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ABSTRACT
Background: Dementia can be associated with motor and non-motor disorders such as cognitive impairment, depres-
sion, and behavioral disturbance. The symptoms typically progress gradually over time. Music-cued exercises have been 
of therapeutic interest in recent years, especially to enable people with chronic neurological diseases to move more 
easily and to experience greater well-being. Objective: To investigate whether music-cued exercises are more effective 
than usual care for the management of motor and non-motor symptoms in people living with dementia. 
Methods: Systematic searching of the international literature was conducted in January 2018. Keywords were searched 
through electronic databases including MEDLINE, CINAHL, Embase, PsycINFO, PubMed, Scopus, the Web of Sci-
ence, Science Direct, Wiley online library, and JOVE. The Cochrane collaboration tool was used to assess the risk of bias 
of the randomized controlled trials (RCTs). The Downs and Black checklist assessed the quality of non-RCTs. 
Results: Twelve studies met the eligibility criteria, including 4 RCTs. Three investigated the effects of music-cued exer-
cises on motor performance, four examined non-motor outcomes, four quantified the level of exercise participation, 
and one examined both motor and non-motor outcomes. The included studies were of modest to low quality. 
Conclusion: There is growing evidence for the beneficial effects of music-cued exercises for people living with demen-
tia. Enjoyable music and physical exercises matched to rhythmical music appear to have benefits for some individuals. 
The dosage of music-cued exercise is a key determinant of the motor and non-motor outcomes in people living with a 
variety of forms of dementia.
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INTRODUCTION 
Dementia is a chronic neurological disorder and one of the 
main causes of disability and reduced quality of life in older 
people throughout the world [1,2]. There are various forms 
of dementia, such as Alzheimer’s disease, Lewy body de-
mentia, frontotemporal dementia and vascular dementia 
[3]. Dementia can be associated with a progressive deterio-
ration in multiple brain functions [4]. It can sometimes af-
fect cognition, behavior and other psychological functions, 
and frequently limits mobility [4-6]. The risk of dementia 
increases with age [7]. The incidence also increases steep-
ly over the age of 85 years [8, 9]. In the United States of 
America, an estimated 5.5 million people have Alzheimer’s 
disease and this expected to grow to around 14 million by 
2050 [2]. The worldwide incidence of dementia is estimat-
ed to rise to 135 million people by 2050 [10]. 
People living with dementia may need assistance with per-
forming daily activities such as dressing, self-care, work-
ing and walking [11-13]. The risk of developing second-
ary complications also increases. Pneumonia is one of the 
most common secondary complications and a key cause 
of mortality in the advanced stages of the disease [14,15]. 
Deterioration in motor function can also occur in the ear-
ly stages [6, 16, 17]. Movement slowness, gait disturbance, 
postural instability and falls are common [6, 16, 18, 19]. 
Exercise and physical activities are associated with short-
term improvements in motor performance and functional 
abilities in some individuals living with dementia [20-24]. 
Selected non-pharmacological interventions have shown 
promising results for symptomatic management [25,26]. 
In particular, music-cued exercises appear to enhance 
cognitive, behavioral and psychological function in some 
people, especially in the early stages [20, 27-29]. Individ-
uals with dementia can find it challenging to participate 
in exercise programs over extended periods of time [30]. 
Apathy, reduced motivation, lethargy and poor short-term 
memory are common barriers to engagement in exercis-
es [30, 31]. Physical activities accompanied by music can 
be motivating and appear to have benefits for improving 
symptoms in some people, especially in the early to middle 
stages of the disease [32, 33]. 
The role of music in enhancing cognitive and behavioral 
functions in people with dementia has been reported [34-
36]. Music can motivate people living with dementia to 
move more and exercise for longer [37-40]. Musical mem-
ory in many people with dementia remains preserved, even 
in the latter stages[41,42]. For example, lobule IV of the 
cerebellum is involved in tasks related to cognition, move-
ment [43], and the processing of music [44, 45]. Activation 
of this area increases with music playing during physical 
activities and is argued to enhance movement, memory 
and motor learning [46, 47]. The motivational aspects of 
music can also facilitate synchronization of movement to 
the beat [47]. Jacobsen et al. 2015 [42] reported the ventral 
pre-supplementary motor area and caudal anterior cingu-
late gyrus to be responsible for long-term musical memory. 
These regions appear to be amongst the last to degenerate 

in dementia, which could help to explain the beneficial re-
sponses of some people living with dementia to familiar 
music [42]. To gain advantages of music when combined 
with movement, it appears to be particularly helpful to fol-
low a strong and clear rhythm [48]. There is preliminary 
evidence that external rhythms can enhance motor perfor-
mance, especially when a person enjoys moving to music 
[38, 48, 49].
This review evaluates studies on the effects of music-cued 
exercises for people living with dementia. Two main ques-
tions were addressed:
(1) Does music-cued exercise have more beneficial effects 

on motor and non-motor signs of dementia compared 
to usual care?

