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Introduction

A stroke is a life-threatening medical condition that occurs when the brain’s blood supply is
interrupted, which causes neurological dysfunction. Stroke is the number two cause of death
worldwide, and every year, nearly 15 million people have a stroke, with one third losing their life
and one third becoming permanently disabled (Feigin et al., 2022) Further, accumulating risk
factors coupled with the global population aged sixty-five and over increasing, means that the
incidence of stroke is on the rise (Katan & Luft, 2018) (Paul & Candelario-Jalil, 2021).

The aftereffects of a stroke are numerous, and the care required to assist stroke patients is
costly. On a global scale, stroke attributable deaths totaled over 7 million (Vos et al., 2020), and
following a stroke, admission into a long-term care institution is common, as around 26% of
survivors are admitted to these institutions six months following their ischemic event (Kelly-Hayes
et al., 2003). According to a 2021 study, the globally estimated lifetime economic loss to
households with stroke cases in 2017 was $976 billion (Owolabi et al., 2022), and in a systematic
review of the economic burden of stroke on a global level, the highest average per patient per year
cost by country was the United States with nearly $60,000 (Strilciuc et al., 2021).

Stroke is one of the leading causes of disability and places a large burden on individuals,
their families, and health care systems (Tsao et al., 2023). In addition to other outcomes, stroke
survivors present with paralysis of the upper extremity, which is coupled with diminished fine and
gross motor function, muscle tone changes, and reduced range of motion (ROM) (Duncan et al.,
1994). Rehabilitation of motor dysfunction following stroke has shown to improve the quality of
life of patients, which demonstrates the impetus to maximize patient outcomes by exploring
rehabilitative approaches to improve the recovery of motor function and cortical reorganization
(Brion et al., 1989) (Martino Cinnera et al., 2020).

Background
Stroke Recovery and Rehabilitation

The recovery of motor dysfunction depends on rehabilitation programs, which are formed around
high intensity and mass repetition of movement. Many involve daily physiotherapy and
occupational therapy interventions in the first six months to a year following an ischemic event.
These interventions rely on repeated physical movements improving motor activity by forcing the
brain to reform the connections needed to facilitate voluntary movements (Stevens & Stoykov,
2003).
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However, once acute rehabilitation is over, the stroke survivor continues to combat
challenges throughout the chronic phase. More than one third of stroke survivors sustain
limitations in function in their basic activities, and approximately 65% continue to have challenges
reintegrating into community life (Kwakkel & Kollen, 2013; Nakayama et al., 1994) . These
sustained limitations can lead to further issues with a patient’s well-being and mood (Carey et al.,
2018). Several studies have illustrated how both home and community-based interventions can
increase both functional independence and well-being in chronic stroke patients (Grau-Sanchez et
al., 2021).

Further, there is a high correlation between a patient’s recovery post-stroke and their
socioeconomic status (SES). Individuals with low SES are more likely to be disabled and have
higher mortality rates following stroke, and in the United States, individuals with low SES are
more disabled at three months post-stroke than their higher SES counterparts (Addo et al., 2012).
Subsequently, low SES patients are less likely to be independently ambulatory and less likely to
be discharged to their own homes (Addo et al., 2012). This leads them to be discharged to a nursing
facility, which can be very costly.

To make matters worse, many newly developed rehabilitation therapies and technologies
require expensive equipment and extensive training for clinical staff, which all tend to be found in
well-funded, metropolitan institutions. With stroke-related deaths projected to increase by 30% in
the next 20 years, the necessity for quality care, independent of cost and location, will only increase
with time (Addo et al., 2012).

Music Therapy: An Alternative and Adjunct Therapy

Music therapy, administered by clinically trained and board-certified music therapists, is a
safe and cost-effective treatment approach (Liu et al., 2022). Studies have shown its improvement
in the outcomes of stroke, such as aphasia, gait improvement, and cognitive function (Liu et al.,
2022). Neurologic music therapy (NMT) is a model of music therapy that is based on a
neuroscientific framework and incorporates standardized techniques that are backed by research.
It employs aspects of music as a therapeutic intervention for motor, cognitive, and sensory
dysfunctions due to damage or pathophysiology of the nervous system. In this field, music is
viewed as one of many stimuli that interact with the brain, and all therapeutic activities are aimed
towards meeting non-musical goals, such as retraining and re-educating the brain following injury
(Thaut & Hoemberg, 2014).

Practicing music initiates auditory-motor coupling (Ripollés et al., 2016), increases patient
cooperation to rehabilitative exercises, and facilitates social bonding (Hove & Risen, 2009). Some
positive effects may be attributed to the dopamine reward system, which is highly integrated with
music, learning, and memory (Lisman & Grace, 2005). Intensive motor training and aspects of
motivation can be intertwined during music practice to promote successful motor recovery.

The therapeutic application of music creates an enjoyable activity that is built around
coordinated movements that implicate a high degree of cognition, such as working memory and
hand-eye coordination, to help stroke survivors regain functional mobility (Raghavan et al., 2016).
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Additionally, music-based therapy can be employed in a larger group of individuals due to its
portability and implementation of technologically based applications. This allows a larger
population of stroke survivors to have access to care, when previously they might have had limited
access due to transportation or financial restraints (Chen et al., 2020).

NMT techniques can be divided into three domains: sensorimotor, speech/language, and
cognitive, and each focus on specific areas and employs certain techniques. Stroke patients may
be administered plans of care that include techniques from all three domains, but the rehabilitation
of the upper extremity mainly focuses on sensorimotor. It is composed of three individual
techniques: Rhythmic Auditory Stimulation (RAS), Patterned Sensory Enhancement (PSE), and
Therapeutical Instrumental Music Performance (TIMP) (Thaut & Hoemberg, 2014).

Patterned Sensory Enhancement (PSE) is a NMT technique that incorporates different
acoustic elements of music such as rhythm, harmony, melody, and dynamics, to enforce temporal,
spatial, and force cues (Thaut & Abiru, 2010). Musical patterns help to provide regulation and
structure to movements, and they can even be applied to movements that are not inherently
musical, such as dressing or standing. The goal of PSE and PSE-based interventions is to aid
patients in reforming the mental connections between the relative position of their arms in space
and their corresponding sounds at this specific position (Scholz et al., 2016). Aspects of sonorous
music, such as pitch, timber, and intensity, and their respective changes translate to movements
and work to change and strengthen motor perception (Bevilacqua et al., 2016). Sounds generated
in PSE-based tasks are produced because of real-time hand-arm movements. The most common
involve virtual reality systems with haptic feedback, capture cameras, and sensors (Sigrist et al.,
2015).

Therapeutical Instrumental Music Performance (TIMP) incorporates instrument playing to
facilitate functional movement typical of rehabilitative exercises. It was developed through two
research streams: rhythmic auditory stimulation, which provides predictable anticipatory rhythmic
cues to train movement, and sonification, which provides augmented auditory feedback by
mapping sound on kinematic parameters. For example, playing instruments can improve hand-eye
coordination, improve range of motion of the elbow, shoulder or wrist, or increase muscular
strength and endurance ("Music, health, and wellbeing," 2012).

