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ABSTRACT

Objectives: Evaluate efficacy of rhythmic auditory stimulation
(RAS) on balance in children with cerebral palsy.

Study design: Randomized controlled trial

Setting: Sri-Sangwan School, Bangkok, Thailand

Subjects: Children with cerebral palsy, GMFCS levels | to llI
Methods: Participants were randomly allocated into RAS and
control groups. All participants underwent a physical therapy
involving exercises and gait training for 3 weeks. RAS group
received gait training with RAS. We measured Timed Up and
Go-In Children (TUG-IC), Pediatric Balance Scale (PBS), Gross
Motor Function Measure (GMFM-66), and gait velocity.
Results: 22 cerebral palsy aged 7-15 years were divided into
control and RAS, 11 participants per group. Results revealed
improvement of TUG-IC, PBS, and GMFM-66 in both groups. The
median (95% Cl) difference between before and after training
of TUG-IC were 1.51 (-16.35, 21.77) second in control and 0.90
(-29.38, 25.76) second in RAS. The differences in PBS were 1.5
(0.03-3.96) in control and 1 (-3.84, 1.84) in RAS. The change of
GMFM-66 was 3.5 (0.38, 5.61) in control and 3 (-3.78, 3.78) in
RAS. Whereas gait velocity only increased in control group. RAS
showed no statistically significant improvement in TUG-IC, PBS,
and GMFM-66. While control group only significantly increased
PBS and GMFM-66 (p = 0.047, p = 0.027), no significant difference
in TUG-IC or gait velocity. Comparison between RAS and control
revealed no significant difference in TUG-IC, PBS, GMFM-66, or
gait velocity.

Conclusions: The addition of RAS to physical therapy may not
improve efficacy of training beyond effects of physical therapy alone.

Keywords: cerebral palsy, gait, music, physical therapy modali-
ties, postural balance
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Introduction

Cerebral palsy is a group of neurological disorders that
affect muscle tone, movement, and posture caused by non-
progressive injury to the developing brain. Possible causes of
cerebral palsy include infections, brain hypoxia, brain injuries,

toxins or teratogenic agents, and genetic disorders."? The
reported incidence of cerebral palsy is 1.5-3.5 out of 1,000 live
births.** These conditions result in problems in ambulation,
balance, and coordination between the upper and lower
extremities, impacting daily routine, family relationships, and
school activities and consequently affecting individuals’ mental
and emotional state.%%6

Regarding the difficulties in ambulation, balance, and coor-
dination between the upper and lower extremities mentioned
above, many previous studies have examined ambulation and
movement in children with cerebral palsy. These studies have
revealed various abnormal gait patterns, including asymmet-
rical gait, shortened step or stride length, slow gait velocity,
loss of balance ability, uncontrollable body movements, and
rhythm perception impairment.”8

There are currently several approaches to treating children
with cerebral palsy that aim to rehabilitate patients to support
their ability to help themselves and maintain their physical
ability as much as possible. The rehabilitative approach for
each patient will be carefully considered regarding their abnor-
mality. However, using more than one method together is
common because there is no evidence that any method is
clearly better than the others.®

Rhythmic auditory stimulation (RAS) aims to improve
movement and gait patterns by offering auditory cueing to the
patients. The auditory rhythms during RAS promote motor
cortex area functioning, which positively affects gait and
balance.*'® Studies in various countries have examined the
outcome of gait patterns using RAS in children and adults
with movement disorders caused by neurological diseases,
stroke, Parkinson’s disease, cerebral palsy, and traumatic
brain injuries. It has been reported that RAS improves gait
ability in patients, including steps per minute, stride length,
gait velocity, and symmetrical gait pattern.®°

In addition to improving gait patterns, previous studies
reported that RAS enhanced balance in adults with stroke,
Parkinson’s disease, and cerebral palsy.”'” However, no
previous studies have examined whether RAS improves
balance in children with cerebral palsy. Therefore, the current
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study examined the efficacy of rhythmic auditory stimulation
on balance in children with cerebral palsy.

Methods

Study design

This study was approved by the Human Research Ethics
Committee, Faculty of Medicine, Ramathibodi Hospital, Mahidol
University, Bangkok, Thailand, and was registered on Clini-
calTrials.gov (NCT05455970).