(2) What are the motor and non-motor outcomes of mu-
sic-cued exercises?

METHODS 
The protocol for this systematic review was published in 
2017 (DOI:  10.15621/ijphy/2017/v4i1/136167) [50]. The 
review complied with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [51]. Meta-analysis was not applicable due to lack of 
homogeneity of the studies reviewed and the limited num-
ber of eligible studies. 
Eligibility criteria
Study design 
Studies included RCTs, quasi-randomized trials, and con-
trolled clinical trials. Comparative studies that did not have 
randomization, case-controlled studies and cohort studies 
were also considered. Studies were excluded if clinical re-
ports, single case studies, monographs or protocols, and if 
they were not published in English.
Participants 
The sample included people diagnosed with dementia of 
any type, any stage or any severity. All ages, medications, 
and comorbidities were included.
Intervention
Studies were included if they used any type of music, com-
bined with any form of physical exercise and any duration 
of the exercise intervention. They were excluded if music 
was used alone, or as mental practice or when music was 
utilized with activities other than physical exercises.  
Comparator
The studies were included if the interventions were com-
pared with control conditions, such as usual care or usual 
physical activities.
Outcomes
The motor outcomes included variables related to gait, mo-
bility, and balance. Non-motor outcomes such as depres-
sion, anxiety, behavior and other psychological and cogni-
tive impairments were also reviewed.
Information sources
A search was conducted in January 2018 involving major 
electronic databases related to health, physical therapy, 
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exercises, art therapy, music, and engineering. Included 
databases were MEDLINE, CINAHL, PubMed, AMED, 
Embase, PEDro, PsycINFO, Scopus, the web of science, 
Cochrane central register of controlled trials, Science Di-
rect, Wiley online library, and JOVE.  Searching of the grey 
literature and the reference lists of relevant articles also oc-
curred.
Search strategy
Two groups of keywords were selected. The first was de-
mentia OR Alzheimer(s), and the second group included 
keywords related to music (e.g., rhythm and auditory) and 
exercise (e.g., movement, mobility, training). The search 
was limited to English language studies within the last 30 
years. An example of the search strategy for MEDLINE 
(OVID) is in Appendix 1. The resulting citations from the 
search were downloaded to EndNote© (52) which was 
firstly used to delete duplicates.
Study identification and selection
Eligibility criteria were applied to the title and abstract of 
every citation followed by full-text screening for final fil-
tering of citations.
Data collection process and data items
A data extraction sheet was developed by the authors. Data 
were extracted by two reviewers (YG and RG). Any dis-
agreements between reviewers were resolved by discussion 
until consensus was reached. The information extracted 
from each study included: (i) general characteristics of the 
study such as the title, authors, source of publication and 
type of the study; (ii) participant characteristics, such as 
age, gender, type and severity of dementia, and co-morbid-
ities; (iii) intervention characteristics included the type of 
music, criteria for selection, type and dosage of exercise, 
co-interventions and the duration of each session; (iv) out-
come assessment included the outcome, and its type (mo-
tor or non-motor), the measurement tools and the length 
of follow-up period.
Methodological quality assessment
The Cochrane Collaboration tool [53] was used to assess 
the quality and risk of bias for the RCTs. The modified 
Downs and Black checklist [54] was used to assess the 
quality of non-RCTs. The same two reviewers (YG and RG) 
conducted the quality appraisal of the included studies in-
dependently.
RESULTS
Study selection
The initial search of databases yielded 3187 citations. Af-
ter removing duplicates, 1824 citations remained, and the 
titles and abstracts were screened for eligibility. Screening 
resulted in the removal of 1803 articles because they did not 
meet the inclusion criteria. The full texts of the remaining 
21 articles were screened, excluding a further nine articles. 
The final yield was 12 articles meeting the inclusion criteria 
(figure 1). Hand searching and grey literature searching did 
not yield any additional eligible studies. 