Thaut states the following: “The therapeutic design of the TIMP exercise is based on three
elements: (1) the musical structure facilitating the organization of movement in time, space, and
force dynamics, (2) the choice of instruments and the mechanics for playing the instruments to
enhance therapeutically meaningful movements, and (3) the spatial arrangement and location of
the instruments to facilitate desired motion paths of the limbs and positions of the body” (Thaut &
Hoemberg, 2014). The act of playing stimulates auditory-motor integration, and instruments help
to provide visual references for movements while providing auditory feedback (Haire et al., 2021;
Lim et al.).
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Music-Supported Therapy

One class of the therapeutic application of music includes playing musical instruments,
such as a MIDI piano or an electronic drum set, that produces piano tones when played (Rodriguez-
Fornells et al., 2012). Although it is not officially incorporated into NMT, Music-Supported
Therapy (MST) seeks to improve motor function by following programmed exercises and helps to
promote motor learning based on the following principles: (i) massive repetition and exercise of
affected limbs using simple movements in the fingers and arms (Grau-Sanchez et al. 2021); (ii)
audio-motor coupling and integration leads to the reinforcement of movement effects as a result
of instant auditory feedback (Fujioka et al., 2018); (iii) shaping, which is the use of reinforcement
of successive approximations of a target behavior or action, leads to the adaptation of cognition
towards restoring complex movements (Rodriguez-Fornells et al., 2012); and (iv) emotion-
motivation effects can lead to increased motivation of patients due to the emotional and personal
impact of playing music while honing a skill. The incorporation of these values can further improve
motor amelioration, as mind-set and mood play a role in patients’ recovery success (Street et al.,
2015). Throughout the intervention, the exercises get progressively harder, with a goal for the
patient to learn how to play basic songs (Schneider et al., 2007).

The Technological applications of MST provide viable options for task specific training.
For example, the MusicGlove, developed by the laboratory of Friedman et al., is a low-cost music-
based rehabilitation device that helps to restore hand function. It is a customized glove that requires
the user to practice functional gripping movements via a version of an open-source music game,
Frets on Fire (FOF), which was inspired by Guitar Hero. When the user touches the thumb lead to
one of the five electrical leads located on the fingertips of the glove, a signal is sent to the computer
via a USB port. The location of the leads was chosen to facilitate functional grip positions and
styles, such as key pinch grip or pincer grip, and the user’s accuracy is logged by the computer
system to generate a quantitative analysis of hand motor performance on a given session (Friedman
etal., 2011).

Currently, there are few validated technologies for home-based rehabilitation following a
stroke. A systematic review of home-based upper extremity care covered four studies, and of those,
only two provided self-guided care (Coupar et al., 2012). Many patients receive limited therapy
following stroke or other major events due to the cost associated with recurrent one-on-one
rehabilitation administered via occupational and physical therapists. At present, few devices are
available for individual sale for home-based care, which provides a barrier for patients who seek
this form of care. To exemplify this issue, useful devices, such as the HandMentor and Hand Tutor,
are priced at several thousands of dollars (Carmeli et al., 2011) .

The most common low-cost approach towards at-home hand therapy provides patients with
written sheets of exercises that are prescribed by therapists working on their case. This
methodology has often facilitated limited intensity, repetition, and motivational value, which are
valuable tenets for cultivating a successful recovery (Kielhofner, 2009). A patient who faces a lack
of both guidance and motivation in their treatments most commonly leads a path of not recovering
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to their fullest potential. Music-based therapies work to create an enjoyable, yet challenging
experience, while providing opportunities for repetitive movements to ameliorate motor function.

Analyzing the Effects of Neuroplasticity on Rehabilitation

The mechanisms underlying the effects of NMT and music-based therapies are not
completely clear. Several potential mechanisms can help explain the effects of music-based
interventions on neurological-based dysfunctions. In recent years, brain imaging has provided
enhanced insight into the plasticity of the brain, including functional and structural changes. Many
studies have supported that functional reorganization is correlated with learning new motor skills,
which suggests that training new motor skills as a therapeutic intervention following brain injury
may be a viable option (Pascual-Leone, 1995);(Chang, 2014). Further, music performance uses
auditory and auditory-sensorimotor areas in addition to cortical motor areas.

Plastic changes can include an increase in gray and white matter density. An increase in
gray matter density can result from neuronal enlargement, synaptic density changes, or enhanced
capillary and glial networks (Pascual-Leone et al., 2005). Altered white matter is mainly due to
enlargement of myelin insulating the axons. Additionally, neuronal recruitment from the opposing
side of the brain lesion serves as a compensatory mechanism (Reuter-Lorenz et al., 1999).

Further, several feasibility studies were uncovered during this investigation, and many
asked participants to complete surveys evaluating their experience. A study where participants
conducted six trials, which lasted for 2 minutes and 59 seconds, performing Can t Help Falling in
Love via Music Glove reported the training motivating, challenging, and desirable for use at home.
The participants reported the therapy with music significantly more motivating than therapy
without music (p = 0.001) (Friedman et al., 2011).

Another feasibility study published in 2023 explored the implications of an iPad
application that guided participants through piano playing to improve motor function. Following
the conclusion, an exit interview was conducted when returning the equipment used at home for
the duration of the study. Participants felt that piano training at home improved their functional
motor skills, and they enjoyed using piano playing for home-based exercise. Some stated they were
motivated and looked forward to piano training every day. When the three week study had
concluded, half of the participants (n = 5) expressed how they would like to continue the exercise
with the app and piano (Chen & Norgaard, 2023).

Thus, when individuals are more motivated to complete their rehabilitative exercises at
home, they are more likely to have a faster rate of recovery due to the increased rate of exercise.
These feasibility studies have supported the concept that music-based therapies are viable at-home
rehabilitative exercises that not only improve motor function but also do so in a fun and cost-
effective way.

The Present Study

In this investigation, music-based interventions (MBIs) will be the terminology used to
refer to any music-based intervention, including music therapy techniques, NMT techniques, and
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various MST interventions. All previously mentioned are considered MBIs, and they vary by
complexity and the interventionist.

Up to now, the effect of MBIs, including various types, on the rehabilitation of upper
extremity function had yet to be explored regarding their pooled effect. Previously, elements of
MBIs, such as the interventionist and whether the intervention was performed in addition to
conventional therapy, had yet to be extracted and discussed regarding the results and impact of
MBIs. Thus, this study aimed to discuss the ability music-based interventions can effectively
rehabilitate post-stroke upper extremities and further limitations that should be addressed by future
research in the field.

The present study examined the efficacy of MBIs in rehabilitating the upper extremity of
post-stroke patients. It investigated three different MBI types while assessing various components
of the included studies’ protocols. For example, non-music therapists can perform NMT upon
completing the Academy of Neurologic Music Therapy's training program and becoming an
Affiliated Allied Professional (NMTAP) (Thaut & Hoemberg, 2014). To investigate whether the
type of interventionist, e.g. music therapist, occupational therapist, or self-guided, influenced the
rehabilitation outcome, data regarding the interventionists of the included studies was extracted.

Further, MBIs are continuing to grow and integrate with the current technological age, as
applications for personal devices, such as tablets, are being developed for music-based
rehabilitation. A new topic of discussion to improve motor learning during rehabilitation is
multimodal augmented feedback, or various sensory channel provided performance feedback, such
as through visual, proprioception, and audio (Sigrist et al., 2013). The influence of technology in
music-based therapies has previously been under-investigated. Thus, three studies were included
in the present investigation to assess the incorporation of technology to facilitate the music
intervention.

Stroke is a complex and multifaceted condition that varies from person to person, making
direct comparisons challenging. With each individual and characteristics of their stroke (e.g.
location, type, etc.) being unique, no single rehabilitation approach can effectively address the
diverse needs of all patients. While rehabilitation can be challenging, there is a pressing need for
innovative, cost-effective, and impactful research to develop more accessible and effective
therapeutic solutions.

