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Abstract

Purpose of Review There is emerging evidence that music therapy and other methods using music and rhythm may meaningfully
improve a broad range of symptoms in neurological and non-neurological disorders. This review highlights the findings of recent
studies utilizing music and rhythm-based interventions for gait impairment, other motor symptoms, and non-motor symptoms in
Parkinson disease (PD) and other movement disorders. Limitations of current studies as well as future research directions are
discussed.

Recent Findings Multiple studies have demonstrated short-term benefits of rhythmic auditory stimulation on gait parameters
including gait freezing in PD, with recent studies indicating that it may reduce falls. Demonstration of benefits for gait in both
dopaminergic “on” and “off” states suggests that this intervention can be a valuable addition to the current armamentarium of PD
therapies. There is also emerging evidence of motor and non-motor benefits from group dancing, singing, and instrumental music
performance in PD. Preliminary evidence for music therapy and music-based interventions in movement disorders other than PD
(such as Huntington disease, Tourette syndrome, and progressive supranuclear palsy) is limited but promising.

Summary Music therapy and other music and rhythm-based interventions may offer a range of symptomatic benefits to patients
with PD and other movement disorders. Studies investigating the potential mechanisms of music’s effects and well-controlled
multicenter trials of these interventions are urgently needed.

Keywords Music therapy - Movement disorders - Parkinson disease - Huntington disease - Rhythmic cueing - Rhythmic auditory
stimulation

Introduction

Music therapy and other music- and rhythm-based interventions
have been used in an effort to improve symptoms of a number
of diseases in different disciplines, including oncology, pallia-
tive care, neurology, psychiatry, physical medicine and rehabil-
itation, and pediatrics. Within neurology, music therapy and
related interventions have been applied to movement disorders
such as Parkinson disease (PD) with increasing frequency.
Recently, there has been a growing effort to study the effects
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of these interventions systematically and quantitatively in order
to begin clarifying their mechanism of action and to develop
best evidence-based practices for their applications. While much
work remains to be done, the evidence available to date neces-
sitated a critical appraisal of published work in movement dis-
orders in order to distill salient findings and identify key knowl-
edge gaps. The timely nature of this review is underscored by
the fact that the National Institutes of Health (NIH) and the
Kennedy Center for the Performing Arts (Washington, DC)
formed a partnership (“Sound Health) in 2017, which has led
to a recent multi-institute request for grant applications related to
mechanisms and applications of Music in Health and funded by
the NIH and the National Endowment for the Arts [1¢].

Defining Music Therapy and Music-Based
Interventions

For context, it is important to define the three core types of
interventions covered in this review. When the terms “music
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therapy” or “music therapist” are used, this means that the
intervention described has been implemented by a therapist
who holds a credential such as board-certified music therapist
(MT-BC in USA), registered music therapist (RMT in
Australia and UK), music therapist accredited (MTA in
Canada), or a similar credential indicating that they have com-
pleted a standardized certification process and academic de-
gree in their country of residence. Music therapists in the USA
hold a bachelor’s degree or higher from an accredited music
therapy program, complete 1200 hours of clinical training,
and must pass a national board certification exam adminis-
tered by the Certification Board for Music Therapists.

“Neurologic Music Therapy” references a research-based
system of standardized clinical techniques for sensorimotor,
speech/language, and cognitive training (see Table 1). A neu-
rologic music therapist typically holds a music therapy cre-
dential and has completed additional Neurologic Music
Therapy training within the last 3—5 years, though other pro-
fessionals with related experience can practice neurologic mu-
sic therapy provided they fulfill the credentialing requirements
set by the Academy of Neurologic Music Therapy (based in
Toronto, Ontario, Canada).

“Music-based interventions” are implemented by a provider
who is not a music therapist, but is rather a member of another
profession, such as a dance/movement therapist, physical thera-
pist, occupational therapist, speech therapist, nurse, or physician.
Music-based interventions may use music to achieve therapeutic
goals but cannot be labeled “music therapy” per se because they
are not being delivered by a credentialed music therapist. They
are frequently referred to as “music medicine” in other contexts.