Study characteristics
Methods and design
Of the 12 included studies, four were RCTs [55-58] and 
eight used other designs such as repeated measures and 
cross-over designs [38, 59-65]. The study duration was not 
mentioned in the trial by Clair and O’Konski (2006) [62]. 
For the other trials, the duration of the studies ranged from 
three weeks to six months, except for Wittwer et al. 2013 
[61], which was a one-session study with a repeated mea-
sures design (table 1). Only one study reported a follow-up 
test after treatment [58].
Participants
The total number of participants was 595. All were over 
65 years of age. The included studies involved participants 
of both sexes except for the study by Van de Winckel et 
al. (2004) [56], who only tested females. Alzheimer’s dis-
ease was the most common dementia type, and all levels of 
severity were included (table 1). Co-morbidities were not 
documented, except for the study by Cheung et al. (2016) 
[58] for which participants with symptoms of anxiety were 
selected.
Intervention
Investigations were conducted in different countries. Six 
were from the United States of America, and the others 
were from Australia, Belgium, China, Japan, Taiwan, and 
the United Kingdom (table 1).
The criteria for choosing suitable music centered on the 
rhythm and tempo, as well as participant preferences. Mu-
sic was instrumental or vocal. It included popular music 
genres like wartime music, folk music, blues, country, jazz, 
pop and music from the 1920s-1950s. The types of physical 
exercise included seated exercises, movement in standing, 
flexibility exercises, walking and strengthening. One study 
used other interventions (body awareness and functional 
mobility training) in addition to the music-cued exercises 
[64]. The frequency ranged from daily sessions to once per 
week, and the duration of sessions was 15-40 minutes. The 
music selection criteria and physical exercise components 
are summarized in table 2. 
Outcomes
Four studies measured cognitive, behavioral and other psy-
chological sequelae (56-58, 60). Another four assessed the 
level of exercise participation (38, 59, 63, 65). Three studies 
measured motor outcomes, including gait parameters (61, 
62) and mobility skills (Southampton Assessment of Mo-
bility) (64). One trial measured both motor (e.g., activities 
of daily living) and non-motor outcomes (e.g., cognition 
and behavior) (55). Outcomes summarized in table 3. 
Risk of bias within the studies
Three RCTs showed a moderately high risk of bias [55-57] 
and one had a low risk of bias according to the Cochrane 
criteria [58] (table 4). The overall risk of bias was judged 
according to the relative importance of each domain. The 
RCTs with a high risk of bias had only one domain an-
swered with “no,” however, these domains were critical and 
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affected the overall risk of bias. For example, in the study 
by Sung et al. (2006) [57], the assessment was performed 
by the nursing staff who provided daily care for the partic-
ipants. This prevented blinding of the outcome assessors 
and increased the risk of bias.  For the non-RCTs, the max-
imum score obtained on the modified Downs and Black 
checklist [54] was 15/28. Studies with an overall score of 
less than 50% or ≤ 14 are regarded as a poor quality study 
[66-69]. In the current review, one study scored 15 [60] (ta-
ble 5). 
Key results for individual trials
Some data related to the results of individual trials were 
not reported. For example, the means and standard devia-
tions were not reported in the studies by Cheung et al. 2016 
[58] and Hanson et al. (1996) [65].  Therefore, a qualitative 
summary for each of these is presented in table 3.
Motor effects of music-cued exercise
The three studies investigating the effects of music-cued 
exercises on motor performance were non-RCTs [61, 62, 
64] with comparatively low quality (modified Downs and 
Black scores ranged from 9-14). Two trials measured gait 
variables after performing music-cued, metronome-cued 
and un-cued gait training [61, 62]. The design of one de-
pended on implementing an ambulatory program under 
three conditions (rhythmic music, metronome, and no 
auditory stimulation) interchangeably over nine sessions 
[62]. The other [61] tracked the changes over the very 
short period (one session). Both of these trials reported no 
significant changes associated with music-cued exercises. 
One study measured general mobility using the Southamp-
ton Assessment of Mobility scale [64] and showed signifi-
cant improvement in mobility with music-cued exercises, 
despite participants having severe dementia.
Non-motor effects of music cued exercises
Four trials investigated the effect of music-cued exercise 
on non-motor signs [56-58, 60] and one measured vari-
ous non-motor outcomes in addition to movement disor-
ders [55]. Four were RCTs [55-58], and one was a repeated 
measure experimental design [60]. Three RCTs had high 
levels of bias, and the non-RCT had a score of 15/28 on the 
Downs and Black checklist, indicating fair quality [66-69]. 
Several studies measured cognitive and behavioral changes 
in response to music-cued exercises, compared to control 
groups [56, 57, 60] or other interventions [55, 58]. 
The non-motor results varied widely. For example, in the 
trial by Moore (2010) [60], no significant improvements 
in agitated behavior were seen in response to music-cued 
exercises. In contrast, the study by Sung et al. (2006) [57] 
showed large reductions in agitation with music-cued ex-
ercises, when familiar and preferred music was delivered 
for four weeks. In a trial by Van de Winckel et al. (2004) 
[56], folk songs were used with exercises (e.g., upper and 
lower extremity exercises, strengthening and balance) in 
daily sessions for three months. They showed significant 
improvement in cognition measured by Mini-Mental State 
Examination (MMSE). There was no improvement in be-