The purpose of the present investigation was to demonstrate the pooled effectiveness of
MBIs in upper extremity stroke rehabilitation, as research-backed options for rehabilitation should
only increase, especially with the population of older adults projected to rise in the coming years.
This study also served to emphasize the need for future research in this discipline to further develop
evidence-based music intervention rehabilitation plans (e.g. type of music-based therapy,
frequency, duration, and interventionists etc.) to maximize patients’ recovery.
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Methods

Search Strategy, Eligibility, and Selection Criteria
The standards set by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement were followed.

Randomized controlled trials, controlled trials, and randomized crossover trials were
included that compared music-based interventions to no music-based interventions or to standard
care of patients with stroke-induced motor impairments. Patients diagnosed with any type of stroke
and were at least six-months post-stroke were accepted, as the likelihood of spontaneous recovery
is greatly reduced six months following the ischemic event.

Searches were conducted in PubMed, Embase, Web of Science, Music Index, Cochrane
Central Register of Controlled Trials, and CINAHL Plus with Full Text for clinical trials published
up to November 2023. Articles were limited to those written in English. Seach criteria included
inputting the keywords “stroke”, “upper extremity”, “music”, and “music therapy”, and the results
with all words present were analyzed for trials that fit the selection criteria. All studies examined
met the following inclusion criteria: peer reviewed and published in a scholarly journal; published
between January 1, 2005 and November 1, 2023; included stroke patients older than 18 years old
and were six months post-stroke; intervention group involved any form of music; measured motor
function outcomes with standardized motor function outcome tests before and after treatment; and
at least one week of study duration.

Data Collection, extraction, and quality assessment

Study eligibility was assessed, and the quality of the included studies was assessed using
the Physiotherapy Evidence Database (PEDro) scale (Table 2). It is an eleven-item scale that is
used to evaluate the quality of clinical trials with physiotherapy interventions (Maher et al., 2003).
If the answer to the first line of the scale was “No”, the study was excluded, as the eligibility
criteria was not outlined. If the answer to the first line was “Yes”, the study was considered eligible,
and lines two through 11 were evaluated to assess its methodological quality. Following evaluation,
if the score was greater than four (with the maximum score being a ten), the study was considered
high quality.

Data was extracted from the studies on a data extraction form (Table 1). Baseline
information was extracted, such as publication year, country, study design, participants (n, age,
gender distribution), type of stroke, location of stroke, etc. Details of study design, such as
intervention methods, interventionist, frequency, duration, assessment timeline, and outcome
measures were also recorded.

Outcome Measures

The outcome assessed was upper extremity motor function. Several standardized
behavioral tests were employed to measure this outcome, such as the Action Research Arm Test
(ARAT), Box and Block Test (BBT), Nine-Hole Peg Test (9HPT), Fugl-Meyer Assessment (FM),
Wolf Motor Function Test (WMFT), and Motor Activity Log- Amount of Use (MAL). Each test
was implemented both before and following the intervention.
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Statistical Analysis

IBM SPSS Statistics was used to perform all statistical analyses. For all motor function
outcomes, standard mean differences using Cohen’s d (also referred to as Standard Mean
Difference, SMD) with 95% Confidence Intervals were calculated and visualized using forest
plots. A random-effects model was used to analyze the studies to account for heterogeneity.
Statistical heterogeneity was tested by an I” statistic, and a value less than 30% was determined to
be low heterogeneity. Values between 30% to 60% are considered to have moderate heterogeneity.
Values greater than 60% are high heterogeneity.

Effect sizes were determined using Cohen’s d. After analyzing relevant literature, the
designations of effect sizes that are used in the field are as follows: effect sizes of 0.2 are considered
small, effect sizes of 0.4 to 0.6 are moderate, and effect sizes of 0.8 or greater are large (Sullivan
& Feinn, 2012).

Calculations

Baseline motor function outcomes were measured before the intervention and reassessed
following the conclusion of the intervention. The difference between these values was calculated
if the study did not provide this value already. Since the motor function outcome of participants
was averaged together, a standard deviation (SD) was provided. To calculate the SD of the change
between baseline and post-intervention, the following equation was used, which is in accordance
with Cochrane Guidelines, where Corr is the correlation coefficient.

= [SD
v

~

SD E final

+SD — (2 X Corr X SDg pocaiine X SDg na)

2

E,change E‘.basel'me
Many studies did not include a correlation coefficient, so existing studies were used to

compute and average the correlation coefficient. The following equation was used, which is in

accordance with Cochrane Guidelines.
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Friedman et al. 2014 and Zondervan et al. 2016 were used to calculate the correlation
coefficient, and the final value that was used for calculations in this investigation was 0.5.

Results

Search Results and Study Characteristics
After conducting searches in six databases, 207 articles were generated from the inputted
keywords. Many articles were duplicates (107), and after removal, 100 articles were left. After
analyzing these studies using their title and abstract only, 49 were excluded, since they did not
include relevant information or were reviews. 51 articles remained for retrieval, and of these, seven
were unobtainable, as they were current clinical trial registrations or were conference abstracts.
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After analyzation, eight articles met the inclusion criteria and were included in this investigation.
Two articles, Friedman et al. 2014 and Haire et al. 2021, tested more than two groups, so the
analyses were divided into sub-sections to avoid leaving out data.

Baseline Characteristics

Eight studies (organized into a total of 10 independent analyses) were identified and
integrated into this systematic review and meta-analysis, as seen in Figure 1. Of these, six were
randomized controlled trials (RCT), one was randomized crossover trial (RCT/crossover), and one
was a controlled clinical trial (CCT). All included studies measured the outcome of motor function
following a therapeutic intervention that incorporated aspects of music. These studies were
published between 2007 to 2021 and were performed in various countries. In total, the included
studies encompassed 261 participants. Each trial varied in terms of study design and number of
included participants and ranged from 17 to 64 across the studies. Summaries of characteristics of
the trials can be seen in Table 2. The statistics outlined that there were similar characteristics and
minimal differences between the music group and the control group. The duration of a musical
intervention varied with each trial, as some were as short as two weeks and some were as long as
10 weeks.

The eight included studies were grouped into three sub-groups of music-based
interventions. Six clinical trials included Music-Supported Therapeutic (MST) interventions to
their protocol. One study (two independent analyses) incorporated patterned sensory enhancement
(PSE) based interventions, and one study (two independent analyses) incorporated Therapeutic
Instrumental Music Performance (TIMP).
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Table 1. Study Characteristics
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Stroke Type
Yea Participants (Hemorrhage/ Position (left/right)
Name r Type Design Country (n, age, % male) Ischemia) Time post-stroke
Fujioka 2018 MST RCT UsS I: 14, 44-79, 64.29% I:6.1 I: 6/8
C: 14, 40-72, 78.57% C:47+6.7(y) C:2/12
Grau-
Sanchez 2018 MST  RCT Spain I: 19, 45-74, 57.9% I: 1/18 I: 32-162 (m) I:10/10
C: 20, 49-72, 60% C:6/14 C:28-136 (m) C:10/10
Schneider 2007 MST CCT Germany 1:20,58.1+ 9.9, 60% 1:4/16 [: 2.1 (y) 1:8/7
C:20,54.5+ 10.2,75% C:2/18 C: 1.9 (y) C:6/9
Tong 2015 MST RCT China I: 15,50.01 + 14.8, 86.67% I: 5.4+ 4.8(m)
C:15,48.6 £ 14.6, 86.67% C:5.3+3.1(m)
RCT/
Friedman 2014 MST crossover  US 1:12, 57 £30.5 I:4/6 I: 34.6+32.5 (m) 1:4/8
C(a):12, 57+ 30.5 C(a): 4/6 C(a):34.6£32.5 (m) C(a): 4/8
C(b):12, 57 +30.5 C(b): 4/6 C(b):34.6+32.5 (m) C(b): 4/8
Zondervan 2016 MST RCT UsS I: 9, 45-74, 55.56% 1:5.33+4.14 (y)
C: 8, 35-74, 62.5% C:3.17£1.66 (y)
Haire 2021 TIMP RCT Canada I: 10, 55.5 £ 15.01, 50% 1:3/7 I: 50.7 + 45.53 (m) I: 3/7
C(a): 10, 54.7+ 10.76, 50%  C(a): 3/7 C(a): 71.7£69.13 (m) C(a): 3/7
C(b): 10,57.6 £11.14,60%  C(b): 5/5 C(b): 783+ 67.46 (m) C(b): 7/3
Raglio 2021 PSE RCT Italy I: 33,62.4 + 8.9, 51.5% I: 34.5 (m) I 11/22
C:32,64.7+16.0,56.2% C:29.5 (m) C:18/14
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Note. 1, intervention group; C, control group; RCT, randomized controlled trails; CCT, controlled clinical trials; RCT/crossover, randomized crossover trials;

