
 http://nnr.sagepub.com/
Repair

Neurorehabilitation and Neural

 http://nnr.sagepub.com/content/27/8/684
The online version of this article can be found at:

 
DOI: 10.1177/1545968313491001

 2013 27: 684 originally published online 10 June 2013Neurorehabil Neural Repair
Tze-Hsuan Wang, Yi-Chun Peng, Yu-Ling Chen, Tung-Wu Lu, Hua-Fang Liao, Pei-Fang Tang and Jeng-Yi Shieh

for Children With Cerebral Palsy: A Randomized Controlled Trial
A Home-Based Program Using Patterned Sensory Enhancement Improves Resistance Exercise Effects

 
 

Published by:

 http://www.sagepublications.com

On behalf of:
 

 
 American Society of Neurorehabilitation

 can be found at:Neurorehabilitation and Neural RepairAdditional services and information for 
 
 
 

 
 http://nnr.sagepub.com/cgi/alertsEmail Alerts: 

 

 http://nnr.sagepub.com/subscriptionsSubscriptions:  

 http://www.sagepub.com/journalsReprints.navReprints: 
 

 http://www.sagepub.com/journalsPermissions.navPermissions: 
 

 What is This?
 

- Jun 10, 2013OnlineFirst Version of Record 
 

- Sep 18, 2013Version of Record >> 

 at Chang Gung University on December 4, 2014nnr.sagepub.comDownloaded from  at Chang Gung University on December 4, 2014nnr.sagepub.comDownloaded from 

http://nnr.sagepub.com/
http://nnr.sagepub.com/content/27/8/684
http://www.sagepublications.com
http://www.asnr.com/
http://nnr.sagepub.com/cgi/alerts
http://nnr.sagepub.com/subscriptions
http://www.sagepub.com/journalsReprints.nav
http://www.sagepub.com/journalsPermissions.nav
http://nnr.sagepub.com/content/27/8/684.full.pdf
http://nnr.sagepub.com/content/early/2013/06/10/1545968313491001.full.pdf
http://online.sagepub.com/site/sphelp/vorhelp.xhtml
http://nnr.sagepub.com/
http://nnr.sagepub.com/


Neurorehabilitation and
Neural Repair
27(8) 684 –694
© The Author(s) 2013
Reprints and permissions: 
sagepub.com/journalsPermissions.nav
DOI: 10.1177/1545968313491001
nnr.sagepub.com

Clinical Research Article

Introduction

Cerebral palsy (CP) describes a group of permanent disor-
ders of the development of movement and posture.1 
Children with CP usually have muscle weakness,2 poor 
motor control,3 and restricted daily function.4 Studies have 
shown that children with spastic CP might benefit from 
task-specific and functional resistance exercise,5,6 such as 
carrying loads during sit-to-stand (STS). However, one sys-
tematic review found little evidence to support the effects of 
resistance exercise.7 The poor motor control of this popula-
tion may limit the training effects of resistance exercise.8

Music has potential to elicit motor responses and make 
exercise more enjoyable.9 Previous studies found that music 
could increase motivation and adherence to exercise.10-12 In 

addition, as timing plays a fundamental role in the execu-
tion of a movement, external timing constraint, such as 
musical rhythm, could induce coupling that decreases the 
spatial and temporal variability of a movement.13 Other 
studies showed that brain areas processing melody, rhythm, 
and meter had a rich connectivity with motor areas,14-16 and 
the auditory rhythmic entrainment of muscle activation 
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Abstract
Background. Neurologic music therapy has demonstrated improved walking performance in persons with neurologic disease; 
however, little evidence supports the use of music with functional resistance exercise to improve motor capacity and daily 
functions for children with cerebral palsy. Objective. To investigate the effect of additional patterned sensory enhancement 
(PSE) music combined with exercise for children with spastic diplegia. Methods. An assessor-blind, randomized controlled 
trial with 6- and 12-week follow-ups was carried out. Thirty-six children with spastic diplegia, aged 5 to 13 years, were 
assigned to a PSE group (n = 18) or a no-music group (n = 18). Both groups received 6-week, home-based, loaded sit-to-
stand exercise, but only the PSE group exercised with prerecorded PSE music. The primary outcome was Gross Motor 
Function Measure (GMFM). Secondary outcomes included Pediatric Evaluation of Disability Inventory (PEDI) mobility and 
self-care domains, 1-repetition maximum of sit-to-stand, and walking speeds. Results. Three children did not complete 
the program. Intention-to-treat analysis showed both groups improved in GMFM D, E, and Goal dimensions; Functional 
Skills Scales of PEDI mobility domain; and 1-repetition maximum of sit-to-stand at posttest and follow-ups (P ≤ .005). The 
PSE group improved significantly greater than the no-music group in the GMFM D and Goal dimensions (P < .005) after 
training, and the improvement persisted for at least 6 or 12 weeks (P ≤ .013). No significant improvements in the rest PEDI 
scales and walking speeds were found. Conclusions. Adding neurologic music therapy to functional resistance exercise could 
induce greater improvements in gross motor capacity for children with cerebral palsy.
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resulted from priming of the auditory-motor pathways.17-19 
This auditory-motor facilitation is the neurophysiological 
basis for neurologic music therapy that uses music as an 
auditory cue to enhance functional movements.13,20 
Patterned sensory enhancement (PSE) is one of the neuro-
logical music therapy techniques that uses all musical ele-
ments, including rhythm, pitch, and dynamics, that structure 
and regulate movement patterns in time, space, and force 
dimensions to facilitate movement execution.21 A prelimi-
nary study examined the immediate effects of PSE music to 
guide the loaded STS exercise for children with spastic CP 
and found shorter movement time, better movement con-
trol, and greater extension power compared with the no-
music control condition.22 With evidence that PSE facilitates 
immediate outcomes, a study to determine the training 
effect of PSE music on physical outcomes with children CP 
is warranted.