havior, including depression, when compared to the con-
trol group. In contrast, Cheung et al. (2016) [58] showed 
improvements in depression in response to movement 
(e.g., batting balloons and waving ribbons) with popular 
and religious music. The studies showed significant im-
provements in cognitive and behavioral functions within 
the music with exercise groups, yet varied in significance 
when compared with other groups. 
Satoh et al. (2017) [55] investigated both motor and 
non-motor signs. It mainly measured non-motor outcomes 
including cognition and behavior using a wide range of 
neuropsychological test batteries. It also considered mo-
tor outcomes associated with the functional independence 
measure (FIM). This trial had the longest session duration 
(40 min) and the longest overall duration (six months) 
among the included studies. The exact music used was not 
reported. The trial did not involve comparison with a con-
trol group, and most of the outcomes showed non-signifi-
cant differences when music-cued movements were com-
pared to cognitive stimulation. Only visuospatial function 
and atrophy in the medial temporal lobes improved in the 
between groups comparison. Improvements in psychomo-
tor speed, increased medial temporal lobe volumes and 
preserved ADL skills were observed for the group that had 
music-cued exercises. 
Level of participation 
In the four trials investigating the level of participation, 
there were large differences in participant characteristics, 
study designs and the duration of music-cued exercises. 
Two used similar types of music (jazz, blues, and folk) [38, 
59]. One used newly composed rhythmic music [63], and 
one did not mention the type of music delivered [65]. Par-
ticipation levels increased in two trials [38, 59]. Clair et al. 
(2005) [63] did not detect improvements in participation 
levels across the three music activity conditions (music 
with movement, the rhythmic playing of music or singing). 
The study by Clair et al. (2005) [63] had short session dura-
tion of 15 minutes, and the frequency was once per week. 
Hanson et al. (1996) [65] investigated exercise type and 
difficulty, and the stage of cognitive functioning on the 
quality of participation, generating a wide range of results. 
Participation levels were assigned to six categories, from 
most to least purposeful. The most purposeful participa-
tion occurred during music-cued movements, mainly for 
high demand tasks. The high demand tasks required more 
expressive or receptive verbal skills, included more active 
involvement and were more complex than those activities 
classified as low demand. 
DISCUSSION 
This systematic review and critical analysis of the litera-
ture showed a small amount of emerging evidence for the 
beneficial effects of music-cued exercises on the motor 
and non-motor disorders in people living with dementia. 
A key finding was that the dosage of exercise and the de-
sign of therapy programs are important determinants of 
the success of music-cued exercises for people with differ-
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ent forms of dementia. Long duration and frequent mu-
sic-cued exercise sessions appear to be most helpful and 
appear to enable some people with dementia to respond 
better to music-cued exercises [29, 70]. 
Most studies selected music with a clear rhythm that 
was matched to exercise tempo. For example, the trial by 
Mathews et al. (2001) [38] used original, instrumental mu-
sic pieces with strong rhythmic beats for each different ex-
ercise to improve physical activity and participation. Other 
studies used music that met the needs and preferences of 
participants. 
The severity of dementia did not always determine the 
success of the intervention. Some studies which includ-
ed participants with mild to moderate dementia showed 
promising results [58] and others did not [63]. Contrary 
to expectations, some of the studies with severely affected 
participants resulted in beneficial effects. For example, the 
study by Pomeroy (1993) [64] showed significant improve-
ments in motor performance despite severe and advanced 
dementia. That study was of 12 weeks duration with three 
classes per week, which was comparatively frequent. The 
inclusion of body awareness training and functional mo-
bility training in addition to music-cued exercise could 
have enhanced the results. The positive findings were not 
solely attributed to exercising with music.
Motor performance was examined in a limited number of 
studies [61, 62, 64]. Two of these showed no positive re-
sults, highlighting the need for more studies investigating 
the effect of music and movement on mobility. Several 
non-motor outcomes responded well to music-cued ex-
ercises [55, 56, 58]. Significant improvements were found 
for some cognitive and behavioral functions (e.g., memory 
and depression) with music-cued exercises [56, 58]. The 
effects of music-cued exercises on agitation were, howev-
er, inconsistent. Sung et al. (2006) [57] showed a reduc-
tion in agitation, whereas the study by Moore (2010) [60] 
reported no change. Both studies used the Cohen Mans-
field Agitation Inventory as an outcome measure, but the 
intervention dosage was slightly higher, and the study de-
sign was stronger in the RCT by Sung et al. (2006) [57]. 
Severe cognitive impairment can sometimes compromise 
the ability of people living with dementia to fully respond 
to music-cued exercises. Two studies assessed global cog-
nitive functions using the MMSE (56, 58) and both showed 
significant improvement in the music-cued exercise group. 
Regarding the level of participation, two investigations 
showed significant improvements [38, 59]. Hanson et al. 