Table 2. Intervention Characteristics

In Addition to
Technological Conventional

Name Study Design Delivery  Applications Treatment Intervention Interventionist Frequency Duration Assessments
Fujioka I: Interactive (piano N 30 sessions Licensed music  3/wk 10 wks ARAT, BBT

and drum training) (1 hr) therapist

C: everyday items
Grau- I: Interactive (piano RC N Y 20 sessions Occupational 5/wk 4 wks ARAT, FM,
Sanchez and drum training) (30 min) Therapist 9HPT

C: conventional

therapy
Schneider I: Interactive (piano RC N Y 15 sessions Clinical 3/wk 3 wks ARAT, BBT,

and drum training) (30 min) neuropsycholog 9HPT

ist

C: conventional

therapy
Tong I: Interactive RC N Y 20 sessions 5/wk 4 wks WMFT, FM

(musical instruments) (30 min)

C: No music care
Friedman I(a): Music Glove Hospital Y 18 sessions (1 ~ Physical 3/wk 2 wk BBT

hr) therapist

I(b): IsoTrainer
C: Tabletop Exercises
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Zondervan

Haire

Raglio

I: Music Glove

C: conventional
therapy

I: Interactive
(musical instruments)
and cued motor
imagery

C(a): Interactive
(musical instruments)
C(b): Interactive
(musical instruments)
and motor imagery
with no cues

I: Interactive (PSE)

C: conventional
therapy

Home

URF

Hospital

Galvis and Dr. King

Recommende
d 3h per wk

9 sessions (30
+ 15 min)

9 sessions (45
min)

9 sessions (30
min + 15
min)

20 sessions
(35 min)

Self-guided

Qualified
rehabilitation
clinicians

Occupational
therapist

Variable

3/wk

5/wk

3 wk

3wk

4 wk

BBT, 9HPT,
MAL-AOU,
ARAT

MAL-AOU,
WMFT, FM

FM, BBT

Note. RC, Rehabilitation Center; URC, University Research Facility; Y, Yes; N, No; Wk, week; 9HPT, 9-Hole Peg Test (Pegs-minute); ARAT, Action Reach Arm
Test; BBT, Box and Block Test (blocks/min); FM, Fugl-Meyer assessment (score); MAL-AOU, Motor Action Log- Amount of Use Scale; WMFT, Wolf motor

function test;
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Figure 1. PRISMA Flow Diagram.
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Table 3. PEDro Scale

PEDro Subsection Scores
Name, Year 1 2 3 4 5 6 7 8 9 10 11 Total
Published

Fujioka, 2018 Yes 1 1 0 1 1 1 1 0 8
Grau-Sanchez, Yes 1 1 0 0 0 1 1 1 6
2018

Schneider, 2007 Yes 0 0 1 0 0 0 0 0 1 1 3
Tong, 2015 Yes 1 0 1 0 0 0 0 0 1 1 4
Friedman, 2014 Yes 1 0 1 1 1 0 0 0 1 1 6
Zondervan, 2016 Yes 1 0 1 0 0 1 1 1 1 1 7
Haire, 2021 Yes 1 1 1 0 1 1 1 1 1 1 9
Raglio, 2021 Yes 1 1 0 1 0 1 1 1 1 1 8

Note. 1. Eligibility criteria were specified; 2. Subjects were randomly allocated to groups (in a
crossover study, subjects were randomly allocated an order in which treatments were received), 3.

Allocation was concealed; 4. The groups were similar at baseline regarding the most important
prognostic indicators; 5. There was anonymization of all subjects, 6. There was anonymization of
all therapists who administered the therapy, 7. There was anonymization of all assessors who
measured at least one key outcome; 8. Measures of at least one key outcome were obtained from
more than 85% of the subjects initially allocated to groups; 9. All subjects for whom outcomes
measures were available received the treatment or control condition as allocated or, where this
was not the case, data for at least one key outcome was analyzed by “intention to treat”; 10. The
results of between-group statistical comparisons were reported for at least one key outcome; 11.

The study provides both point measures and measures of variability for at least one key outcome,

Methodological Quality

The results of the PEDro scale score are outlined in Table 3. The outcome demonstrates
that the included studies were of sufficient quality. Most of the studies were conducted
anonymized, and a few were conducted double-anonymized, where both the therapists
administering the treatment and the participants were not aware of which group they had been
placed in.

Efficacy of Music-based Interventions on the Upper Extremity of Post-stroke Patients

The included studies were viable for meta-analysis of upper extremity motor function. In
total, six motor function tests were employed by the eight included studies, with each study
including a varying combination of the six motor function tests. Each motor function test was
performed both before the start and following the conclusion of the intervention. The difference
between these scores was recorded and inputted for further analysis in SPSS. All six analyses
favored the musical intervention group. Statistically significant studies (p < 0.05) and overall
results are denoted with a red asterisk.
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Action Reach Arm Test (ARAT)

ARAT is an observational motor function test to evaluate upper limb function, and it takes
around 10 minutes to complete. No special training is required for one to administer this test, but
non-standard equipment is necessary for its administration, such as ball bearings, marbles, and
various sized blocks of wood, which diminishes the practicality and accessibility of this diagnostic
(McDonnell, 2008).

The administrator of the test instructs the participant to perform standardized tasks to
evaluate grasp, grip, pinch, and gross movements, and in turn, the administrator scores the
participant’s performance of each task. The placement of objects that compose the ARAT kit are
also standardized, to ensure a fair test for all participants, independent of the administrator
(Yozbatiran et al., 2008).
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Figure 2. Forest Plot Analysis of Action Reach Arm Test (ARAT) Scores
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Five studies (six analyses) used the Action Reach Arm Test (ARAT) to measure motor
function outcomes following the intervention. Figure 2 shows that Fujioka 2018 and Grau-Sanchez
2018 had significant effects. The confidence interval does not exclude the possibility of a positive
effect, which means that music-based therapies may have a positive effect on motor function.
Additionally, four out of the six analyses favored music-based therapies. The overall results (SMD
=0.21, 95% CI -0.30~0.71) revealed no significant difference between the intervention group and
the control group with high heterogeneity (p = 0.42, = 0.62).

Nine Hole Peg Test (9HPT)

The Nine Hole Peg Test (9HPT) measures hand and finger dexterity by measuring the time
it takes for a participant to repeatedly grab nine small pegs from a container, insert them into a
nine-hole grid, and replace them in the container, one at a time (Mathiowetz, Weber, et al., 1985).