Proposed Mechanisms for Music
and Rhythm-Based Interventions

Various mechanisms have been proposed to explain the thera-
peutic effects of music and rhythm on motor symptoms in
patients with PD. One potential mechanism involves recruit-
ment of alternative neural pathways that are relatively spared in
PD. Impairments in basal ganglia function in PD patients in-
terfere with their perception of internal timing since the basal
ganglia are directly involved in internal timing and rhythm
perception. The loss of thythmicity for timed movements im-
pairs alternating timed movements such as walking, leading to
freezing of gait, reduced velocity and stride length, and other
gait abnormalities seen in PD [2]. This may be compensated
for by the recruitment of cerebellar networks, which rely on
external (such as auditory or visual) cues, and are typically
spared in PD [3]. The effect of music on network connections
has been demonstrated in several functional MRI (fMRI) stud-
ies of healthy individuals, as well as those with PD. Use of
music, dance, and rhythmic auditory cues led to an observed
increase in functional neural connectivity between (1) the
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auditory cortex and executive control network and between
the executive control network and the cerebellum that occurred
during finger tapping with and without the use of rhythmic
auditory stimulation (RAS) during fMRI acquisition; (2) the
primary motor cortex and the cerebellum during fMRI with
finger tapping without auditory stimulation; and (3) the basal
ganglia and premotor cortex at rest [4—6]. Several of these
networks—particularly the frontal lobe-basal ganglia
networks—are disrupted in PD [7]. Additionally, the provision
of rhythmic timed cues allows the brain to anticipate move-
ment, which in turn leads to improvement in movement syn-
chronization (e.g., a normal gait pattern) and precision [8—10].

Another potential mechanism involves the concept of
rhythmic entrainment, which is internal body patterning to
external rhythms whereby the auditory system synchronizes
with the motor system to facilitate movement [8, 11].
Electroencephalographic (EEG) analysis in normal individuals
and in PD patients shows synergistic activation of auditory and
motor cortices with music therapy [12, 13¢]. Rhythmic entrain-
ment may also occur by the utilization of central pattern gener-
ators in the spinal cord, which leads to direct auditory-motor
coupling without cognitive involvement [8, 11].

Other suggested mechanisms for the therapeutic effects of
music in PD include priming, stimulated neural coherence, in-
creased cortical activity, accelerated learning, and cellular re-
sponses [8, 14—17]. In priming, music readies the motor system
to be prepared for movement [8]. Stimulated neural coherence
is the mechanism by which external rhythmic auditory stimu-
lation (RAS, see next section below) may enhance the synchro-
nization of neurons in the primary motor cortex [14]. Increased
motor cortical activity with rhythmically cued walking was
observed in healthy adults by using functional near-infrared
spectroscopy, which may be applicable to the PD population
as well [15]. Furthermore, the auditory context and motivation-
al effects of music may lead to the acceleration of motor learn-
ing. This is likely to be an important mechanism, particularly
for diseases like PD (with dopaminergic deficits) that affect
motivation [16]. The impact of music at the cellular and genetic
level is poorly studied, but it may modulate the activity of
specific brain regions by promoting the production of brain-
derived neurotrophic factor as seen in mice [14, 17]. Lastly,
learned cognitive responses might explain the benefit of music
on non-motor symptoms of PD such as cognitive and mood
disturbances, in which music can trigger specific emotions and
memories, thereby producing a therapeutic effect [14].

Impact of Rhythmic Cueing (RAS) on Gait
in Parkinson Disease

Many patients with PD present with a range of gait abnor-
malities, which may include stooped posture, decreased range
of motion, decreased step length and arm swing, a shuffling
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Table 1 Neurologic music therapy interventions

Sensorimotor training

Rhythmic auditory stimulation (RAS)

Application of auditory entrainment stimulus to intrinsically rthythmic movements,

such as gait, to achieve more functional movement patterns

Patterned sensory enhancement (PSE)

Application of rhythmic, melodic, harmonic, and dynamic-acoustical elements of music

to provide temporal, spatial, and force cues for non-rhythmic movements
(e.g., functional exercises, activities of daily living)

Therapeutic instrumental music performance
(TIMP)
Speech and language training

Melodic intonation therapy (MIT)

Playing of musical instruments to exercise and stimulate functional movement patterns

Technique for expressive aphasia utilizing a patient’s unimpaired ability to sing to facilitate

speech through sung and chanted melodies resembling natural speech intonation patterns

Musical speech stimulation (MUSTIM)
Rhythmic speech cueing (RSC)

Use of familiar music materials (songs, phrases, chants) to stimulate non-propositional speech
Application of rthythmic cueing via metronome, drum, or moving the client’s hand to

prime and control initiation and rate of speech

Vocal intonation therapy (VIT)