1996 [65] highlighted the need to consider the effects of 
cognitive impairment on the outcome when designing 
movement to music classes. The study by Clair et al. (2005) 
[63] showed no change in participation. This might have 
been associated with the relatively short duration of ses-
sions (5 minutes for exercises to music and 10 minutes for 
singing and instrument playing). 
Some included studies reported the benefits of incorporat-
ing visual cues, such as mimicking the therapist’s move-
ments, to enhance motor performance during music-cued 
exercise classes [56, 65]. Whereas verbal cues require con-
siderable language and cognitive skills which can be im-
paired in dementia [56, 65], the use of visual cues appears 
to facilitate the automatic performance of well-learned 
motor skills [71, 72].
This systematic review had some limitations. More than 
half of the studies did not use a control group. Those that 
did showed significant beneficial effects of music-cued 
exercises [56, 57, 59, 60, 64]. However, the comparatively 
small number of participants and the low quality and high 
risk of bias in many of the studies restrict the generalizabil-
ity of the results to the population of people with dementia 
as a whole. The eligibility criteria were broad and includ-
ed studies of different designs and outcomes. Moreover, 
our review included only articles published in English. It 
is possible that people with dementia from other cultures 
might respond differently to musical cues and exercise 
classes. The absence of effect size measures and lack of ho-
mogeneity of trial design precluded meta-analysis in this 
systematic review. 
Conclusion
The results of this systematic review show a growing body 
of evidence that music-cued exercises may improve some 
motor and non-motor impairments associated with de-
mentia, including mobility, cognition, and level of partic-
ipation. The most effective music appeared to have a clear 
rhythmical beat to which exercises could be synchronized. 
Music that people enjoyed was also important to overcome 
the lack of motivation and increase levels of participation. 
Increasing the frequency and duration of sessions was as-
sociated with better outcomes. Further high-quality stud-
ies are needed with large sample sizes, control groups, long 
duration, follow-up measures as well as evidence-based 
reliable and relevant outcome measurement tools, to cor-
roborate these findings. 
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Table 1 - Characteristics of the included studies

Study Country Type of 
study  

Duration of 
study (weeks)

Age (mean/
range) Sex Sample 

size
Group num-

bers Dementia severity

Cheung et al. 2016 China RCT 6 intervention
6 follow-up 82 M 40      

F 125 165
MM 58                                   
ML 54    
SA 53

Moderate dementia (GDS 
stage 5 or 6)

Clair et al. 2005 USA RMS 8 NR M 7          
F 38 45 One group Mid-stage dementia

Clair & O’Konski 
2006 USA RMS 9 sessions, 

twice/week 70-92 M 4             
F 24 28 One group Late stage dementia

Hanson et al. 1996 USA RMS 12 82 M 10      
F 41 51 One group All stages included

Johnson et al. 
2012 USA COD 6 82 M 4         

F 8 12 IG: NR
CG: NR NR

Mathews et al. 
2001 USA RED 25 85 M 1    

F 17 18 One group MMSE Mean 11

Moore 2010 USA RMS 3 86 M 18        
F 66 84 IG 43

CG 41 Early to late stage dementia

Pomeroy 1993 UK RCOD 12 65-91 NR 16 IC 8   
CG 8 Severe dementia

Satoh et al 2017 Japan RCT 24 87 M 4
F 81 85 ExM 43

CS 42 MMSE 16-26

Sung et al. 2006 Taiwan RCT 4 IG 77      
CG 78

IG: M 11, F 7         
CG: M 15, F 3 36 IG 18  

CG 18 Moderate to severe dementia

Van de Winckel et 
al. 2004 Belgium RCT 12 IG 81 

CG 82 F only 25 IG 15   
CG 10           MMSE < 24/30

Wittwer et al. 2013 Australia RMS 1 80 M 16     
F 14 30 One group

Revised Addenbrooke’s 
Cognitive Examination range, 

26-79

RCT: Randomized controlled Trial. RMS: Repeated Measures Study. COD: Cross-Over Design. RED: Reversal Exper-
imental Design. RCOD: Repeated Cross-Over Design. M: Male. F: Female. MM: Music with movement. ML: Music 
listening. SA: Social activity. NR: Not reported. IG: Intervention group. CG: Control group. MMSE: Mini mental state 
examination. ExM: Physical exercise with music. CS: Cognitive stimulation. GDS: Global Deterioration Scale. RCT: 
Randomized Controlled Trial. RMS: Repeated Measures Study. RED: Reversal Experimental Design. COD: Cross-Over 
Design. RCOD: Randomized Cross-Over Design.

Table 2 - Intervention characteristics

Study Type of music Music selection 
criteria Type of exercise Exercise design Co-interven-

tions

Number & 
duration of 

sessions

Cheung et al. 
2016

Popular music 
from earlier in 
life.

Participant selected. Movement to music using 
props such as balloons, 
ribbons, balls. Rhythmical 
tapping of the feet and mirror-
ing movements shown by the 
teacher.

Introductory 5 min song, 20 
min music-cued movements 
and 5 min song to end the 
session.

None 12 sessions 
(twice/week, 
30 min.