Participants

Children with cerebral palsy were recruited from Sri-
Sangwan School in Bangkok, Thailand. Inclusion criteria
were used to select patients who had been diagnosed with
cerebral palsy, aged 7-15 years, with gross motor function
classification system (GMFCS)™ levels | to IlI, and the ability
to follow commands, and for whom both the patient and their
guardian provided written consent to participate in the study.
Exclusion criteria were used to exclude patients who had spinal
surgery or lower extremities surgery or received chemo-
denervation injection targeting the lower extremities within
six months before participating in the study, patients who
suffered from spinal or pelvic bone injury within six months
before participating in the study, patients who received intrathecal
baclofen pump implantation, patients who had another neuro-
logical deficit with severe movement disorder, and cases in
which the patient and their guardian did not give consent.

Due to none of the previous studies between RAS and
children with cerebral palsy, the sample size of this study was
calculated based on data from a pilot study, three children per
group, and the fact that this study aims to compare the means
of the control versus the experimental group. The sample size
was calculated using Timed Up and Go-In Children (TUG-IC)
test scores with a mean difference of 5.31 and standard
deviation of 3.39 as a variable by setting the alpha level at
0.05, a beta level at 0.2 and applying an estimated patient
dropout rate of 20%. The results indicated a total required
sample size of 22 patients divided into two groups of 11.

Randomization

Participants were divided into a control group and an RAS
group by blocks of four randomization means with a com-
puter program. Group allocations were placed in a sealed
envelope and assigned to participants by blinded physical
therapists at Sri-Sangwan School.

Materials

1. Metronome program

2. Time Up and Go-In Children (TUG-IC) test™

3. Pediatric Balance Scale (PBS) test?

4. The Thai version of Gross Motor Function Measure-
ment-66 (GMFM-66)?"
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Intervention

After randomization, the researchers recruited patients
and obtained consent after providing information about the
study procedures to patients and their guardians. General
information regarding age, gender, weight, height, underlying
disease, records of surgery, records of medicine used, and
GMFCS level was collected and assessed by the researchers.

Before undergoing the rehabilitation program, the partici-
pants were examined by a blinded outcome assessor to evalu-
ate TUG-IC, PBS, GMFM-66, and gait velocity.

Participants from both groups underwent a rehabilita-
tion training program involving stretching and strengthening
exercises of hip and knee muscles such as gluteus medius,
gluteus maximus, quadriceps, hamstrings, and gastrocnemius
muscles. The program contained three sets of exercises, each
containing ten movements with a 3-minute break between
sets.?22 The control group then underwent gait training by
ground walking training in the 30 meters-ambulation prac-
tice area for 30 minutes per day, five days a week, for three
weeks in total, with partial weight bearing and permission
to use walking aid equipment during training. In the RAS
group, the rhythmic tempo was calculated by determining the
number of steps per minute (cadence) for each participant
that resulted in beat per minute and using the metronome to
make the rhythm for cueing during ambulation training for 30
minutes per day, five days a week, for three weeks in total.
The frequency and duration of training refer to previous study
of RAS training in children with cerebral palsy.”

Participants from both groups received training from
Sri-Sangwan School's physical therapists team, who had
expertise in rehabilitation training and movement training in
children with cerebral palsy. Each participant was received
the same protocol and looked after by a team of physical
therapists to ensure their safety. Patients could take breaks
during training if they were fatigued.

Three weeks after completing rehabilitation training, each
participant was re-assessed on the TUG-IC, PBS, GMFM-
66, and gait velocity. All participants were examined by the
same assessor at the beginning and the end of the training,
as shown in Figure 1.

Outcome measurements

The current study sought to evaluate the balance in children
with cerebral palsy. The primary outcome was TUG-IC scores,
which assessed functional balance and mobility in children.
The secondary outcomes were the pediatric balance scale
(PBS), gross motor function measurement-66 (GMFM-66),
and gait velocity, which represent functional mobility and gait
stability.