Application of vocal exercises simulating normal speech patterns to train all aspects

of voice control (i.e., inflection, pitch, breath control, timbre, dynamics)

Therapeutic singing (TS)

Oral motor and respiratory exercises
(OMREX)

Developmental speech and language training
through music (DSLM)

Symbolic communication training through
music (SYCOM)

Use of singing activities to facilitate speech initiation, development, articulation, and respiration

Use of music materials, such as vocalization and wind instrument play, to support
articulation and respiration as related to speech

Application of developmental appropriate music experiences
(i.e., singing, instrument play, movement) targeting speech and language development

Use of vocal or instrumental improvisation to simulate social interaction and train
elements of communication including behavior, language pragmatics,

speech gestures, and nonverbal emotional communication

Cognitive training

Musical sensory orientation training (MSOT)

Application of live or recorded music to stimulate arousal and emphasize orientation

to time, place, and person

Musical neglect training (MNT)

Active structured performance of exercises on musical instruments with appropriate

spatial instrument placement to focus attention to a neglected visual field.

Auditory perception training (APT)

Use of tactile, visual, and kinesthetic musical exercises to emphasize sound discrimination,

including time, tempo, duration, pitch, timbre, rhythmic patterns, and speech sounds.

Musical attention control training (MACT)

Application of active or receptive musical experiences involving pre-composed songs or

improvisation during which musical elements cue specific attentional responses
(e.g., sustained, selective, divided, alternating attention functions)

Musical mnemonics training (MMT)

Facilitation of memory encoding and recall functions through the use of musical stimuli

and exercises, often involving the organization of non-musical information into
musical contexts (i.e., songs, rhymes, chants)

Associative mood and memory training
(AMMT)

Use of musical mood induction techniques to facilitate memory recall or to access
associative mood and memory functions through the induction of positive emotional

states during the learning and recall process

Musical executive function training (MEFT)

Use of improvisation and music composition exercises to practice executive function

skills within a social context

Adapted from [18]

Interventions used most frequently for movement disorders are in italic

gait pattern that may be excessively slow or fast to prevent
falling forward, and difficulties with freezing of gait, turning,
and balance [18]. RAS is a neurologic music therapy tech-
nique in which an auditory rhythmic cue is given to facilitate
the training of movements that are “intrinsically and biolog-
ically thythmical,” such as gait [18]. During RAS, the thera-
pist assesses the patient’s current gait parameters, introduces a
rhythmic cue in either 2/4 (duple) or 4/4 time signature
matched to the patient’s baseline cadence, and then gradually

modulates the tempo frequency in increments of 5-10% to
optimize patient gait parameters, which most commonly in-
clude cadence, stride length, and velocity [18, 19]. Rhythmic
auditory cues may include a simple metronome pulse, a com-
plex music structure such as live or recorded music, or mod-
ified music with the rhythmic pulse highlighted [20]. The
ultimate goal of RAS is to fade and eventually remove the
rhythmic stimulus over time and re-assess the patient’s gait
parameters without applied rhythmic cues.
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RAS is commonly implemented in 30-min training ses-
sions for a range of 3 to 7 days per week over a dosing period
of three to 6 weeks [21-23].

Thaut, Rice, Janzen, Hurt-Thaut, and McIntosh found that in
a 24-week study, the strongest gains in gait were made during
the first 8 weeks of a RAS protocol [24]. This study utilized a
randomized withdrawal design during which an experimental
group completed 24 weeks of RAS for 30 min daily while a
control group discontinued RAS between weeks 8 and 16. At
week 8, there were no significant differences between the
groups, indicating similar improvement after completion of
the same RAS protocol, while at the 16-week mark (8 weeks
after the control group had discontinued RAS training), there
were significant between-group differences, including deterio-
ration of gait parameter gains (velocity, stride length, left and
right foot dorsiflexion metrics, and fall index) within the control
group and continued improvement in the experimental group.
This suggests an 8-week duration of daily RAS with a need for
continued maintenance to prolong improvements, but the ques-
tion of dosing still merits further investigation. A recent meta-
analysis of 50 studies measuring the impact of rhythmic cueing
on Parkinsonian gait builds on these findings, indicating that
RAS training should occur for a minimal period of 20-45 min
per day for a minimum of 3-5 days per week [25].