The purpose of this study was to investigate the effects 
of a 6-week, home-based PSE music-trained loaded STS 
exercise program on gross motor capacity, functional 
strength, daily mobility and self-care functions, and walk-
ing speed for children with spastic diplegia.

Methods

Design

This was a prospective, assessor-blind, stratified, and ran-
domized study. Children were assigned to either experimen-
tal (exercise with PSE music) or control (exercise with no 
music) group. Apart from their usual care, both groups 
received the same 6-week loaded STS exercise, except 
PSE-group children exercised with music. Parents were 
informed of the 2 possible allocations. The study was 
approved by the institutional human ethics review commit-
tee and was registered at ClinicalTrials.gov (NCT01367327).

Participants

Participants were recruited by referral from hospitals or 
advertising through a local CP association from November 
2008 to July 2011. Written consents were obtained from 
their parents. The inclusion criteria were the following: (a) 
children with spastic diplegia, aged 5-13 years; (b) Gross 
Motor Function Classification System (GMFCS)23 I-III; (c) 
able to stand up independently without falling; (d) able to 
follow verbal instructions and cooperate during the study; 
and (e) parental commitment to supervise the training pro-
gram without altering current therapy or activities. The 
exclusion criteria were children who had (a) orthopedic sur-
gery within 6 months; (b) uncontrolled seizure, severe joint 
contracture, cardiopulmonary disease, or other conditions 
preventing them from doing resistance exercise; and (c) 
hearing loss.

Randomization and Allocation Concealment

Participants were stratified by their age (5.0-8.5 years and 
8.6-13.0 years) and gross motor function (GMFCS I-II and 
III) with a block size of 4. Randomization was executed 
after baseline assessment by drawing a sealed, opaque 
envelope containing assignment by a person who was not 
clinically involved in, and therefore blinded to, this study.

Intervention

Participants of both groups performed the loaded STS exer-
cise at home for 6 weeks, 3 times per week under the super-
vision of their caregivers. The caregivers helped children 
schedule the exercise, put on the weighted body vest, and 
accompany them during the exercise. The exercise was 
introduced by the primary investigator during the first home 
visit. A chair, a rope at child body height, a body vest, and 
weights were prepared. The height of the chair was same as 
that used in the loaded STS test. The exercise regime was 
similar to that described by Liao et al.6 In brief, each train-
ing session began with a 10-minute gentle muscle stretch-
ing and dynamic warm-up. The loaded STS exercise 
contained 3 sets: the first and third sets used load at 20% 
1-repetition maximum (1-RM) of STS for 10 repetitions, 
while the second set used 50% of 1-RM and repeated until 
the child became fatigued. The session ended with a cool-
down stretching. An exercise log was provided to the care-
giver to record the date, number of repetitions for the 
exercise, duration of the exercise period, and any adverse 
events that occurred during or after the exercise, for exam-
ple, soreness. Every 2 weeks, the 1-RM of STS was reas-
sessed by the primary investigator during home visits. The 
training load was progressed accordingly, and 1 exercise 
session was performed under the supervision of the primary 
investigator. Telephone calls were made every week to par-
ents to ensure exercise adherence.

To prescribe the PSE music, PSE-group children per-
formed 6 repetitions of the loaded STS exercise at 50% 
1-RM during the baseline assessment and the biweekly 
reassessments after their 1-RM of STS were determined. 
Sagittal plane movements were recorded by a digital video 
camera (DCR-TRV6; Sony, Tokyo, Japan) from the right 
side and analyzed by therapists to prescribe individualized 
PSE music for the PSE group. The fastest 3 STS move-
ments were selected as references for prescribing the PSE 
music. All PSE music samples were composed by a music 
therapist using an electronic keyboard and GarageBand 
software on a Mac (Apple Inc, Cupertino, CA) following 
principles described previously.22

The concept of PSE is to translate movement patterns 
into sound patterns in order to give the spatial, temporal, 
and force cueing. Pitch variation such as ascending and 
descending melodic lines can indicate the directions and 
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cue the range of motion. Tempo, meter, and rhythmic pat-
terns can reflect the speed and timing of a movement. 
Changes in loudness and harmony can prime appropriate 
strength of muscle activation. The musical elements are 
integrated to create an anticipatory sound pattern to cue the 
execution of movement.21 The process in which the PSE 
music was composed to address the parameters of the STS 
exercise is described in the appendix.

