioid-based analgesia [1–4]. Behavioral
therapies to improve analgesia are designed to reconfigure
how individuals anticipate, perceive, and respond to pain. As
an integral component of the multidisciplinary approach to pain,
behavioral interventions address individual perceptions of pain,
reinforce adherence to pharmacologic therapy, and frame pain in
a more manageable context. Behavioral interventions for pain
teach techniques to minimize psychosocial distress (e.g.,
catastrophizing, depression) while increasing pain acceptance
through cognitive behavioral therapy (CBT) or mindfulness
(MT) [5, 6]. These techniques have been demonstrated to be
efficacious in decreasing chronic pain-related problems.

Unfortunately, existing behavioral interventions for pain
suffer from several shortcomings. First, CBT and MT are time
intensive techniques; even Internet or mobile-based adaptations
of these therapies require that users learn behavioral techniques.
Second, patients with chronic, unremitting pain may need life-
long interventions; behavioral therapy may need to be unend-
ing as well. CBT and MT interventions are skills that may
denature over time. Given the lifelong nature of chronic pain,
individuals may need periodic refreshers to ensure behavioral
interventions persist. Finally, many of the behavioral interven-
tions in current use suffer from limited content. For example, a
Blarge^ library of text messages to be used as behavioral sup-
ports may have limited messages especially considering the
length of time a patient may need to use these behavioral sup-
ports; patients may quickly tire of receiving material drawn
from this small group of content, a process known as
Bintervention fatigue.^ Given the shortcomings of behavioral
adjuncts to opioid-based pain treatment, an urgent need exists
for pain-related behavioral interventions that resonate with
broad patient populations, can be delivered confidentially in
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any environment, and can incorporate new content automati-
cally. With its almost universal appeal, music may be an inno-
vative adjunct to standard pharmacologic therapy for pain that
is non-stigmatizing, can be delivered by mobile devices, re-
quires little teaching, and may present an ever evolving yet
personalized intervention to individuals suffering from chronic
pain [7, 8]. This paper describes the neurologic mechanism of
action, theoretical basis, and potential applications of music as
a behavioral intervention for pain management.

Music as a Behavioral Intervention

Music, one of the most abstract of all art forms, can nonetheless
depict places, people, or events through sound and serves several
functions related to communication, social cohesion, and emo-
tional reward [9, 10]. Synesthesia is the neurological phenome-
non in which stimulation of one sensory or cognitive pathway
leads to automatic, involuntary experiences in a second sensory
or cognitive pathway encapsulates this, such as hearing music
and seeing vivid colors (also known as chromesthesia). The an-
thropological history of music includes its incorporation into
healing andmedicine; every culture has described the importance
of creating and listening to music. For example, the ancient
Egyptians used song as a modality to heal the sick, while
Hippocrates believed music as deeply intertwined with the med-
ical arts [11, 12]. Music has emotive effects, including a near-
universal ability to trigger pleasurable responses [13]. Music is
expressive; individuals may trigger a variety of emotions through
creating music in groups or individually. Via its ability to modify
the affective or cognitive state of the listener, music can be
adapted to function as a behavioral intervention for pain.

Neurologic Basis of the Effect of Music on Affective States

Music is similar to other positively valenced stimuli such as
money, sexual encounters, food, and psychoactive drugs that
affect dopaminergic neurotransmission in the mesolimbic
striatal system, the pathway implicated in reward, reinforce-
ment, and motivation [9, 14–16].

The impact ofmusic on the location and intensity of change in
dopamine activity has been investigated by neuroimaging tech-
niques. Functional magnetic resonance imaging (fMRI) studies
have identified that the Bwanting^ phase (where a person wants
to hear a pleasurable song) and Bliking^ phases (where the indi-
vidual is rewarded with the pleasure of music) map to distinct
brain regionswithin the caudate and nucleus accumbens [17, 18].
In these fMRI studies, the greatest dopamine response occurred
immediately before peak emotional response [14, 15]. This spike
in dopaminergic activity predominated in the striatum, a network
of brain regions implicated in learned, reward-relevant, stimulus-
response associations [14, 19]. Greater dopaminergic responses
were initially observed in ventral striatal regions, but transitioned
to more motor-oriented dorsal striatal areas as rewards become

better predicted [14, 15]. These findings demonstrate that dopa-
mine release in response to expectation, anticipation, and reward
is triggered bymusic found desirable to the listener [20]. A recent
resting-state fMRI study in patients with fibromyalgia who self-
selected preferred and self-identified relaxing music correlated
reduction of pain with increases in resting-state fMRI blood ox-
ygen level-dependent signal amplitude in the left angular gyrus
[21]. These data suggest that listening to well-liked pleasant mu-
sic enhances functional connectivity between dorsal striatal struc-
tures and elements of the default mode network, potentially
highlighting music’s role in influencing the valence and reward
characteristics of multimodal sensory processing in patients with
chronic pain [22]. Simply stated, pleasurable music changes neu-
ronal pathways is patients suffering from painful conditions.