In idiopathic PD, RAS has been shown to improve gait
parameters such as normalizing gait velocity and cadence, in-
creasing stride length and swing time (the time a leg is in the air
during gait), and importantly, to contribute to a reduction in
falls [21, 22, 24, 26-29]. RAS may also significantly reduce
freezing of gait (FOG) and turn time during both ON and OFF
dopaminergic medication periods. RAS has effectively been
applied to PD patients in the medication ON phase, success-
fully decreasing the number and duration of FOG episodes
during walking with and without turns [30, 31]. When individ-
ualized RAS frequencies at + 10% of baseline cadence during
the ON phase were implemented during the end of dose phase,
patients experienced reduced FOG episodes and demonstrated
improved gait parameters [23]. Additionally, when RAS was
implemented with patients in both ON and OFF medication
phases, most patients with PD demonstrated improved gait
patterns, though the OFF patient group experienced larger
and more variable synchronization errors than ON patients
[26]. More research is needed to determine the benefits of
RAS during the end of dose and OFF phases (including opti-
mal dosing), but it appears that RAS has important therapeutic
potential for symptoms such as FOG, which for many patients
are not adequately addressed by any other interventions.

Immediate effects have been observed during the implemen-
tation of rhythmic auditory cues, resulting in gait change during
an intervention, short-term effects 15 minutes after [32], and
longer-term improvements in gait that have been maintained
for up to 4 weeks post-intervention [33]. Changes in gait patterns
during RAS also suggest that this intervention may influence
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positional and muscular control, expanding potential gains to
include improvements in perceptual and motor timing abilities
for non-gait tasks in patients with PD [22, 34, 35].

Effectiveness of RAS may vary depending on stimulation
frequency and the individualization of this frequency to each
patient’s baseline gait parameters. Notably, RAS may be most
effective when implemented on an individualized basis, rather
than with a fixed tempo for all study participants [3, 23]. Even
when individualized, RAS stimulation frequency as compared
to each patient’s preferred walking cadence may impact over-
all cue effectiveness. RAS applied at 5-10% above baseline
speed has been shown to result in increased cadence, stride
length, and swing time for patients on and off dopaminergic
medications [22, 26, 29, 32, 36].

However, for patients with freezing of gait, stride length only
increased when the stimulus frequency was set to 10% below
baseline cadence, indicating that cueing frequency should be
adjusted to individualized gait deviations [30]. A rhythmic met-
ronome stimulus applied at the patient’s baseline cadence did
not positively impact freezing variables, resulting in slower
patient ambulation and increased walking time [37]. When
RAS was applied at speeds 10% slower than preferred walking
cadence and combined with attentional cues for patients with-
out freezing of gait, it was shown to be equally effective, but not
more effective, than simple attentional cues [38].

Individual responses to RAS may vary significantly and
may also be impacted by patients’ baseline musical and sen-
sorimotor abilities and by the severity of patient gait distur-
bance [21, 39, 40]. When patient performance pre-RAS was
tested via finger tapping and sensorimotor gait tasks, then
applied to a logistic regression model aimed at predicting the
probability of positive RAS response, patients who had the
slowest gait speed and who showed the poorest synchroniza-
tion accuracy were shown to be most likely to benefit from
RAS [21]. However, strong music ability demonstrated pre-
RAS, such as beat perception given tempo changes, natural
ability to synchronize footsteps to a pulse without explicit
instructions, and history of musical training may also signifi-
cantly affect patient response to rhythmic cueing [39, 40].
Additionally, “groove,” or “how much music makes a person
want to move,” in combination with clear instructions to syn-
chronize with the beat while walking may impact RAS effec-
tiveness [41]. Results indicate that low groove stimuli and
instructing poor beat perceivers to synchronize may interfere
with gait performance, while high groove stimuli overall led to
more stable gait parameters.

Benefits of exposure to RAS may exist even for patients
who lack positive responses to rhythmic stimuli while walk-
ing. Walking with music, which contains complex textures
and an ability to evoke emotions, may still “increase a pa-
tient’s mobility and motivation to walk,” even if their re-
sponses to RAS are below the level of clinical significance
[39]. Additionally, RAS may be used in combination with
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other neurologic music therapy techniques to further support
gait and promote gains in other areas. An experimental group
of PD patients who attended music therapy sessions utilizing
RAS in addition to two other neurologic music therapy sen-
sorimotor techniques (Therapeutic Instrumental Music
Performance and Patterned Sensory Enhancement) experi-
enced improvements in gait parameters in addition to im-
provement of proprioception when compared with the control
group [42]. Overall, it is clear that while RAS holds signifi-
cant potential benefits for gait in PD, an individualized ther-
apeutic approach is required to optimize the effectiveness of
this intervention. Findings from key studies described in this
and other sections are summarized in Table 2.