The PSE music in this study was prerecorded for the par-
ticipants to practice exercise at home. The music therapist 
prerecorded several PSE music templates of different 
meters and various tempi that were adjusted using the Cool 
Edit 2000 software (Syntrillium Software Corp, Scottsdale, 
AZ). After assessment, specific PSE recording, duration of 
about 20 to 25 minutes, was individually selected from the 
music templates according to individual movement patterns 
and speed and provided to each participant. A sample of 
PSE music composition is presented in Figure 1.

Every 2 weeks, the music therapist adjusted tempo, 
meter, and other music elements for each participant accord-
ing to the reassessment results and the individual needs. For 
example, for children who had difficulties in maintaining 
balance after standing (more likely to step forward and lose 
balance), an additional musical measure of sustained chords 
was inserted between phase 2 and the sit-down phase to 
support standing still. For children who could not sit down 
with control, a descending scale composed of longer notes 
in a broader register with decreased loudness was used to 
facilitate them to sit down slowly. During the home exer-
cise, children were reminded to wait for the next musical 
cues to stand up if they mismatched the rhythm. Since PSE 
music provides cueing of the movement period, that is, 
music cueing causes the frequency entrainment of the entire 
duration of the movement to the rhythmic interval,13 the 
caregivers were asked not to provide any cue to inform the 

children when to stand up, or ask the children to match the 
rhythmic beats. The caregivers were also not necessary to 
play the PSE music on occasions other than exercise 
because children’s movement performances might not ben-
efit from additional music exposure.

Outcome Measures

Outcome measures were taken at baseline (T0), after 6 
weeks of training (T1), at 6 weeks (T2), and at 12 weeks 
following the end of the training (T3). All assessments were 
performed by 4 trained physical therapists who were blinded 
to the treatment allocation. Each child was assessed by the 
same tester throughout the study.

The primary outcome was gross motor capacity mea-
sured by the Gross Motor Function Measure (GMFM) 
Dimensions D (13 items) and E (24 items).24 The dimen-
sions were chosen because they measured motor function in 
standing, walking, running, and jumping, which are com-
mon goal activities for children with spastic diplegia. 
Percentage scores of dimensions D and E were averaged to 
yield a Goal dimension score.

The secondary outcome measures included daily mobil-
ity and self-care functions, functional strength, and walking 
speed. The daily mobility and self-care functions were mea-
sured using the Chinese version of Pediatric Evaluation of 
Disability Inventory (PEDI)25 through a structured inter-
view with the main caregiver. The PEDI is appropriate to 
assess children with disabilities whose functional abilities 
are below 7.5-year-old level26 and demonstrated good reli-
ability, validity, and little ceiling effect.27 The Functional 
Skills Scale of PEDI assesses capability by scoring whether 
the target activities can be performed or not in most situa-
tions on a binary scale. The Caregiver Assistance Scale 
measures performance in daily life by rating the degree or 

Figure 1. A piece of patterned sensory enhancement music sample.
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amount of physical assistance required on a scale of 0 (total 
assistance required) to 5 (independent). The raw scores 
were converted into scaled scores ranging from 0 to 100.26

The 1-repetition maximum (1-RM) load of the loaded 
STS test was used to represent functional strength of lower 
extremities.6 The test asked children to stand up from a 
chair with loads carried in a body-fitted vest and arms 
crossed. The chair height was set the same as the lower leg 
length (from floor to the popliteal fossa) for children with 
GMFCS I and II and was adjusted to 120% of lower leg 
length to make the task easier for children with GMFCS 
III. The 1-RM of STS is the maximal load that a child is 
able to carry in 1 STS movement.28 Walking speed was 
measured by the 10-meter walking test.6 Time taken to 
walk a 10-meter distance at the usual speed with walking 
aids or orthoses was assessed 3 times and an average speed 
was calculated.6

Sample Size Calculation

The sample size calculation was based on an effect size of 
1.0 drawn from a study that investigated the effect of exer-
cises with music program on 1-leg balance in the elderly.29 
With a power of 80%, a 2-sided 5% significance level, and 
a 10% attrition rate, 18 participants were needed in each 
group.