When completing the 9HPT, the faster the participant completes the test, the greater their
hand and finger dexterity (Temporiti et al., 2023). This test is practical, as it is easy to administer
and acceptable to patients. A kit can be purchased for under $100, making it an affordable option
as well.
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Figure 3. Forest Plot Analysis of the Nine-Hole Peg Test (9HPT) Scores
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Four analyses (three studies) measured the effectiveness of music-based interventions
using the 9-Hole Peg Test (9HPT, pegs per minute) as seen in Figure 3. The overall results (SMD
=0.42, 95% CI: 0.00~0.84) revealed a significant difference between the control group and the
intervention group with low heterogeneity (p = 0.05, I = 19%). All four analyses favor music-
based interventions, with Friedman (a) 2014 being statistically significant.

Box and Block Test (BBT)

The Box and Block Test (BBT) evaluates functional performance of gross manual dexterity
by having the participant pick up and move small blocks from one side to the other of a portioned
box, one at a time. The total number of blocks moved in one minute is recorded, and the
participant’s fingertips must cross the divider when moving blocks for a point to be rewarded.
(Mathiowetz, Volland, et al., 1985).

This test is practical, and the design of the test’s administration and scoring provide little
room for bias. While this instrument is more expensive than the 9HPT, it is still at an accessible
price below $300.
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Figure 4. Forest Plot Analysis of Box and Block Test (BBT) Scores
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The Box and Block Test (BBT) was used to measure motor function outcomes in four
studies (five analyses). The overall result (SMD = 0.50, 95% CI 0.13~0.87) was statistically
significant (p = 0.01) with a low level of heterogeneity (I* = 24%). Four of the five analyses favor
music-based therapies, with Schneider 2007 and Friedman (a) 2014 being statistically significant
(p =0.04 and p = 0.01, respectfully).

Fugl-Myer (FM) Assessment

The Fugl-Myer Scale is a 226-point Likert scale that measures motor function recovery
from stroke that is divided into five sub-sections: motor function, sensory function, balance, joint
range of motion, and joint pain. Each section has items that are scored from 0 to 2, where scoring
is based on the observation of performance. A score of 0 is given to participants that cannot perform
the task. A score of 1 is rewarded to partial completion, and a 2 is given to a task that is performed
fully (Fugl-Meyer et al., 1975).

The assessment is best administered by a licensed physical therapist. The total time of
administration is around 30 minutes, and when the motor function sub-section is administered on
its own, it takes approximately 20 minutes to complete (Gladstone et al., 2002).

Figure 5. Forest Plot Analysis of Fugl Myer (FM) Scores
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Five studies (seven analyses) used the Fugl-Myer Motor Function Outcome Test to measure
the improvement of motor hand function following rehabilitation (Figure 5). The overall results
(SMD = 0.15, 95% CI -0.11~0.42) favored music-based therapies. Four of the seven analyses
favored music-based interventions, with one statistically significant study, Tong 2015 (p = 0.04).
Though the overall analysis was not statistically significant (p = 0.26), the overall analysis
indicated no heterogeneity among the included studies (/7= 0%).
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Wolf-Motor Function Test (WMFT)

The Wolf-Motor Function Test (WMFT) measures upper extremity motor abilities and
consists of 17 standardized tasks, such as folding a towel, placing a hand on the table, and picking
up a paper clip. All the tasks measure three main areas: time, functional ability, and strength. Each
item must be completed in 120 seconds or less, which brings the total time of administration to
approximately 30 to 35 minutes (Wolf et al., 2001).

Scoring is based on a six-point ordinal scale. A score of 0 is assigned to tasks the participant
does not attempt with the upper extremity being evaluated, and a score of 5 is awarded when the
participant attempts with the affected arm and the movement appears to be normal. A higher score
on the six-point scale is rewarded for attempting with the paretic limb without assistance from the
non-affected limb or from faster completion or precision of the task (Whitall et al., 2006).

Figure 6. Forest Plot Analysis of Wolf-Motor Function Tests (WMFT) Scores
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Three studies (five analyses) conducted Wolf-Motor Function Tests (Figure 6) before and
after their respective studies. The overall results (SMD = 0.38, 95% CI -0.03~0.80) favor the
groups that received music-based interventions and indicate there was low heterogeneity (I =
23%). The overall results of the WMFT were not statistically significant (p = 0.07). However, three
of the five analyses favored music-based therapies to generate a pooled SMD favoring music-
based therapies. Additionally, the confidence interval does not exclude the possibility of a positive
effect.

Motor Activity Log — Amount of Use (MAL-AOU)

The Motor Activity Log (MAL) is a structured interview of standardized questions that
assess an individual’s functional upper limb performance in the context of real-life scenarios. The
test is made up of two scales. The Amount of Use Scale (AOU) measures the amount in which the
individual uses the paretic arm, and the Quality of Movement (QOM) Scale measures the patient’s
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perceived quality of movement during specific activities (Uswatte et al., 2005). Only MAL-AOU
was implemented by the trials included in this investigation.

Examples of questions about real-life scenarios that MAL implements in the motor function
outcome measurement are turning on a light switch, opening drawers, picking up a phone, etc. The
test is printed and placed in front of the participant during the administration (Taub et al., 2011).
MAL may be administered by any health professional who has reviewed the manual and
procedures. Additionally, the full administration of the test will take approximately 20 minutes.
Finally, because MAL is an interview, the only tools required for administration are the printed
sheet of questions and a pencil, which helps to increase accessibility due to decreased cost (Ashford
et al., 2008).

Figure 7. Forest Plot Analysis of Motor Activity Log — Amount of Use Scale (MAL-AOU) Scores
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The Motor Activity Log- Amount of Use Scale was implemented by two studies (three
analyses), and the I test measured moderate heterogeneity between them (/2 = 0.44). In Figure 7,
the overall results (SMD = 0.10, 95% CI -0.61~0.82) did favor music-based therapies but were not
statistically significant (p = 0.78). However, one of the studies, Zondervan 2016, was statistically
significant (p = 0.08) and strongly favored music-based therapies (SMD = 0.90).

The Application of Technology in Music-based Interventions

Three studies directly incorporated aspects of technology with patients: Friedman et al.,
2014; Zondervan et al., 2016; and Haire et al. 2021. Of these studies, analyses of Friedman (a)
2014 revealed a statistically significant difference between outcome and baseline for both 9HPT
and ARAT.

The Role of the Interventionist in Rehabilitation

Only one study (Fujioka et al., 2018) utilized a licensed music therapist as the
interventionist for the experimental protocol. Freidman et al., 2014 was a self-guided study.
Fujioka et al., 2018 showed a statistically significant difference in ARAT scores, and Friedman (a)
et al., 2014 showed statistically significant differences in BBT and 9HPT scores. Schnieder et al.,
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2007 employed a registered clinical neuropsychologist to administer the study protocol, and this
study had a statistically significant difference in scores in the BBT test. The remaining studies had
qualified rehabilitative clinicians facilitate the protocol for the duration of the study.

Discussion

Summary of Results
This investigation examined the effectiveness of MBIs, including music-supported therapy (MST),
patterned sensory enhancement (PSE), and therapeutic instrumental music performance (TIMP),
using motor function outcome measures taken before and after the intervention. In total, six motor
function tests were employed by the eight included studies, with each study including a varying
combination of the six motor function tests.

Overall, this investigation suggests that music-based interventions have a positive effect
on upper extremity motor function. This is based on a comprehensive systematic review including
eight studies (10 analyses) and nearly 300 participants. Most studies suggested music-based
interventions led to improvements in upper extremity function. However, some outcomes were not
statistically significant and varying levels of heterogeneity were present.