Impact of Rhythmic Cueing (RAS) on Gait
in Non-PD Patients

There is mixed, limited evidence supporting the use of RAS to
improve gait parameters in patients with non-Parkinsonian
disorders. In a recent feasibility study, a home-based program
incorporated rhythmic cues set at individualized tempos in
relation to preferred walking cadences for five patients with
progressive supranuclear palsy (PSP), an atypical parkinso-
nian disorder that currently lacks effective symptomatic ther-
apy [43]. After 8 sessions delivered over 4 weeks, all 5 pa-
tients reported satisfaction with the program, with some pa-
tients demonstrating improvements in gait stability, such as
increased step cadence and stride length as well as reduced
timing variability. The duration of benefit from RAS in PSP,
patient characteristics that determine likelihood of RAS ben-
efit, and the potential of RAS to reduce falls in this population
deserve further investigation.

There is some evidence indicating that while gait velocity can
be adapted to RAS for patients with Huntington’s disease (HD),
locomotor timing skills and other factors may impact the success
of thythmic cues [44¢]. In a review of 14 studies exploring the
impact of thythmic cueing on patients with non-PD neurological
diagnoses, two studies focused on patients with HD [45]. While
one study showed a significant increase in gait velocity with
RAS, both were uncontrolled, resulting in insufficient evidence
to date on the impact of this technique in HD. Another study
found that 27 patients with HD were able to successfully mod-
ulate their gait speed given rhythmic cues presented at 10%
slower and 10-20% faster than patient baseline cadence, but
only with a metronome, and not with musical cues [46].

Interventions Delivered Using Wearable
Devices

In recent years, wearable devices and smartphone-based ap-
plications incorporating rhythmic cueing have been assessed

and developed, particularly for use in patients with PD with
the goal of utilizing rhythmic entrainment. Wearable technol-
ogy, such as the interactive Walk Mate® system, utilizes data
sent from pressure sensors worn in a patient’s shoes to adjust
rhythmic auditory cues in relation to the patient’s footsteps
[47]. In 20 patients who participated in experimental condi-
tions including Walk Mate, fixed-tempo RAS individualized
to patient baseline cadence, and unassisted walking without
rhythmic cues, the Walk Mate intervention led to improved
stride time variability, as well as subjective reports that pa-
tients’ gait felt most stable when using the Walk Mate system.

Smartphone, tablet, and internet-based applications that
can be implemented on patients’ personal devices have been
developed for use at home during gait training practice and
activities of daily living, as well as to assess beat perception
and create platforms for patient-therapist communication and
supervision [48—-50]. Most of these studies have involved
small sample sizes and primarily focus on device/platform
accuracy, rather than the specific impact on gait parameters
or rhythmic ability. Overall, the evidence suggests that
internet-based applications may be feasible for home use due
to portability, flexibility, and ability to track patient perfor-
mance over time and send data to the patient’s medical team
as permitted.

Other studies with small sample sizes and limited treatment
time ranging from 1 to 3 sessions have combined wearable
devices and customizable smartphone applications to gauge
short-term impact on gait parameters and freezing of gait in
PD. The use of Listenmee®, a system with wearable glasses, a
portable auditory device, and corresponding smartphone ap-
plication with individualized auditory cues, led to improve-
ments in walking speed, cadence, and stride length [51].
Additionally, a system called GaitAssist®, comprised of ankle
sensors that send data to the user’s smartphone, cues a simple
metronome stimulus when freezing of gait or gait patterns
leading to freezing of gait were detected at home during nat-
ural walking and gait training exercises [52]. Results related to
impact on freezing of gait were equivocal, but participants had
a generally positive attitude toward wearability, system oper-
ation, and exercise content.