Statistical Analysis

Data analysis was carried out using SPSS 13.0. Shapiro–
Wilks tests were used for all continuous variables. Baseline 
characteristics were compared between groups using inde-
pendent t tests, χ2 tests, or Mann–Whitney U tests. For all 
outcome measures, intention-to-treat analysis was per-
formed using the last observation carried forward method to 
account for missing data. The analysis of covariance 
(ANCOVA) was used to assess the treatment effects 
between groups. Baseline measurement, number of sessions 
completed, and number of loaded STS repetitions com-
pleted were tested as covariates by regression. Alpha was 
set at .05, and the 95% confidence interval (CI) for the mean 
adjusted difference between the groups was calculated. If a 
significant difference was detected, post hoc tests with 
Bonferroni adjustment were conducted, so only P values 
less than .017 were considered statistically significant. The 
effect size was calculated as f value using the following 
formula:

f = SSb SSe/ ,      

where SSb is the interaction sum of squares from the 
ANCOVA summary table and SSe is the within-subjects 
error sum of squares. Criteria for judging the estimated 
effect size were as follows: a large effect size was .40 or 

more, a medium effect size was .25 to .39, and a small effect 
size was .10 to .24.30

Results

The participant flow chart is presented in Figure 2. In 
total, 44 children were screened for eligibility, and 8 chil-
dren were excluded for various reasons. As a result, 36 
children were included and evenly assigned to the PSE 
group and the no-music group. Three children withdrew 
during the training period, leaving 17 children in the PSE 
group and 16 children in the no-music group who had 
completed the 12-week follow-up. No significant differ-
ences of baseline characteristics between the 2 groups 
were detected (Table 1).

Primary Outcomes

Table 2 shows the observed and adjusted GMFM score 
means at 4 time points. For both groups, significant main 
time effects of GMFM scores were found from T0 to T1, T0 
to T2, and T0 to T3 in Dimension D (F = 8.9-32.2, P ≤ 
.005), E (F = 6.4-16.4, P ≤ .016), and Goal dimension (F = 
12.7-28.3, P ≤ .001). Additionally, significant group by 
time interactions were found in Dimension D at T1 (P = 
.004, mean adjusted difference = 3.6) and T2 (P = .004, 
mean adjusted difference = 3.8) with greater improvements 
in the PSE group than in the no-music group. However, the 
music effects did not maintain at T3 (P = .06). For the Goal 
score, significant interactions were found at T1 (P < .001), 
T2 (P = .004), and T3 (P = .013). There was no significant 
interaction in the Dimension E (P ≥ .04).

Secondary Outcomes

Table 3 shows that the scores of Functional Skills Scale of 
PEDI mobility domain increased in both groups from T0 to 
T1, T0 to T2, and T0 to T3, resulting in significant main 
effects of time (F = 9.4-12.6, P = .001-.004). However, 
there was no significant interaction (P = .04-.12). The 
Caregiver Assistance Scale of PEDI mobility domain did 
not improve significantly in both groups. For the self-care 
domain, the Functional Skills Scale improved in both 
groups from T0 to T2 and T0 to T3 (F = 9.5-13.0, P = .001-
.004), but not from T0 to T1 (P = .04). The Caregiver 
Assistance Scale showed no significant main effects of 
time. However, significant interaction effect from T0 to T3 
(P = .005, mean adjusted difference = −6.6) with greater 
improvements in the no-music group was found.

As shown in Table 4, values of 1-RM of STS increased 
in both groups, resulting in significant main effect of time at 
all time points (F = 11.3-15.6, P ≤ .002), but no interaction 
was found (P = .06-.15). Two PSE-group children did not 
have 10-meter-walk data. Results of 2 × 4 ANCOVA from 
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the rest of the participants showed a significant main effect 
of time (P = .02). However, post hoc analysis did not find 
any significant main effects of time in both groups (P = 
.02-.05).

Compliance and Adverse Events

Although the majority of participants followed the training 
protocol, 3 PSE-group children and 2 no-music-group chil-
dren had discontinued the exercise for 1 week and allowed 
an 1-week extension before T1 assessment because of vaca-
tion (n = 2), influenza illness (n = 1), ankle sprain unrelated 

to the exercise regimen (n = 1), and school final examina-
tion (n = 1). According to the exercise log during the train-
ing period, PSE-group children completed an average of 
17.8 sessions (range = 14-21) and 25.2 min/session (SD = 
10.1 minutes) with median repetitions performed under 
50% of 1-RM STS load of 73 (interquartile range = 45-84). 
The mean exercise load increased from 6.1 to 7.6 to 8.8 kg 
(range = 1-14 kg) every 2 weeks. Children in the no-music 
group completed an average of 17.7 sessions (range = 
10-22) and 26.9 min/session (SD = 7.2 minutes) with 
median repetitions of 60 (interquartile range = 45-78) and 
mean load from 5.7 to 6.4 to 7.0 kg (range = 1-12.75 kg).