Exposure to music also produces beneficial effects on au-
tonomic nervous system functioning, inducing adaptive
changes in heart rate variability, electrodermal activity, skin
temperature, and locomotion [18]. Continuous measurements
of sympathetic nervous system activity in research partici-
pants listening to music demonstrated physiologic signs of
emotional arousal; this sympathetic nervous system activity
correlated strongly with real-time subjective ratings of plea-
sure [20, 23]. Conversely, participants who listened to songs
that did not elicit subjective pleasure had no corresponding
increase in physiologic measures of emotional arousal [18].

The experience of music as either Bpleasurable^ or
Bunpleasurable^ may be partially mediated by the opioid re-
ceptor axis in the CNS. The emotion of Bwanting^ to hear a
pleasurable song is associated with an increase in circulating
endogenous opioids and an increased expression of the mu
opioid receptor [22, 24]. Conversely, antagonism ofmu opioid
receptor function (e.g., with a competitive antagonist such as
naltrexone) produces decreases in the subjective desirability
of music and in the reported Bthrill^ of music listening [25].
Collectively, the ability of music to modulate affective state
via its effects on circulating endogenous opioids and mu opi-
oid receptor expression suggests that a tailored music-based
behavioral intervention could be effectively used as an adjunct
to pharmacologic therapy in treatments of pain [20, 24].

Theoretical Basis of Music as an Intervention for Pain

Music, with its abilities to improve affect and mood, intercalates
well with gate-control theory of pain developed by Melzack and
Wall as well as the subsequent neuromatrix theory of pain (Fig.
1) [26, 27]. These theories hold that pain is multimodal in origin,
where physiological and psychosocial processes alter the percep-
tion and evaluation of pain. The confluence of these theories has
altered approaches towards chronic pain from amonolithic focus
on pharmacologic therapy to a multimodal strategy that inte-
grates a variety of interventions addressing the broad array of
biopsychosocial contributors to the experience of pain [28].
This biopsychosocial model of pain emphasizes a view of pain
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as a complex sensory and emotional experience. Broad endorse-
ment of this biopsychosocial approach to pain has led to increas-
ing interest in treatment strategies that are aimed at the self-
management of chronic pain rather than its cure [28].
Psychologically based interventions as adjunct treatments for
pain, the popularity of which has grown in recent years, have
the aim of attenuating symptoms, one goal of which is to de-
crease reliance on pharmacologically based therapies. Music,
with its ability to increase pleasure by activating dopaminergic
reward circuitry in the central nervous system, has been demon-
strated to blunt the pain response and therefore function as a
neurobiology-based intervention that improves both acute and
chronic pain [29, 30].

Music reduces the considerable postoperative pain observed
in thoracic or spine surgery as well as minor operative proce-
dures [29, 31, 32]. Music therapy also decreases perioperative
opioid use as well as the overall amount of opioids delivered by
IV-PCA to surgical patients [32]. Music has an anxiolytic effect
as well. Anxiety and other signs of stress also decrease in re-
sponse to music [30, 33]. For example, music effectively re-
duces catastrophizing about burn dressing changes, epidural
catheter placement, and bone marrow biopsies [7, 34, 35].
Decreases in indices of stress and sympathetic nervous system
activation, as well as pain, occur whenmusic is used in the time
surrounding surgery; the effect size is the greatest when music
is administered preoperatively, when anxiety is the highest.
Music played during general anesthesia is, unsurprisingly, less
effective than conscious listening [29, 36, 37]. Some analyses
identified that these effects were most prominent when patients
could select which music they could listen [29].