Dance in Parkinson Disease

There are a number of studies to date suggesting that var-
ious dance-based interventions can improve motor and
non-motor symptoms and quality of life in PD. For exam-
ple, the dance for PD® program integrates multiple dance
styles, originated in Brooklyn, NY, in 2001 and has spread
to over 300 communities and 25 countries since that time.
In terms of evidence for specific dance types, Argentine
Tango ballroom dance has been studied most extensively,
with findings summarized below.
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Argentine Tango

Intuitively, the gait-related benefits of Argentine Tango in PD
may stem from the large/exaggerated steps required in multi-
ple directions for this dance style, which can counteract the
reduced stride length characteristic of PD-related gait impair-
ment. Duncan and Earhart performed a 12-month randomized
controlled trial of Argentine Tango (AT) vs. usual care in 62
patients with PD [53e¢]. In the off dopaminergic medication
state, control participants showed little change from baseline
while AT participants demonstrated improvements from base-
line in Movement Disorder Society-Unified Parkinson
Disease Rating Scale (MDS-UPDRS; an ordinal rating scale
consisting of a non-motor activities of daily living (ADL)
assessment questionnaire, a motor ADL assessment question-
naire, and a motor examination) Part III (Motor examination)
scores, the MiniBESTest of balance, the Freezing of Gait
questionnaire, 6-Minute Walk Test (6MWT), forward and
dual-task walking velocities, and 9-hole PEG test of upper
extremity function. The 12.8-point average improvement on
MDS-UPDRS Part III has robust clinical significance, and the
overall findings of this study suggest that continued participa-
tion in AT classes may modify disease progression in PD. The
same authors subsequently performed a pilot randomized con-
trolled study of 10 PD patients assigned to twice-weekly AT
classes or usual care and assessed by blinded raters at 12 and
24 months; there were no group differences in ADL or motor
scores at baseline [54¢]. At both 12 and 24 months, AT par-
ticipants had better MDS-UPDRS Part I (Non-Motor ADLs),
I (Motor ADLs), and III scores, as well as better scores on the
6MWT and the MiniBESTest. While very small, this study
demonstrates the potential long-term benefits of dance-based
interventions in PD. Beevers et al. (2017) sought to assess
specific musical features used for Tango dance classes in PD
using a mixed-methods approach [55]. Results from both
software-based structural analysis of the music and the quali-
tative questionnaires filled by physical therapists found that
the most “successful” music (in terms of motor and quality of
life improvement reported by PD patients undergoing Tango
lessons) ranged in tempo between 105 and 125 beats per min-
ute, was in simple duple time, had a clear downbeat, moderate
pulse clarity, and minimal key modulations. These findings
represent an important attempt to determine the characteristics
of music used in dance classes that may underlie observed
benefits in PD and need to be replicated in larger multicenter
studies.

and QOL post-intervention compared

effect was sustained for 15 min after
to pre-intervention.

the performance ended.
cognition not sustained at 24 weeks.

No significant improvement in
improvement in mobility, cognition,

or behavior compared with group
group and control group following
intervention. Within music group,
only there was a significant

recreational therapy.
Short-term improvement in QoL and

musical performance in which the

motor function.
No significant difference between music

Results

of the Behavior Observation Scale

Huntington
QoL; motor function; cognition

Social-cognitive functioning subscale No additional benefit on communication
Mobility, cognition, QoL

Outcome measures

effects 15 min

post--
intervention

Intervention
duration
16 weeks

24 weeks
6 weeks

music, and mental imagery of

music
production of music, singing,

and dancing
Music Method

receptive
Combination of methods including

Musical performance, listening to
Group music therapy, mostly
Ronnie Gardiner Rhythm and

Intervention type

participants
intervention

63

25

18

trial

Uncontrolled

RCT
RCT
RCT

HD
PD
PD

Other Dance-Based Interventions

Bognar et al. used semi-structured interviews from partici-
pants in a Dancing with Parkinson’s (a community-based
dance therapy) program and found that beyond motor im-
provements, dancing was felt to facilitate redevelopment of

[44°]
[66]
[67]

Type of Citation Population Study design ~ Number of

Table 2 (continued)
study
Other studies
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the social self, increasing sense of enjoyment in life, fostering
positive change in patients’ perspective toward their PD diag-
nosis, and thereby increasing feelings of self-efficacy [56]. By
breaking down social isolation, group dance can potentially
improve cognitive and emotional challenges in PD—non-mo-
tor aspects of the disease that often do not respond to dopami-
nergic therapy.

McNeely et al. performed a study comparing 1-h twice-
weekly dance for PD classes with twice-weekly partnered
Argentine Tango classes over 12 weeks [57¢]. Participants in
each group were matched for age and gender, and compari-
sons were done on 8 participants per group; evaluations were
performed off dopaminergic medication within 1 month of
intervention completion. Measures of balance, repeated sit-
to-stand performance, and endurance improved from pre- to
post-intervention to a similar extent in both groups. MDS-
UPDRS motor ratings and functional mobility (Timed Up
and Go test time) improved in the Tango group and worsened
in the dance for the PD group, while gait velocity was not
affected by either intervention [57¢]. While these findings
are preliminary, they reflect much-needed direct comparisons
of interventions already in use among individuals with PD.