E
nrollm

ent
A

llocation
P

ost-test
F

ollow
 up

A
nalysis

Assessed for eligibility
n=44

PSE Group
Assigned to receive loaded STS exercise

with PSE music
n=18

No Music Group
Assigned to receive loaded STS exercise

without music
n=18

Assessed at baseline (T0)
and randomized

n=36

Excluded

Inclusion criteria not met: n=3

Could not stand up independently (n=2)

Could not follow command (n=1)

Declined participation due to time constraints: n=5

Completed training and post-training
(T1) assessment
n=16, ITT=18

Included in analysis
ITT=18

Withdrew: n=2

Participated in an intensive
rehabilitation program (n=1)
Discontinued training due to
severe fever (n=1)

Withdrew: n=1

Parents unable to supervise
exercise (n=1)

Completed training and post-training
(T1) assessment
n=17, ITT=18

Completed 6-week (T2) follow-up
n=17, ITT=18

Completed 12-week (T3) follow-up
n=17, ITT=18

Included in analysis
ITT=18

Completed 6-week (T2) follow-up
n=16, ITT=18

Completed 12-week (T3) follow-up
n=16, ITT=18

Figure 2. Flow diagram of participants through study.
Abbreviations: STS, sit-to-stand; PSE, patterned sensory enhancement; ITT, intention to treat.
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During the training period, 2 PSE-group children 
reported mild bruises on anterior thigh resulting from 
load weight hitting the thigh while sitting down. 
Modification by adding extra cushions under the weight 
and encouraging the children to sit down with control pre-
vented further discomfort. One no-music-group child 
reported right knee pain at week 5 and was instructed to 
lessen training weight to the previous level. Seven PSE-
group children (41%) and 8 no-music-group children 
(50%) had reported mild soreness occasionally over 
thigh, shoulder, and back. Most soreness disappeared 
within a few hours after ceasing exercise. Soreness in a 
few subjects dissipated after 3 to 5 days.

Discussion

This is the first randomized controlled trial investigating the 
combination effects of PSE music and resistance exercise 
for children with spastic diplegia. The results suggest that 
after training, children who exercised with PSE music had 
statistically significant improvements in gross motor capac-
ity than those without music, and such effects could last at 
least 3 months; however, the PSE music did not achieve 
statistically significant improvements in participants’ daily 
functioning, strength, and walking speed.

Disturbed motor ability is a common challenge for chil-
dren CP.1 Most motor activities, such as standing up from a 

Table 1. Baseline Characteristics.a

Characteristic PSE Group (n = 18) No-Music Group (n = 18) P

Age (years)b 9.00 ± 1.99 8.98 ± 2.61 .98
Gender, n (%)c .25
 Male 12 (67) 15 (83)  
 Female 6 (33) 3 (17)  
Height (cm)b 125.8 ± 12.0 124.2 ± 13.2 .70
Weight (kg)d 24.5 (19.9-35.5) 21.7 (19.2-33.3) .44
GMFCS level, n (%)c .89
 I 9 (50) 9 (50)  
 II 4 (22) 3 (17)  
 III 5 (28) 6 (33)  

Abbreviation: GMFCS, Gross Motor Function Classification System.
aValues are mean ± standard deviation or median (interquartile range) unless specified.
bIndependent t test.
cChi-square test.
dMann–Whitney U test.

Table 2. Observed and Adjusted Means for Gross Motor Outcome Measures.

PSE Group No-Music Group

Outcome Measure T
Observed, 
Mean ± SD

Adjusted, 
Mean ± SE

Observed, 
Mean ± SD

Adjusted, 
Mean ± SE

Mean Adjusted 
Difference (95% CI)

Interaction P Value 
(ANCOVA)a ES f

Dimension D T0 79.3 ± 13.4 79.6 ± 0.0 79.9 ± 11.8 79.6 ± 0.0  
 T1 83.5 ± 8.7 83.7 ± 0.8 80.3 ± 11.4 80.1 ± 0.8 3.6 (1.2 to 5.9) .004 .54
 T2 83.9 ± 8.6 84.1 ± 0.9 80.5 ± 11.3 80.3 ± 0.9 3.8 (1.3 to 6.4) .004 .54
 T3 82.6 ± 11.6 82.9 ± 0.8 80.9 ± 11.7 80.7 ± 0.8 2.2 (−0.1 to 4.5) .06 .34
Dimension E T0 63.3 ± 23.4 62.6 ± 0.0 62.0 ± 26.1 62.6 ± 0.0  
 T1 67.8 ± 23.4 67.2 ± 0.8 64.0 ± 25.9 64.6 ± 0.8 2.6 (0.1 to 5.0) .04 .37
 T2 68.5 ± 21.9 67.9 ± 0.9 65.4 ± 25.8 66.0 ± 0.9 1.9 (−0.7 to 4.5) .14 .26
 T3 69.2 ± 22.8 68.6 ± 0.9 65.4 ± 25.4 66.1 ± 0.9 2.5 (−0.2 to 5.2) .07 .33
Goal Dimension T0 71.3 ± 17.8 71.1 ± 0.0 70.9 ± 18.5 71.1 ± 0.0  
 T1 75.7 ± 15.6 75.5 ± 0.6 72.2 ± 18.2 72.3 ± 0.6 3.2 (1.6 to 4.8) <.001 .70
 T2 76.2 ± 14.8 76.0 ± 0.7 72.9 ± 18.2 73.1 ± 0.7 3.0 (1.0 to 4.9) .004 .54
 T3 75.9 ± 16.7 75.7 ± 0.6 73.2 ± 18.3 73.4 ± 0.6 2.4 (0.5 to 4.2) .013 .46