Despite this promising evidence of music to modulate the
psychological and physiologic response to pain, important ques-
tions remain about the timing and choice of music and how to
maximize its potential as an adjunct behavioral intervention in
pain. For instance, the tailoring ofmusic to a patient’s preferences
or memories, or even in response to real-time detection of opioid
ingestion or stressful events, might improve the music’s efficacy
in reducing pain. Locus of control (e.g., whether themusic is self-
or experimenter-selected) may alter adherence to and efficacy of

a music intervention, although studies have demonstrated benefit
of both patient self-selection and experimenter-selected music
[38–40]. Overall, we hypothesize that patient self-selection of
desirable songs may improve retention in longitudinal interven-
tions, and facilitate the optimization of Bdosing^ including dura-
tion, settings, and volume of music interventions, which may in
turn maximize the efficacy of music-based analgesic treatments.

Innovative Strategies for Tailoring Music to Improve Pain

Ideally, music therapy can be tailored to both individual pref-
erence and indices of pain level. Three existing methods to
curate digital music content could potentially be used to
achieve this real-time, individualized tailoring: (1) active per-
sonal curation (e.g., individual searching for music and adding
it to a personalized playlist), (2) professional curation (an au-
thority in music curating content), and perhaps most appeal-
ing, (3) automated discovery. Techniques of active personal
curation, professional curation, and automated discovery form
the basis for commercial delivery of music. Most music inter-
ventions describe active personal curation (participant locus of
control) or professional curation (experimenter locus of con-
trol). The use of automated discovery to deliver music inter-
ventions has yet to be investigated.

Automated discovery, commercialized by popular online
music providers like Spotify and Pandora, offers an intriguing
solution to intervention fatigue. It can, in theory, provide end-
lessly novel, but appropriate, music choices to behavioral in-
terventions. Automated discovery consists of two parts—col-
laborative filtering and content-based modeling. Collaborative
filtering is a process in which users with similar music prefer-
ences are matched, playlists indexed, and unique songs that a
user may not possess highlighted—resulting in new content
that is likely to be accepted by the user. Content-based model-
ing utilizes machine learning to assign specific attributes to
phrases of music (i.e., musical Bgenes^) [41]. An algorithm
then searches libraries of music across genres and periods to
find matching musical genes, thereby creating a list of new
songs recommended to the user.

Fig. 1 The neuromatrix theory of pain describes the effect of
neurotransmitters and psychosocial basis of pain. Treatment of pain
therefore incorporates both bases for pain by providing pharmacologic
therapy (opioids) and behavioral interventions (CBT/MT). Music can

address both the neurotransmitter and psychosocial basis of pain
through regulation of endogenous opioid circulation, increasing
dopamine reward pathways, increasing positively valenced emotions,
and decreasing catastrophizing
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Automated discovery is appealing because it provides a
method to provide ever-new content to a patient managing a
chronic disease (e.g., chronic pain); it also permits patients to
manage the Bdosage^ of music they require in response to pain.
An additional feature of automated discovery is that recom-
mendation accuracy improves with use by the individual and
with greater numbers of users. For example, a group of patients
managed by a chronic pain service who use automated discov-
ery to access songs that improve positive affect and decrease
opioid use will then receive improved recommendations that
parallel increased patient participation, leading to persistence of
the intervention. At the same time, groups of patients with pain
may curate desired songs among themselves, creating a library
of music interventions that respond to the affective cues of a
specific group. As new songs are written and digitized, they
increase the potential library providing automated, novel con-
tent for users, thereby mitigating intervention fatigue.

In addition to facilitating automated discovery, musical
genes can also be used to create songs de novo. By understand-
ing the musical genes that improve a patient’s affect through
automated discovery, affect-improving phrases of music can be
stitched together to create novel passages of music that modu-
late pain. This concept of tailoring music based on automated
discovery provides an innovative and unique approach com-
pared to existing music behavioral interventions.

Roles of the Toxicologist in Music and Pain Management

Medical toxicologists have a growing experience using inno-
vative mobile technologies in substance abuse investigations
[42–46]. Understanding the ability of music to modulate pain
may provide alternatives to opioids. An improved understand-
ing of the relationship between pain, stress, anxiety, and the
neurotransmitters which modulate these states will help inves-
tigators tailor music as a personalized therapy for individuals
with chronic pain or substance abuse. Toxicologists may ap-
ply their expertise in medication adherence and substance
abuse to create models where music enhances adherence to

non-opioid analgesics by improving an individual’s percep-
tion of their pain. Finally, any condition which responds to
improvements in positive affect is potentially amenable to
music as an intervention.