In total, two motor function outcome tests produced statistically significant pooled results:
the Box and Block Test (BBT) and the Nine-Hole Peg Test (9HPT), with (p =0.01) and (p = 0.05),
respectfully. Additionally, five out of the six tests had at least one statistically significant study
included in the overall analysis. The remaining test, Motor Activity Log — Amount of Use (MAL-
AOU), included one study (Zondervan et al., 2016) that was close to being statistically significant
(p = 0.08). This study included a total of 17 participants. A study designed with the same protocol
and a larger sample size may provide a statistically significant result.

The Role of Frequency and Duration in Rehabilitation

From the included studies, the most common frequency and duration of a MBI was five
times per week for four weeks, for a total of twenty sessions. While this was the most common
study design, many included studies held fewer sessions to create a range of total sessions from
nine to twenty. It is difficult to investigate whether the frequency and duration of study
interventions alone influenced patient motor output, but it is worth noting that results from Haire
et al., 2021 did not reveal any statistically significant differences in motor assessment scores in
either one of the groups analyzed. This study, outside of Zondervan et al., 2016 which was self-
guided, was the study with the least number of total sessions. Based on the results from the present
study, a frequency and duration of three times a week for three weeks is not recommended, as it
did not produce statistically significant differences in motor function outcomes. Although this
frequency and duration did not generate statistically significant results, this does not mean that the
rehabilitation was not effective. The studies that produced statistically significant differences in
motor function outcomes had a mean total number of sessions of 20.14, which may be used as a
target number of sessions over an obtainable period and tailored based on a patient’s needs and
rehabilitative goals.
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Further studies are needed to determine the suggested average number of sessions, with
their respective durations and frequencies, but ultimately, this will vary on a case-by-case basis.
Continued research will help care providers support patients with more research-supported
methods of care.

Music's Role in Study Outcomes

A potential aspect that may contribute to the effectiveness of music in therapeutic
interventions may be due to the associations of emotions to music. The mesolimbic system is an
integral part of emotional processing in the brain, and in therapeutic interventions. Like traditional
therapeutic interventions, music therapy and music-based interventions utilize goal-setting and
goal directed activities. Dopamine has a hand in several pathways, such as learning, reward, and
addiction (Mas-Herrero et al., 2021). When engaging in behaviors where positive emotional
responses are generated, dopaminergic neurons fire to generate reward-dependent behavior (Boso
et al., 2006). Further, by presenting the therapeutic intervention in a fun and unique way, (such as
with the MusicGlove used in Zondervan et al., 2016 and Friedman et al., 2014) compared to
conventional rehabilitation, future research can explore whether a patient is more likely to produce
dopamine, thus engendering a stronger learning network associated with the task.

Additionally, animal studies have revealed that cortical plasticity is enhanced with
behavioral relevance and increased motivational value of a given task, and studies have shown that
music has a high motivational value (Hallam, 2002). Thereby, music-based therapies create an
enjoyable environment and in turn generate a high level of motivation to perform the exercises,
especially at home and not in a clinical setting. When a patient is more motivated to perform their
rehabilitative exercises, they are more likely to have a positive outcome.

A 2023 study examined the correlation between motor rehabilitation level and
psychological state in patients with limb movement disorders with eighty post-stroke patients, and
Li et al. concluded that there is a strong correlation between motor rehabilitation and the
psychological state of patients. The higher the patient’s negative emotions, the worse the
rehabilitation effect was (Li et al., 2023). Thus, the engaging techniques used when incorporating
music-based therapies into a patient’s plan of care is integral to their overall outcome, as elements
that contribute to their overall mental health have major implications in their rehabilitation.

Music-based interventions (MBIs) are therapeutic approaches that use music and/or
elements of music to accomplish non-musical goals (Thaut & Hoemberg, 2014). This is a broad-
spanning classification of therapeutic interventions, and the present study has included various
study protocols that adhere to different aspects of this spectrum. Thus, it is worth discussing the
influence that music and its components may have on rehabilitative outcomes, focusing on the
diverse study design of the included studies.

In the Grau-Sanchez et al., 2018 study, participants in the MST group were trained to play
a keyboard and an electronic drum set with their affected upper extremity. This training followed
a modular therapy regime with a stepwise increase in complexity. While the study details the
instruments and the progressive nature of the therapy, it does not provide information about
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specific musical pieces or thythms used during the training sessions. It is possible that the modular
therapy protocol involved different exercises or tasks on the instruments that increased in
difficulty, rather than focusing on specific songs or rhythms.

A similar study design was seen in Fujioka et al. 2018. It was also a MST-based protocol,
where the participants engaged in music-making activities using percussion and keyboard
instruments rather than playing pre-composed music. Participants used various implements such
as drumsticks, mallets, and brushes, in addition to their palm and fist, to play the instruments. The
levels of difficulty in the MST sessions were adjusted by modifying the patterns, speed, and
dynamics of movements, as well as the distances and heights of the apparatus. Therefore, the music
created was likely improvisational and goal-oriented towards exercising specific movements rather
than playing established musical pieces.

Whereas other included studies had participants incorporate pre-written songs into the
MBIs. Tong et al., 2015 utilized an MST-based protocol which had participants play simple
melodies at the final step of the study protocol. The three melodies selected for this study were
“Are you sleeping”’, “Edelweiss”, and ““Auld lang syne”. Additionally, in Schneider et al., 2007,
the participants played tones, scales, and simple melodies on either a MIDI-piano or an electronic
drum set. The most difficult levels involved playing the beginnings of children’s or folk songs and
eventually songs consisting of 5—8 tones with the paretic hand. Overall, 20 different songs were
available for the eight tones, with "Ode to Joy" being given as an example. Lastly, Friedman et al.,
2014 included technology in their study protocol to facilitate participants playing music via the
open-source music game called Frets on Fire (FOF). Following the initial assessments, participants
played twelve songs, which took around 45 minutes to complete. The user satisfaction survey
indicated that the musical aspect of the therapy was highly important to the participants, with an
average rating of 9.5 out of 10 (Friedman et al., 2014).

The point that the melodies involved in the study design of these interventions had the
potential to be well-known to the participants may have had a role in study outcomes. Often there
are memories tied to melodies, especially those that can be classified as children’s or folk songs.
The dopaminergic response to hearing and playing these melodies may have influenced the rate of
motor function rehabilitation.

Additionally, being that the melody that the participant was playing may have been known,
it may have provided a goal for the participant to strive to produce the melody that is familiar to
them, as opposed to improvised melodies and rhythms that participants would form less of a
connection to. Ultimately, these participants may have witnessed and felt a vastly different musical
experience in study protocols with well-known melodies as opposed to other study designs. Further
research investigating the difference in rehabilitation outcomes with MBIs incorporating pre-
composed, well-known melodies versus improvised melodies should be explored.

Conversely, other included studies, such as Raglio et al., 2021 and Haire et al., 2021,
implemented auditory feedback based on movements of the participants, which do not incorporate
aspects of pre-composed music. The Raglio et al., 2021 study incorporated PSE in their study
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design. Here, the music was direct auditory feedback of the participants’ movements, without
requiring any specific cognitive musical tasks. The musical feedback provided a natural cue on the
coherence and quality of their movements, where a “correct” movement would result in a fluent
musical progression.

In the Haire et al., 2021 study, they used TIMP sessions, where the participants’ movements
produced musical sounds, which is similar to the Raglio et al., 2021 study. But Haire et al., 2021
study also incorporated both acoustic and digital instruments, which is what classifies their MBI
as TIMP. They used a tablet that functioned as a "sonification arm training apparatus" and produced
musical sounds when touched. Instruments were placed as movement endpoints for exercises
targeting various aspects of upper extremity function. An external rhythmic auditory cue, set at the
participant’s preferred tempo, guided the movement trajectories, emphasizing accuracy over speed.