Abbreviations: PSE, patterned sensory enhancement; CI, confidence interval; ANCOVA, analysis of covariance; ES, effect size; T0, baseline; T1, post-
test; T2, 6-week follow-up; T3, 12-week follow-up.
aANCOVA with baseline measure as covariate. Boldface indicates significant interaction.

 at Chang Gung University on December 4, 2014nnr.sagepub.comDownloaded from 

http://nnr.sagepub.com/


690 Neurorehabilitation and Neural Repair 27(8)

chair, squatting and standing to retrieve something from the 
floor, and going up or down stairs, require good muscle 
strength, balance, and motor control. The loaded STS exer-
cise provides a great opportunity to develop lower extremi-
ties muscle strength to arise from a chair, dynamic balance 
ability to transit from a large base of support to a smaller 
one, and the motor control ability to regulate horizontal to 

vertical movements.31 Since children with spastic diplegia 
usually stand up with a slower pace than children develop-
ing typically and have difficulties in converting flexion 
momentum into vertical momentum,3,32 the PSE music was 
designed to facilitate faster movement with earlier seat-off. 
A previous study demonstrated that adding PSE music to 
the repetitive loaded STS could immediately shorten the 

Table 3. Observed and Adjusted Means for PEDI Daily Mobility and Self-care Functions Measures.

PSE Group No-Music Group

Outcome Measure T
Observed, 
Mean ± SD

Adjusted, 
Mean ± SE

Observed, 
Mean ± SD

Adjusted, 
Mean ± SE

Mean Adjusted 
Difference (95% CI)

Interaction P Value 
(ANCOVA)a ES f

PEDI Mobility—
Functional Skills

 
 

T0 73.0 ± 12.5 73.1 ± 0.0 73.2 ± 13.9 73.1 ± 0.0  
T1 75.1 ± 11.5 75.2 ± 0.5 74.3 ± 13.6 74.1 ± 0.5 1.1 (−0.3 to 2.5) .12 .28
T2 76.2 ± 10.8 76.3 ± 0.6 74.5 ± 13.5 74.4 ± 0.6 1.9 (0.0 to 3.7) .04 .36
T3 76.2 ± 10.7 76.3 ± 0.8 74.2 ± 13.2 74.1 ± 0.8 2.1 (−0.3 to 4.5) .09 .31

PEDI Mobility—
Caregiver Assistance

 
 

T0 75.2 ± 12.6 74.1 ± 0.0 73.1 ± 12.8 74.1 ± 0.0  
T1 78.3 ± 14.7 77.2 ± 1.3 74.9 ± 14.1 76.0 ± 1.3 1.2 (−2.7 to 5.1) .53 .11
T2 80.7 ± 13.3 79.6 ± 1.5 77.5 ± 15.6 78.6 ± 1.5 1.0 (−3.2 to 5.3) .62 .09
T3 79.2 ± 12.7 78.1 ± 1.2 78.7 ± 15.2 79.8 ± 1.2 −1.7 (−5.2 to 1.8) .33 .17

PEDI Self-care—
Functional Skills

 
 

T0 77.4 ± 13.7 76.2 ± 0.0 75.0 ± 10.8 76.2 ± 0.0  
T1 78.6 ± 12.8 77.5 ± 0.4 75.9 ± 11.0 77.1 ± 0.4 0.4 (−0.8 to 1.6) .47 .13
T2 79.8 ± 12.0 78.7 ± 0.6 77.5 ± 11.1 78.6 ± 0.6 0.1 (−1.7 to 1.9) .90 .02
T3 79.9 ± 11.9 78.8 ± 0.7 78.0 ± 10.8 79.1 ± 0.7 −0.3 (−2.1 to 1.6) .78 .05

PEDI Self-care—
Caregiver Assistance

T0 76.8 ± 14.4 73.3 ± 0.0 69.9 ± 12.7 73.3 ± 0.0  
T1 78.7 ± 13.9 75.5 ± 0.9 73.6 ± 12.8 76.9 ± 0.9 −1.4 (−4.1 to 1.3) .31 .18
T2 80.0 ± 14.0 76.9 ± 2.1 78.5 ± 15.7 81.6 ± 2.1 −4.7 (−10.8 to 1.4) .12 .27
T3 78.1 ± 13.3 75.0 ± 1.5 78.5 ± 14.2 81.6 ± 1.5 −6.6 (−11.1 to -2.1) .005 .52

Abbreviations: PSE, patterned sensory enhancement; CI, confidence interval; ANCOVA, analysis of covariance; ES, effect size; PEDI, Pediatric Evalua-
tion of Disability Inventory; T0, baseline; T1, posttest; T2, 6-week follow-up; T3, 12-week follow-up.
aANCOVA with baseline measure as covariate. Boldface indicates significant interaction.

Table 4. Observed and Adjusted Means for Functional Strength Measures and Walking Speed.