Clair et al. 
2005

Individually 
composed piano 
music.

Movements are 
rhythmic to music 
cues.

Activities to improve range of 
movement, movement quality 
and rhythm such as tapping 
the feet to music, moving up-
per and lower limb joints and 
rowing actions.

5 min moving in time to 
rhythmical movement, using 
instruments. 5 min mu-
sic-cued flexibility and motor 
actions. 5 min songs.

None 8 sessions 
(once/ 
week), 15 
min.

Clair & 
O’Konski 2006

Music with 
strong regular 
rhythm.

Participant prefer-
ence. Music cues 
matched to partici-
pant gait.

Gait rehabilitation. Locomotion in time to 
rhythmical music, beats from 
metronomes, or no music. 
Each participant performed 
every condition.

None 9 sessions 
(twice/week, 
duration NR.
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Study Type of music Music selection 
criteria Type of exercise Exercise design Co-interven-

tions

Number & 
duration of 

sessions

Hanson et al. 
1996

NR NR Three therapies (movement, 
rhythm
& singing) with two levels of 
difficulty. Music-cued move-
ments, in sitting, using arms, 
legs and trunk.

5 min introduction, 20 min 
therapy and 5 min cool 
down. 12 interventions with 
24 music therapy elements. 
Elements adapted at regular 
intervals.

None 24 sessions 
(twice/week, 
30 min. 

Johnson et al. 
2012

Age appropriate 
music, such as 
jazz, blues and 
folk style.

Music varies from 
moderate to fast, 
with a strong beat.

Movement to music in sitting. 
Mainly arm and leg move-
ments.

20 min music session with 
rests between songs.

None 6 sessions 
(once/week), 
30 min.

Mathews et al. 
2001

Pre-recorded 
country, western, 
polka, folk, jazz 
and blues.

Strong, audible 
and rhythmic 
beat matched to 
movement speed. 
Different music for 
each exercise.

14 exercises in sitting, mainly 
for strength and flexibility.

First 4 sessions: exercises with 
no music. Next 10 sessions: 
exercises to music. Next 3: ex-
ercises with no music. Lastly 
6: exercises to music.

None 25 sessions 
(once/ 
week), 22 
min.

Moore 2010 12 musical pieces 
from the 1920’s 
and 1950’s. 

Familiar music. Exercises in sitting designed 
to match musical selections. 
Upper and lower limb actions 
and trunk movements in time 
to music, sometimes with balls.

NR None 6 sessions 
(twice/week, 
25 min.

Pomeroy 1993 NR NR Body movements and actions 
match rhythmical musical 
selections. Some activities in 
sitting and others standing 
with help if required.

NR Body aware-
ness training. 
Individual 
focus on daily 
motor tasks.

36 sessions 
(thrice/week, 
30 min.

Satoh et al 
2017

NR NR Activities in sitting. Arms, legs, 
hands with rhythmical actions 
such as clapping. Singing. 

NR None 24 sessions 
(once/week), 
40 min.

Sung et al. 
2006

Familiar music 
selected by par-
ticipants.

“Pleasant moderate” 
rhythm and tempo.

Moving in time to the music 
within individual capabilities.

NR None 8 sessions 
(twice/week, 
30 min.

Van de Winck-
el et al. 2004

Folklore and 
accordion songs.

Music matched to 
age.

Strength training for upper 
and lower limbs. Core, pos-
tural stability and flexibility 
exercises.

NR None Daily 
sessions, 30 
min.

Wittwer et al. 
2013

Music selected by 
participant.

Classical music with 
a strong, regular beat 
matching cadence to 
walking tempo.

Gait trials in laboratory setting. 4 ambulation sequences 
with music cue (matched to 
cadence). 4 with metronome 
cues (matched to cadence). 4 
un-cued gait trials.

None Individual 
session.

Table 3 - Summary of outcome measures and results

Study Outcome 
Type

Outcomes 
measured Measurement tools Results Conclusions 

MM ML SA Among 
groupsPost F/U post F/U post F/U

Cheung 
et al. 
2016

Non-mo-
tor

Global cognitive 
function
Anxiety 
Short-term 
memory 
Verbal fluency
Depression
Attention       

MMSE                                -  - - - - 	No difference be-
tween groups.

	Improvement in 
memory, global cog-
nition and anxiety in 
music to movement 
group.

	Decline in effects at 
follow-up.

	MM sometimes 
improved cognition 
in dementia.

FOME total storage                   -  - - -

FOME delayed memory         - - - -

DST forward                            - - - - - - -

DST backward                         - - - - - - -

MVFT                                         - - - - - -

RAID                                               -  -

GDS   - - - - -

Rhythmic 
playing of 
music

Movement
with music

Singing  mong 
activi-
ties

Clair et 
al. 
2005

Non-mo-
tor

Level of partici-
pation

4-point participation scale - - - - 	Overall status un-
changed.