Ultimately, in both Raglio et al., 2021 and Haire et al. 2021, the focus was on the mapping
of movement onto sound rather than the performance of existing musical works. In these studies,
the aspects of music that may have helped to contribute to amelioration of motor skills are sound
and rhythm. Both the limbic and paralimbic areas are activated upon music listening, and the brain
areas involved in movement, such as the motor cortex, cerebellum, and basal ganglia, can be
activated when moving along to a rhythm (Altenmuller et al., 2017; Raglio et al., 2021). The neural
changes in the sensory-auditory circuits and motor areas following MBIs lead to functional
reorganization in the nodal points of brain networks, which can lead to effects lasting beyond
rehabilitation (Schlaug, 2009).

The Application of Technology in Music-based Interventions

With technological applications increasingly being added to various forms of
rehabilitation, the present study aimed to investigate the impact of technology on music-based
interventions. Various forms of technology are incorporated into MBIs, but the present study
focuses on technology that directly facilitates the interaction of the patient with music, such as in
forms of gamification, VR, or tablets. Three studies directly incorporated aspects of technology
with patients: Friedman et al., 2014; Zondervan et al., 2016; and Haire et al., 2021.

Friedman et al., 2014 and Zondervan et al., 2016 both incorporated the MusicGlove, which
is an FDA listed rehab device with a program that helps improve mobility for hand and fingers
while playing an engaging musical game. Haire et al., 2021’s study design included a programmed
digital interactive sound tablet with 32 surface key squares in 4 rows producing musical sounds on
touch.

Of the studies that directly included technology, analyses of Friedman (a) 2014 revealed a
statistically significant difference between outcome and baseline for both 9HPT and ARAT. It is
worth noting that Zondervan et al., 2016 and Friedman (a) 2014 employed a gamified method of
rehabilitation, and this, coupled with auditory feedback, could be potential sources that worked to
achieve amelioration of motor function. These two concepts were facilitated by the incorporation
of technological applications.
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Additionally, gamification may lead to a more positive experience due to reward
mechanism activation. The basal ganglia facilitates production of more dopamine, which is
essential for learning and long-term potentiation (Sgubin et al.,, 2023). Additional
neurotransmitters, such as endorphins, may also drive motivation and its effect on mood, which is
linked to one’s desire to improve game performance (Janssen et al., 2017). Further, increased
engagement is an additional benefit of gamification in rehabilitation (Sgubin et al., 2023).

As previously mentioned, Haire et al., 2016 included the least number of total sessions of
music-based interventions, which may explain why none of the outcome assessments that were
used in their study design produced statistically significant results. Thus, further research
investigating the rehabilitation potential of technology in MBIs is needed. More trials with larger
sample sizes will help to provide a better understanding of how this intervention may aid in post-
stroke motor recovery, independent of other parts of protocol design.

The Role of the Interventionist in Rehabilitation

It is difficult to determine whether the role of the interventionist alone played a role in
rehabilitation. There were several different types of professionals that facilitated the study protocol
in the included studies, such as clinical neuropsychologist, music therapists, self-administered, and
other qualified rehabilitative clinicians. While Fujioka et al., 2018 was the only included study that
incorporated a music therapist that facilitated the study protocol, additional investigations are
needed to make further conclusions about what roles interventionists may play in facilitating
music-based interventions, especially since incorporating more technological applications of MBIs
may lead to more self-lead rehabilitation.

Potential Areas of Variance

Upon researching the various outcome measures that the trials included in their study
designs, the authors discovered that some of the outcome measures have limitations. While the
Action Research Arm Test (ARAT) has been found to be a reliable and valid measure of arm motor
assessment post-stroke, it does have some limitations.

One limitation of ARAT is that it is an observational measure where the method of scoring
is subjective, as it is left up to the administrator’s interpretation of the patient’s ability to perform
the task. The ARAT is comprised of 19 items, and the movement of the task follows an ordinal
scale, with 0 meaning no movement, 1 meaning task is partially performed, 2 meaning the task is
completed but it takes abnormally long, and 3 meaning the movement is performed in a normal
fashion (Yozbatiran et al., 2008). What constitutes “abnormally long” is not defined and is left to
the administrator’s interpretation (McDonnell, 2008).

The details of the test, such as item positioning and maximum time allotted for each item
of the test are also left up to the administrator’s discretion. Further, there is a lack of standardization
when outlining the weight, source, and size of the objects utilized in the test’s administration,
which can also contribute to variability in scoring (McDonnell, 2008). These limitations can be
modified to improve the outcome to add to its validity and make it applicable to a larger audience.
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Additionally, for each item of the MAL-AOU, the participant is asked whether they have
attempted the activity in the past seven days, and the appropriate score is assigned based on their
response, with 0 being never and 5 being normal. A point of consideration worth noting is MAL is
subject to experimenter bias and limited to the patient’s ability to accurately recall their use of their
paretic limb. Further, the design of the test permits caregivers to perform this test on the behalf of
the individual with the paretic limb to report the amount of use of the individual’s paretic limb
(Uswatte et al., 2005). While no studies included in this investigation used this method, it is worth
noting for future studies.

The results from the /° statistic in this study support the idea that both ARAT and MAL-
AOU possess bias. They are the two motor function outcome measures with the highest
heterogeneity, with 62% and 44% respectively. All remaining assessments had low heterogeneity,
whereas ARAT had high heterogeneity and MAL-AOU had moderate heterogeneity. The I statistic
assesses the level of heterogeneity between the data within each motor function outcome test. The
possibility of higher variation of the data between studies, despite using the same assessment, is
increased due to the higher likelihood of bias from the design of the assessment.

Further, the amount of potential bias is likely to be higher in qualitative-based assessments
compared to quantitative-based assessments. Though all motor function tests used in this
investigation assign numerical values to measure the outcome, the way these values are obtained
vary between tests. The quantitative-based tests are 9HPT, BBT, and MAL-AOU, since they
strictly measure the number of pegs, blocks, and tasks (respectfully) that the participant
moves/does over time. Though, MAL-AOU provides its own set of bias, due to the nature of the
test being interview-based.

The remaining tests (ARAT, FM, and WMFT) derive their data from qualitative-based
assessments since they assign a numerical value to the quality of movement performed from each
task. While these tests may provide a degree of bias, they are still well-respected and have
undergone a series of reliability tests to gain their spot as a standardized motor function test in the
field of rehabilitation and physical therapy.

The overall I statistic determined for the FM assessment was 0% heterogeneity. This
indicates that the five included studies (seven analyses) are homogeneous, and all observed
variability is likely due to sampling variance. One reason for this may be due to the design of the
test. The FM assessment is rated on a 3-point Likert scale, with 0 indicating no performance of the
task, 1 indicating partial performance, and 2 indicating full task performance. With these clear
distinctions for point values coupled with an effective rehabilitative intervention, it is very likely
that the variance in the data between studies was very low, which is confirmed with the results of
the I statistic.

Reflection of Results

Overall, there were seven individual studies that were statistically significant: two in
ARAT, one in 9HPT, two in BBT, one in FM, and one in WMFT. While the studies employed
varying protocols, durations, and average time post-stroke, a similarity in study size is common
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between the studies that were statistically significant within each motor function outcome
measurement.