PSE Group No Music Group

Outcome Measure T
Observed, 
Mean ± SD

Adjusted, 
Mean ± SE

Observed, 
Mean ± SD

Adjusted, 
Mean ± SE

Mean Adjusted 
Difference (95% CI)

Interaction P Value 
(ANCOVA)a ES f

1-RM of STS (kg) T0 12.0 ± 5.3 11.5 ± 0.0 10.9 ± 6.1 11.5 ± 0.0  
 T1 17.5 ± 7.0 17.0 ± 1.0 13.9 ± 6.0 14.4 ± 1.0 2.6 (−0.1 to 5.4) .06 .34
 T2 16.9 ± 7.7 16.5 ± 1.1 13.3 ± 4.4 13.6 ± 1.1 2.9 (−0.4 to 6.2) .08 .31
 T3 16.6 ± 7.1 16.2 ± 1.1 13.6 ± 4.7 14.0 ± 1.1 2.2 (−0.9 to 5.3) .15 .25
Walking speed (m/s)b T0 52.0 ± 17.7 49.0 ± 0.0 46.3 ± 20.8 49.0 ± 0.0  
 T1 55.4 ± 16.2 52.7 ± 2.4 49.9 ± 22.1 52.2 ± 2.3 0.5 (−6.3 to 7.4) .87 .03
 T2 54.7 ± 15.0 52.0 ± 2.6 51.4 ± 22.9 53.7 ± 2.4 −1.7 (−8.9 to 5.5) .64 .09
 T3 56.8 ± 16.8 54.2 ± 2.8 50.9 ± 21.5 53.1 ± 2.6 1.1 (−6.7 to 8.9) .77 .05

Abbreviations: PSE, patterned sensory enhancement; CI, confidence interval; ANCOVA, analysis of covariance; ES, effect size; 1-RM, 1-repetition maxi-
mum; STS, sit-to-stand; T0, baseline; T1, posttest; T2, 6-week follow-up; T3, 12-week follow-up.
aANCOVA with baseline measure as covariate.
bNumber = 16 in the PSE group.
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movement time, increase the extensor power of lower 
extremities, and improve smoothness of center-of-mass tra-
jectory in children with spastic diplegia compared to the no-
music condition.22 It is believed that PSE music had similar 
effects on motor control and resulted in the improvement of 
GMFM scores in the PSE group.

It is well known that music can facilitate synchronized 
motor responses. Most studies in the field of neurologic 
music therapy investigate the effects of rhythmic auditory 
stimulation to improve gait pattern in people with stroke, 
Parkinson’s disease, and CP.20,33,34 The auditory rhythm was 
applied as an external timekeeper to entrain the movement 
frequency of a continuous task and guide movement through 
anticipatory cueing, where the movement is rhythmic in 
nature such as gait.33,35 However, the STS movement is a 
discrete task31 and could be cued by rhythm as well as by 
pitch, melody, and loudness. The PSE music showed an 
effect to improve the motor capacity in the current study. 
Similar results were found for older adults that the self-
composed PSE music with functional exercises could 
improve 1-leg standing balance and walking speed.29

Although improvised music was generally recommended 
while applying music therapy since it could reflect subtle 
variations and produce most fitting music,21 prerecorded 
therapeutic music based on an individual’s above-average 
performance has been proven to be effective and practical.36 
The recorded PSE music could help children replicate their 
best loaded STS movement and increase the stability of 
each movement in a repetitious exercise.22 Results of this 
current study showed that recorded music specifically tai-
lored to an individual and adjusted on a regular basis to 
reflect the change of movement is both cost-effective and 
clinically feasible.

Music has the potential to help children feel less fatigued 
and more motivated during resistance exercise. Numerous 
studies have supported the use of music to distract discom-
forting feelings and increase motivation during exercise.10-12 
Observations revealed that PSE-group children performed 
more STS repetitions in a shorter duration, were more con-
centrated during training, and were more willing to carry on 
the exercise than no-music-group children. The psychologi-
cal effects of music might also explain the improvements in 
GMFM found in the PSE group.

The PSE group did not significantly increase PEDI 
scores more than the no-music group. Smaller effect size 
found in the daily function outcomes showed that not all 
improvements in motor capacity brought by PSE music 
were translated into capability (PEDI Functional Skills 
Scale) and performance (PEDI Caregiver Assistance Scale). 
The relationships between capacity, capability, and perfor-
mance are complex37,38 and influenced by environmental 
and personal factors.37,39 In addition to improved motor 
capacity through exercise with PSE music, changes in care-
givers’ attitude, environment, and routines are also 

important to foster children’s independence in daily life. 
The small sample size might also limit the possibility to 
detect differences in daily functional outcomes. Since the 
sample size was estimated based on motor capacity mea-
sures in Hamburg and Clair’s study,29 it is suggested that 
more subjects are needed in future studies to clarify the 
effects on daily function.