	Little change in 
participation for the 
three music activities.
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Study Outcome 
Type

Outcomes 
measured Measurement tools Results Conclusions 

No stimulus Music Metronome Among 
condi-
tions

Clair & 
O’Konski 
2006

Motor Gait Cadence 
Speed 
Stride length

NR
NR
NR

NR
NR
NR

NR
NR
NR

-
-
-

	No differences be-
tween interventions.

	Participants needed 
less assistance during 
Rhythmic Auditory 
Stimulation.

 
Task demand Movement vs 

singing
Movement 
vs. 
rhythm

Among 
activi-
ties

Hanson 
et al. 
1996

Non-mo-
tor

Quality of partic-
ipation

Six categories of response: 
(a) High response on-task
(b) Low response on-task
(c) Passive response
(d) Passive disruption 
off-task
(e) Active disruption off-
task
(f) Out of room

Low demand 
task

HC:     -
MC:    -
LC:      -

HC:     -
MC:    -
LC:      -

-
-
-

	Purposeful partic-
ipation occurred 
during music-cued 
movements.

	Rhythm and singing 
had less purpose-
ful participation 
especially for high 
demand tasks.

High demand 
task

HC:     
MC:    
LC:      

HC:     
MC:     -
LC:       -

-
 
-

Intervention Control Between conditions

Johnson 
et al. 
2012

Non-mo-
tor

Level of partici-
pation

Session times were 
segmented to intervals of 
30 seconds. Scored 1 for 
correct exercise participa-
tion. Scored zero for no 
participation.

NR NR  	Participation was 
greater during exer-
cise to music.

Intervention Control Between conditions

Mathews 
et al. 
2001

Non-mo-
tor

Percentage 
exercise engage-
ment

Participants monitored 
for periods of 30 seconds 
regarding exercise engage-
ment; then scored a plus or 
minus for each observation.

NR NR  	Engagement im-
proved during mu-
sic-cued exercises.

Intervention Control Between conditions

Moore 
2010

Non-mo-
tor

Apathy 
Agitation 
Eating ability 
Dietary intake

FrSBe 
Modified CMAI 
FIM (eating)
Food and fluids/meal (%)

NR
NR
NR
NR

NR
NR
NR
NR


-
-


	Movement to music 
improved apathy and 
food eaten. Agitation 
unchanged.
	Movement to music 

had benefits.

Intervention Control Between conditions

Pomeroy 
1993

Motor Mobility skills Southampton Assessment
of Mobility scale

NR NR  	Gains in mobility in 
response to therapy. 

Intervention Control group Between groups

Sung et 
al. 
2006

Non-mo-
tor

Agitation Modified CMA NR NR  	Agitated behaviour 
reduced in therapy 
group.
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Study Outcome 
Type

Outcomes 
measured Measurement tools Results Conclusions 

Satoh 
et al 
2017

Motor 
and 
non-mo-
tor

Activities of daily 
living 
Cognition 
Behaviour
Medial temporal 
lobe atrophy

MMSE - - - 	Movement to music 
and cognitive stim-
ulation associated 
with improved visuo-
spatial function. 
	Psychomotor speed 

increased in music 
with exercise group.

	Memory enhanced 
for cognitive stimula-
tion group.

	Activities of daily 
living maintained for 
exercise with music 
group but declined in 
cognitive stimulation 
group.

	Atrophy of medial 
temporal lobes pro-
gressed in cognitive 
stimulation group.

RCPM score - - -

RCPM time  - -

LM-I -  -

LM-II - - -

Cube   

WF (animal) - - -

WF (letter) - - -

TMT-A  - -

FIM (total) - × -

FIM (motor) - - -

FIM (cognition) - × -

Behave-AD - - -

VSRAD - - 

Intervention Control Between groups

Van de 
Winckel 
et al. 
2004

Non-mo-
tor

Cognition and 
Behaviour

MMSE                                                                      
ADS6:

Picture recognition



-

-

-

NR

NR

	Cognitive impair-
ment improved more 
in experimental 
group. 
	Improvement in 

category fluency.
	No change on the 

BOP behaviour scale.

Orientation in time/space - - NR

Drawing alternating 
sequence

- - NR

Category fluency  - NR

Copying figures - - NR

Free recall  - - NR

BOP scale:
Need for help -  NR

Aggression - - NR

Physical dysfunction - - NR

Depressed behaviour - - NR

Mental invalidity - - NR

   Inactivity - - NR

                        Between conditions (uncued-music-metronome)

	Rhythmic auditory 
cueing at comfort-
able speed did not 
improve walking.
	Deterioration in 

walking in dual task 
conditions was asso-
ciated with impaired 
executive function.