Potential Research Avenues

At present, a single behavioral intervention does not apply
broadly across conditions; a behavioral theory (e.g., the
Theory of Reasoned Action) might serve as a grounding for a
wide number of interventions, but each single intervention ap-
plies to a unique condition (e.g., Life Steps rooted in Cognitive
Behavioral Theory supports antiretroviral adherence in HIV+
men who have sex with men, while Motivational Interviewing
supports cannabis abstinence in cannabis-dependent individ-
uals) [47]. This odd situation is analogous to inventing a unique
antibiotic for each type of infection, at the time the infection
appears. Treatments based on music—as a universal art
form—have the potential to revolutionize behavioral interven-
tion development by eliminating the need to recreate a new,
unique behavioral intervention for each disease state that re-
sponds to positive affect. Because of the nearly universal use
of music across cultures and socioeconomic status, additionally,
understanding what the features of music that modulate affect in
the context of real-life events is unknown. Our proposed line of
investigation, therefore, is first to assess the acceptability and
usability of music in an outpatient pain clinic (Table 1). Next,
once acceptability is established, the assessment of endpoints
such as decreased pain, changes in psychosocial distress, and
the degree of pharmacologic therapy needed in conjunctionwith
music interventions should be considered. Delivery of music
interventions can be scheduled around times when individuals
ingest opioids; alternatively, music interventions could be avail-
able at all times, allowing individuals to tailor the timing as well
as dose of music intervention. Finally, understanding the correct
dosing and duration of music behavioral interventions is impor-
tant. Whether music interventions can be delivered in a fashion
similar to CBT—initial bursts of intervention followed by

Table 1 Potential concepts and study designs to assess music as a behavioral intervention for pain

Potential research concept Study design Outcome

Locus of control Randomized participants to participant centered versus
experimented centered locus of control in music selection

• User preference for locus of control
• Adoption of intervention

Dosing of music intervention Investigating the timing of music interventions scheduled
around opioid administration, painful events versus
participant-initiated music

• Uptake of participant-initiated dosing
• Learned used of music interventions by participants

Pharmacologic therapy Dosed music as an adjunct to opioid use in chronic pain • Opioid ingestion patterns
• Increased dosing of music in response to escalating

opioid ingestion patterns

Music as a behavioral intervention Implementing a tailored, automatic discovery music
intervention used by participants with chronic pain

• Changes in pain scales
• Changes in psychosocial phenotypes
• Sustainability of a music intervention
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Brefresher^ sessions—or whether music can be delivered in
response to increasing pain or escalating opioid use should be
another important line of investigation.

Pitfalls in Music Therapy for Pain

Despite the promising ability of music to temper the perception
of pain, multiple limitations exist in its deployment. Methods
through which individuals experience pain are highly variable,
and the exact point at which amusic interventionmaymodulate
the development of chronic pain remains unknown. Designing
studies that assess the efficacy of music are complicated by
variations in methods of music delivery (headphones with
noise canceling, delivery at home, or during clinic visits), de-
gree of control in song selection, and the appropriate timing of
music interventions. Although we focus on the passive listen-
ing of music in this paper, evidence suggests that the effects of
music may be augmented during the active generation of mu-
sic—whether through rhythmic drum circles, singing, or instru-
mental ensembles [20]. These concepts may alter the efficacy
of music in substance abuse treatment if deployed as a part of
group therapy in comparison to individual therapy sessions.
Similarly, the locus of control may alter the efficacy of music.
Although it may seem intuitive that a user-centered locus of
control in a music intervention would increase its use and ac-
ceptability, shifting the locus of control to the investigator or
therapist may allow for standardized music delivered to study
participants. Finally, the timing and method of music interven-
tions—whether music is delivered immediately prior to sched-
uled pharmaceutical therapy in pain, or in response to medica-
tion ingestion, and the use of smartphone apps or text message
prompts to listen to music—remain to be investigated.

Conclusions

Digitized music, delivered via mobile devices such as
smartphones, can be innovatively combined with automated
discovery algorithms to generated tailored music lists de-
signed to modulate pain and decrease opioid use. Music aug-
ments positive reward pathways in the brain and functions to
reinforce healthy engagement with disease states, including
chronic pain. By leveraging automatic discovery through vast
libraries of songs across multiple users or the stitching of
music genes to create continuously novel songs, music inter-
ventions can continue to provide novel content to users as they
develop personalized self-management approaches to reduce
acute and chronic pain.
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