To our surprise, the no-music group had much improve-
ment on Caregiver Assistance Scale of the PEDI self-care 
domain than the PSE group at the 3-month follow-up, 
although no time effects were found. Since the improve-
ment was only found at 12-week follow-up, the improve-
ment might not be totally related to the intervention. The 
changes of the degree of caregiver assistance might not only 
result from children’s capabilities but also from the aca-
demic demands, weather, and caregivers’ attitudes toward 
self-care. It was observed that parents rated self-care perfor-
mance higher during summer vacation and lower during 
winter and school final examination period.

Although there were no differences in other PEDI scores 
between the 2 groups, there were still significant main 
effects of time in the Functional Skills Scales of PEDI 
mobility and self-care domains in this study. A literature 
search revealed that this is the first study to investigate the 
effects of functional resistance exercise on daily activities 
and participation for children CP that yielded relatively 
positive results.

For all children as a whole, the muscle strength of lower 
extremities improved significantly after the loaded STS 
exercise. Although the PSE group did not have significantly 
more muscle strength gain than the no-music group, 
medium effect sizes (.25-.34) were found at posttest and 
follow-ups. The medium effect sizes implied that the PSE 
music had some contributions to exercise training because 
PSE-group children tended to be more cooperative and per-
formed more repetitions during the exercise.

Significant main time effect was found in the walking 
speeds, but the differences were no longer significant with a 
more conservative criterion in the post hoc tests. The result 
showing that the loaded STS exercise might improve gait 
speed is different from our previous study.6 One possible 
explanation is that children in the current study included 
children with lower motor function (GMFCS level III) and 
slower walking speeds than those in the earlier study. These 
children might benefit more from resistance exercise than 
those with milder disabilities.

The current study did not compare the effect between 
PSE music and general background music because the pri-
mary assumption was that music would guide better move-
ment form and sequence than exercise without music. 
However, previous studies have reported that synchronous 
music showed the same or better effects than asynchronous 
music during exercise for healthy people.10,40,41 In the 
future, differences between PSE and background music 
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should be investigated while controlling the perceived 
motivational qualities of music.42

There were several limitations in this study. First, there 
was large variability within the target population in terms of 
age and level of severity. Furthermore, a small sample size 
may decrease the power to detect statistical differences. 
Second, the results of the current study could only apply to 
children with spastic diplegia who could stand up indepen-
dently. Since various patterns of assisted STS movements 
were found, future study may investigate effects of PSE 
music with different characteristics to guide these move-
ments.43 Third, the resistance program of this study did not 
follow the guidelines suggested by the National Strength 
and Conditioning Association.44 Instead, the protocol of this 
study was based on previous evidence6 and one unpublished 
pilot study, which found that loaded STS exercise with high 
loads resulted in poor compliance and low motivation at 
home. Fourth, this was a single-blind study where only the 
assessors did not know children’s treatment allocations but 
children and their parents did. It is possible the PSE-group-
children might be psychologically encouraged to perform 
better in the posttraining assessments. Exercise compliance 
and motivation could also be influenced by parents’ expec-
tancy. Telerehabilitation, which used webcams to deliver 
home exercise by therapists, could ensure that the exercise 
will be carried out more consistently in the future.

The current study showed that it is feasible to provide 
PSE music for children with spastic diplegia while doing 
the loaded STS exercise. The positive result encourages 
application of neurologic music therapy in children with CP 
to improve their functional movements.

Appendix

Principles of Prescribing  
PSE Music for Loaded STS Exercise

1. Spatial cueing: We used a descending scale with 
increasing loudness to cue the forward motion from 
initiation to seat-off (Phase 1); an ascending 
melodic line to signify the movement phase from 
seat-off to standing position (Phase 2); and fol-
lowed by a descending arpeggio to facilitate the sit-
down movement.

2. Temporal cueing: We assessed the baseline speed of 
the movement performed by each child to set up the 
individual musical tempo. The movement pattern 
ratio between Phase 1 and Phase 2 determined the 
meter. We calculated the movement pattern ratio 
between Phase 1 and Phase 2 exhibited by each 
child to assign an appropriate meter. If the move-
ment pattern ratio is 1 to 1, the music is in a two-
four (2/4) meter; if the movement pattern ratio is 1 
to 2, the music is in a three-four (3/4) meter; and if 

the movement pattern ratio is 1 to 3, the music is in 
a four-four (4/4) meter. Since momentum transfer 
facilitation from sit to stand can also be achieved by 
reducing the time spent on Phase 1, we further 
speeded up the overall tempo by 5% of the time 
spent on Phase 1.

3. Force cueing: As our goal was to facilitate momen-
tum transfer from sit to stand, the descending scale 
during the initiation was composed of short running 
notes with an accent on the seat-off to address the 
emphasis on knee extension.

4. To add interest to the exercise, the PSE music was 
embedded with well-known melodies from popular 
songs, musicals, and classical music, such as Ode to 
Joy, Edelweiss, A Whole New World, and Bach 
Minuet in G Major. Some of the songs were selected 
based on individual participant’s music preference.
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