Wittwer 
et al. 
2013

Motor Gait (GAITRite) Velocity  
Stride length                 
Swing time                     
Stride time                     
Stride width                
Double support % 
Cadence                         
Stride length variability % 
Stride time variability %   
Swing time variability %

      ×
      ×
      -
      -  
      -
      -
      -
      -
      -
      -

(): Improvement. (-): No effect. (×): Worse. MMSE: Mini Mental State Examination. FOME: Fuld Object Memory 
Evaluation. DST: Digit Span Test. MVFT: Modified Fuld Verbal Fluency Test. RAID:  Rating Anxiety in Dementia. GDS: 
Geriatric Depression Scale. F/U: Follow-Up.  HC: high cognition. MC: medium cognition. LC: low cognition. NR: Not 
Reported. FrSBe: Modified apathy subscale of the Frontal Systems Behaviour Scale. CMAI: Cohen-Mansfield Agita-
tion Inventory. FIM: Functional Independence Measure. ExM: Physical exercise with music. CS: Cognitive stimulation. 
RCPM: Japanese Raven’s Colored Progressive Matrices. LM: logical memory. WF: word fluency. TMT: Trail-Making Test. 
AD: Alzheimer's disease. VSRAD: Voxel-based specific regional analysis system for Alzheimer’s disease. ADS-6: Amster-
dam Dementia Screening Test 6. BOP: Beoordelingsschaal voor Oudere PatieÈnten/Evaluation Scale for Elderly Patients.  

Results
ExM CS Between Groups
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Table 4 - Cochrane risk of bias tool results

Study Sequence 
generation

Allocation 
concealment

Blinding of partici-
pants and personnel

Blinding of out-
come assessors

Incomplete 
outcome data

Selective out-
come reporting

Other sourc-
es of bias Quality

Cheung et al. 
2016 Yes Unclear Unclear Yes Yes Yes Yes Low Risk 

of Bias

Satoh et al. 
2017 No Unclear Unclear No No Yes No High Risk 

of Bias

Sung et al. 
2006 Yes Yes Unclear No Yes Yes Unclear High Risk 

of Bias

Van de 
Winckel et al. 

2004
Yes Unclear Unclear No Yes Yes Unclear High Risk 

of Bias

Table 5 - Downs and Black checklist scores for non-RCTs studies.

Study           
Reporting External validity Internal validity-bias Internal validity - confounding (selection bias) Pow-

er To-
tal

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Clair et al. 
2005 Yes Yes No Yes No No No No No Yes Yes UTD Yes No UTD UTD UTD No UTD No No UTD UTD No No UTD UTD 6

Clair & 
O’Konski 
2006

Yes Yes Yes Yes No Yes Yes No No Yes Yes UTD No No UTD UTD UTD Yes UTD No UTD UTD No No No UTD UTD 9

Hanson et 
al. 1996 Yes Yes No Yes Yes Yes No No Yes Yes Yes UTD UTD N Yes UTD UTD Yes Yes UTD No UTD UTD No Yes UTD UTD 13

Johnson 
et al. 
2012

Yes Yes No Yes No Yes No No No Yes Yes UTD Yes UTD Yes UTD UTD Yes UTD UTD Yes UTD Yes No No UTD UTD 11

Mathews 
et al. 
2001

No Yes No Yes No No No No No Yes No UTD Yes No No Yes UTD No No No Yes UTD UTD No No Yes UTD 7

Moore 
2010 Yes Yes Yes Yes No Yes Yes No No Yes Yes UTD Yes UTD Yes UTD UTD Yes No Yes No UTD Yes UTD Yes UTD Yes 15

Pomeroy 
1993 Yes Yes Yes Yes No Yes No No No Yes UTD UTD UTD UTD Yes UTD UTD Yes No Yes UTD UTD Yes UTD Yes UTD UTD 11

Wittwer 
et al. 
2013

Yes Yes Yes Yes P Yes Yes No No Yes UTD Yes UTD No UTD UTD UTD Yes Yes Yes UTD UTD UTD No Yes UTD Yes 14

UTD: Unable to determine. P: Partial.
Figure 1 - PRISMA flow diagram showing the flow of information for the review
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Appendix 1. Searching strategy: MEDLINE (OVID)

1. exp Dementia/ or exp Alzheimer Disease/

2. limit 1 to english language

3. (Alzheimer* or Dementia).mp. [mp=title, abstract, original title, name of substance word, subject heading 
word, keyword heading word, protocol supplementary concept word, rare disease supplementary concept 
word, unique identifier, synonyms]

4. limit 3 to english language

5. 2 or 4

6. (music* or auditory or rhythm* or acoustic).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary concept word, rare disease supple-
mentary concept word, unique identifier, synonyms]

7. limit 6 to english language

8. (exercise* or cue* or training or move* or mobility).mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol supplementary concept word, rare disease sup-
plementary concept word, unique identifier, synonyms]

9. limit 8 to english language

10.  6 and 8

11. 5 and 10