Several studies were not statistically significant. This may be largely due to two factors:
small sample size and variation in the population tested (duration, type of stroke, age, etc.). One
study that was not significant in any of the motor function outcome measures was Zondervan 2016.
It had the smallest sample size of all included studies at » = 17. Further, while Haire 2021
compared two control groups to the intervention group, each group totaled n = 10, which ultimately
minimized the impact of the study in the pooled effect. This can be seen in the weight of Haire (a)
and Haire (b) in FM, WMFT, and MAL-AOU.

To yield a more accurate analysis, performing the study protocols outlined in both
Zondervan et al., 2016 and Haire et al., 2021 with larger sample sizes is recommended. However,
it must be noted that recommendations may be hard to follow at times, due to inclusion criteria
and availability of resources and participants. One aim of this investigation is to bolster the
incorporation of music-based interventions in rehabilitation centers and for at-home exercise
programs.

Raglio et al., 2021 did not produce statistically significant results in any motor function
outcome measures and was designed with larger sample sizes relative to the other included studies.
It is more difficult to suggest a possible reason as to why it did not produce statistically significant
results. Some included studies did not provide an average age for the participants included in the
studies. But, for the studies that did, the average age of included participants was in their late 40s
or mid to late 50s.

Additionally, in Raglio et al., 2021, the average age of an included participant was 62.4 +
8.9 for the intervention group and 64.7 + 16.0 for the control group. Not only was the average age
older than the other included studies, but the standard deviations from the mean were also larger
compared to the other included studies. This may incorporate higher variability to the study, as
older adults may have varying levels of cognition and are more susceptible to fatigue between age
groups.

When comparing the motor function outcome assessments to each other, some assessments
stand out to be recommended for analysis of the efficacy of music-based interventions. Both the
9HPT and BBT are recommended, as they produced statistically significant results favoring music-
based therapies, confirming that there is a significant difference between the control and
intervention groups. Thus, these assessments are ideal to measure improvements made by this form
of rehabilitation. Additionallyy, WMFT may also be recommended, as the confidence interval
suggested that the results favored music-based therapies. This coupled with its p-value of 0.07
indicates that it has the potential to be an efficient and accurate measure of motor function
improvements following music-based interventions. This may be confirmed with more studies and
larger sample sizes. The other motor function outcome measures used in this study are reliable and
standardized measures of motor function, but they may not be suitable for detecting a statistically
significant difference with this form of rehabilitation.
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Lastly, a major limitation regarding comparing the motor function assessments to each
other is the lack of a study that used all motor function assessments investigated in this study. A
study designed to measure the effectiveness of the protocol against the six motor function
assessments used in this investigation would provide a clear insight into which motor function
assessments are recommended for this type of rehabilitation.

Navigating Potential Issues and Limitations

One potential issue arose when screening full text articles and comparing their study
design. Many studies were excluded from this investigation due to the absence of control groups
in their study design. These studies were classified as either feasibility, case, or pilot studies. 13
studies were excluded because they were identified as such. Feasibility studies are instrumental in
the preliminary construction of a full-size RCT, since they are used to format interventions and
outcome measures, and pilot studies provide a small-scale model of the larger scale RCT.

Further research in the trials that were excluded where researchers implement a protocol
continuing the study design with a control group would improve the accuracy of this investigation,
and ultimately, they will provide more opportunities to showcase how music-based therapies can
provide a cost-friendly and effective intervention for rehabilitation.

Additionally, there are some limitations of the investigation that need to be addressed. First,
in terms of study design, there was one individual who completed all parts of the present study.
The lack of additional reviewers increases the risk of bias during study selection, data extraction,
and interpretation. However, several strategies were employed to minimize bias and maintain rigor.
All Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
were adhered to, and explicit, detailed criteria for study inclusion and exclusion were defined. The
screening process was documented and detailed records of how studies were identified, screened,
and excluded while providing clear reasons for exclusions at each stage. The extracted data was
revisited twice to identify and correct any potential inconsistencies. Clear records were kept
documenting all decisions, including database search strategies, inclusion/exclusion rationales,
and analysis steps.

Second, there is a possibility that studies that meet the inclusion criteria, including ongoing
research, were not included in this meta-analysis. Further, at times, negative findings may not be
reported, which could influence the reliability of the findings. Third, many of the included studies
had small sample sizes. The average sample size was less than 30, and this presents the possibility
that the studies could have lacked the ability to detect differences between the control and
intervention groups. Fourth, many studies did not include a follow-up, so the long-term effects of
music-based interventions were not examined in the present review. Fifth, there was variability in
stroke location and type in the participants enrolled in each included study, and this variability
contributed to heterogeneity between the studies used for analyses.

Another limitation that arose during this investigation was the inability to analyze
additional motor function outcome measures. Some of the included studies did implement
additional motor function outcome assessments, such as the Chedoke Arm and Hand Activity
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Inventory (CAHAI), Chedoke-McMaster Stroke Assessment (CMSA) arm and hand, Arm Paresis
Score (APS), and Motor Activity Log — Quality of Use (MAL-Q). However, there was only one
study for each of these additional measures that included each of these assessments. Thus, they
were not included in statistical analyses since there was no other data available to facilitate a pooled
effect. Ultimately, the data was excluded from this investigation.

Lastly, multiple included studies employed music-based therapies in addition to
conventional therapies, thus making it difficult to assess whether the amelioration is a result of
further rehabilitation or effects from music-based interventions. Further, with music-based
therapies on top of conventional therapies, it is possible that participants may have been fatigued
when the motor function tests were performed. This may have resulted in an inaccurate account of
the participants’ motor function. Further research is necessary to make these distinctions.

Conclusions

Clinical Applications
This study has pragmatic clinical applications. With the global number of older adults increasing,
there is an increasing demand for supporting this population, as this is the age where stroke is most
common (Tsao et al., 2023). Additionally, a patient’s socioeconomic status should not predict their
post-stroke ability. This condition inserts a large financial and emotional burden on both patients
and caregivers. Further, the lack of accessible medical care leaves some patients with a long
commute to gain access to medical and rehabilitative care, regardless of cost. Individuals in this
situation may greatly benefit from technological applications of music-based therapies where they
can participate in at-home guided rehabilitative programs with music therapist’s supervision at a
more cost-effective price point.

This study serves not only to examine the field of music-based interventions within the
realm of medicine, but to also help expand the reach and knowledge of the field. Many private and
federal insurance companies have yet to cover music therapy, which prohibits a large population
of individuals from benefiting and experiencing this healing art due to cost. Further, the field is
still growing, leaving limited access to music therapists in some communities. Those without
knowledge of the field continue to be hesitant about its efficacy and implications in treating various
disorders and needs. Further research and subsequent advocacy are needed to remove these barriers
and to support comprehensive care for patients in all areas.

In Future Studies

In future studies, the duration and number of music-based therapeutic interventions should
be augmented to determine the most effective course of treatment involving music-based therapies.
Additionally, further investigations can explore which sub-sets of music-based therapies are most
effective. This can be performed by utilizing the same diagnostic tests, which will drastically
reduce heterogeneity and allow for direct comparison of interventions. Further, future
investigations can vary the interventionists with a consistent study design and protocol across all
groups.
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To decrease the heterogeneity of included studies, an investigation could be made to
compare music-based therapies of consistent durations and frequencies to analyze the effects of
this on patient motor output. This could also be taken a step further to compare various numbers
of total sessions of music-based therapeutic interventions to the same total number of traditional
rehabilitative sessions to examine how the outcomes of the interventions compare to one another.

To summarize, there was evidence supporting a positive effect of music-based
interventions for the treatment of upper extremity motor dysfunction. Post-stroke patients with
upper extremity motor deficits can be encouraged to incorporate music-based therapies to create a
comprehensive plan of care.
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