Singing in Parkinson Disease

Speech impairment (decreased voice volume and clarity) is a
common and often debilitating symptom in PD and can
adversely impact communication. A prior (2016) systematic
review of therapeutic singing in PD summarized evidence
from 7 studies that assessed the impact of singing on speech;
5 studies found partial evidence of benefit, while 2 found no
evidence of benefit [58]. No included study evaluated the
impact of singing on motor function or cognitive status.
Stegemoller et al. performed an open-label 8-week study
of group singing (led by music therapists) in 27 patients with
PD who were assigned to twice-weekly or once-weekly
singing, and found improvements in inspiratory/expiratory
pressure, phonation time, voice-related quality of life, and
overall quality of life; they found no differences between
once-weekly or twice-weekly intervention frequency [59].
Han et al. performed a small open-label study in 9 PD pa-
tients that examined the effects of an individual singing pro-
gram (6 sessions over 2 weeks) administered by a music
therapist [60]. Significant improvements in maximum pho-
nation time, Geriatric Depression Scale ratings, voice-related
quality of life, and the Voice Handicap Index scores were
found 6 months after intervention. Butala et al. performed a
blinded cross-over trial of weekly group singing in patients
with PD that assessed motor and non-motor outcomes over
30 weeks in participants randomly assigned to group singing
or a weekly PD support group discussion for 12 weeks, with
subsequent cross-over [61]. Significant objective

improvements in conversational voice volume on two inde-
pendent measures (Rainbow Passage reading and Cookie
Theft description, ranging from 2 to 8 dB) were observed
at the end of study interventions and 6 weeks later, and
improvements on the PDQ-39 quality of life questionnaire
(domains of communication and body discomfort) were at-
tributable to the singing intervention. Interestingly, signifi-
cant motor improvements on the MDS-UPDRS motor rating
scale (5.9-8.4 points) were observed at end of interventions
and 6 weeks later regardless of intervention order, possibly
attributable to physical warm-ups prior to singing rehearsals
and movements incorporated into the singing classes [61].
Overall, the studies of singing in PD performed to date have
been underpowered, but multicenter randomized controlled
trials with active behavioral control interventions (such as
speech therapy) are feasible and justified given the evidence
to date.

Singing may also be helpful in improving other symptoms
in PD, such as gait. Harrison et al. performed a comparative
study of external rhythmic auditory cueing set at participants’
preferred cadence (listening and walking to the beat of “Row,
row, row your boat”) vs. internal cueing (singing “Row, row,
row your boat” aloud) in 30 patients with PD, 30 younger, and
30 older controls [62¢]. Internal cueing was associated with
greater improvements in gait velocity, cadence, and stride
length in the backward direction, and reduced variability in
both forward and backward walking, with greater improve-
ments observed among older controls and PD participants.
This study is noteworthy in that it is difficult to motivate PD
patients to consistently walk to external cues at home, while
singing may be implementable for more patients.

Instrumental Performance in Parkinson
Disease

There is limited research exploring the impact of instrumental
performance on motor function in PD.

Typically, mention of instrumental performance is included
as part of a group music therapy intervention but is not explic-
itly evaluated as a primary intervention. One review of 68
articles exploring the effectiveness of singing or playing a
wind instrument to improve respiratory function in patients
with long-term neurologic disorders (PD, multiple sclerosis,
spinal cord injury, among others) found that though studies
were generally of low quality, most trended toward improved
respiratory function [63]. Another study found that PD pa-
tients who participated in 13 weekly music therapy sessions
consisting of a range of interventions, including both struc-
tured and improvisational percussion instrument play, demon-
strated improvement in bradykinesia [64]. Rigorously de-
signed research studies are clearly needed in this area.

@ Springer
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Music Therapy/Interventions for Non-motor
Symptoms in Parkinson Disease

The non-motor manifestations of PD play a great role in
disease-related disability and are often difficult to treat [65].
Some studies show that music therapy (MT) or music-based
interventions can be beneficial in the management of these

symptoms.

Effect on Cognition

A randomized study of 25 patients with PD evaluated the
effects of active MT on cognition through detailed neuropsy-
chological examinations [66¢]. Results showed significant im-
provements in frontal lobe function such as cognitive flexibil-
ity, processing speed, attention, and working memory at the
end of the 6-month music therapy program. However, these
beneficial effects disappeared on reassessment 6 months after
the end of music therapy sessions, which suggests that music
therapy needs to be continued to maintain its beneficial effects
on cognitive functioning [66°]. Another study evaluated the
effects of the Ronnie Gardiner Rhythm and Music (RGRM)
method on cognition in PD patients [67]. It showed significant
improvement in verbal memory, language, executive function,
and attention vs. usual care controls.

Effect on Mood

The available studies of music therapy and its effects on mood
show mixed results. In some studies, there was a significant
improvement in depression, emotions, self-esteem, and social
isolation with various music-based interventions such as ac-
tive MT, singing, and RAS [60, 64]. On the other hand, dif-
ferent studies showed no significant improvement in mood-
related symptoms such as depression and anxiety with music-
based interventions, which included singing, drum circle clas-
ses, and exercise facilitated by auditory music cues [68—71].
Notably, in all of these studies, mood was assessed by self-
reported questionnaires as opposed to clinician-rated
measures.

Effect on Quality of Life

PD-related quality of life (QoL) was assessed in studies that
utilized different music-based interventions, with multiple
studies showing significant improvement in QoL. The inter-
ventions studied include active MT, functional-oriented music
therapy (FMT), RGRM method, West African drum circle
classes, and dancing [56, 64, 66, 67, 70]. In one study, this
beneficial effect on QoL was not sustained long-term, as QoL
deteriorated again when patients were reassessed 6 months
after the end of their MT sessions [66¢]. Moreover, the use
of MT to ameliorate pain in PD has been suggested, as MT

@ Springer

has been shown to improve pain in other medical conditions
[72, 73]. Currently, no studies using music for pain in PD have
been published to the authors’ knowledge.

Music Therapy/Interventions for Other
Movement Disorders

The effects of music therapy on non-gait-related symptoms in
other movement disorders are poorly studied. In one single-
center study, patients with HD did not significantly improve
their communication skills or behavior with group music ther-
apy when compared with group recreational therapy [44].
There is a need for larger studies to further evaluate this, as
most music therapy referrals for HD patients are due to com-
munication, social, and emotional problems [74]. The music
therapy assessment tool for advanced HD can potentially be
used to study the impact of music therapy on communication,
psychological, physical, and social aspects of advanced HD
[75]. In regard to Tourette’s syndrome, a study in Germany
evaluated the effects of music on tic frequency by utilizing the
Yale Global Tic Severity Scale and the modified Rush Video-
Based Tic Rating Scale [76¢]. Results showed that tic reduc-
tion occurred with all the musical interventions in the study,
which included performance of music, listening to music, and
mental imagery of music. The greatest impact on tic reduction
was achieved with musical performance, where the effect was
sustained for 15 minutes after the performance ended [76¢].

Conclusions and Future Directions

Several types of music therapy (particularly RAS, Therapeutic
Instrumental Music Performance, and Therapeutic Singing)
and music and rhythm-based interventions (particularly AT
and group singing) have evidence from multiple studies dem-
onstrating a benefit for various motor and non-motor symp-
toms in PD. A few studies have assessed long-term outcomes
(1-2 years) and suggest that interventions like AT, when con-
tinued long-term, may modify disease progression in PD.
However, the extent to which this is specifically attributable
to exercise-, music-, or rthythm-related aspects of AT (or their
combination) is unclear. Methodological limitations of many
studies (such as small sample size, short follow-up duration,
inadequate description of specific music-related methodolo-
gies, and use of passive control groups) notwithstanding, there
is clearly an improving evidence base to support certain music
and rhythm-based interventions in PD, and studies in other
movement disorders are warranted.

It is also clear that an optimized approach to music and
rhythm-based treatments involves individualized selection of
stimuli (“precision music therapy/music medicine”) in order
to achieve an optimal degree of benefit for specific patients.
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This poses an important challenge for the design of random-
ized controlled trials for music therapy/music-based interven-
tions. Alternative investigational approaches utilizing n-of-1
randomized controlled trials, potentially coupled with
smartphone applications to facilitate interventions and assess-
ments at home, need to be explored. The validity of home-
based symptom and quantitative assessments remains to be
established, and this area of research holds significant promise
in making music and rhythm-based interventions widely ac-
cessible to patients with movement disorders.
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