Time Up and Go-In Children (TUG-IC) test.”®

The participant sits straight with their back against a chair
and their hands on their lap. When the researcher gives a
signal, the participant stands up, walks straight ahead on
a flat surface for 3 meters, goes around a specified object,



and walks back to the starting point. The time is measured
(in seconds) from standing up from the chair to returning to
the beginning sitting posture. During the test, the participant
walks at their average speed and repeats it three times to
determine the average score, with a 1-minute break between
trials. The participant is allowed to use a walking aid. The
reliability for the TUG-IC was high, with intraclass correlation
coefficients (ICC) ranging from 0.970-0.995.

Pediatric Balance Scale (PBS) test?%

The participant performs 14 sitting and standing postures,
including sitting to standing, standing to sitting, transfers,
standing unsupported, sitting unsupported, standing with eyes
closed, standing with feet together, standing with one foot in
front of the other, standing on one foot, turning 360 degrees,
turning to look behind, retrieving an object from the floor,
placing an alternate foot on a stool, reaching forward with an
outstretched arm. Each posture was assessed on a 0-4-point
scale, with a total possible score of 56 points. The PBS has
high reliability with ICC > 0.9.

Gross Motor Function Measurement-66 (GMFM-66)?!

The participant performs five movement activity categories
to assess gross motor function: lying and rolling, sitting, crawling
and kneeling, standing, walking, running, and jumping. There
are 66 postures in total. Each posture is assessed on a
0-3-point scale, with a total possible score of 186 points.

Gait velocity?®

The participant walks straight on a flat floor for 14 meters
at their self-selected comfortable speed. The starting and
finishing points are 2 and 12 meters, respectively. The time
taken to walk 10 meters is calculated to determine the gait
velocity (kilometers per hour).

Statistical methods

We analyzed participants’ general information using
descriptive statistics, and data were presented as the number,
percentage, mean, standard deviation (SD), median, and
Interquartile range (IQR) for gender, GMFCS, age, TUG-IC,
and gait velocity. We conducted comparisons of the following
variables before and after training using STATA version 16,
the Wilcoxon signed-rank test: TUG-IC, PBS, GMFM-66, and
gait velocity. We compared differences in variable data between
the RAS and control groups before and after training using
quartile median regression, with a value of p < 0.05 considered
to indicate statistical significance.

Results

In the present study, 22 eligible participants completed the
training program (11 in the control and 11 in the RAS groups).
The baseline characteristics of the patients included gender,
GMFCS, age, topography, TUG-IC, PBS, GMFM-66, and gait
velocity. The results revealed that most patients were male,
the average GFMCS level was level Ill, and the average age
was 1-11 years. The median TUG-IC, PBS, GMFM-66, and
the mean gait velocity between groups at baseline showed
no significant differences, as shown in Table 1.

As shown in Table 2, a comparison between median
TUG-IC scores before and after the training program revealed
improvements of 1.51 and 0.90 seconds in the control and
RAS groups, respectively; however, these differences did
not reach significance within groups (p = 0.77 and p = 0.90,
respectively).

The median differences in PBS scores between before
and after training in the control and RAS groups were 1.5

Assessed for eligibility
Children with cerebral palsy aged 7-15 years (n = 22)
Collecting the data before training by TUG-IC, PBS, GMFM-66, and Gait velocity

Blocks of four randomization (n = 22)

A

Control group (n = 11)
Receiving rehabilitation and ambulation
training
30 mins/day, 5 days/week for 3 weeks

A 4

Collecting the data after training 3 weeks
by TUG-IC, PBS, GMFM-66, and
Gait velocity

Data analyzed (n = 11)

A

RAS therapy group (n = 11)
Receiving rehabilitation and ambulation
training with RAS
30 mins/day, 5 days/week for 3 weeks

A 4

Collecting the data after training 3 weeks
by TUG-IC, PBS, GMFM-66, and
Gait velocity

v

Data analyzed (n = 11)

Figure 1. Protocol of research flow diagram
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Table 1. Demographic and clinical characteristics of participants

Characteristics Control (n = 11) RAS (n=11) p-value
Gender, No (%) 0.55
Male 8 (72.73) 7 (63.64)
Female 3(27.27) 4 (36.36)
GMFCS, No (%) 0.56
1 1(9.09) 0(0)
2 3(27.27) 4 (36.36)
3 7 (63.64) 7 (63.64)
Topography, No (%) 0.56
Spastic diplegia 7 (63.64) 8 (72.73)
Spastic hemiplegia 4 (36.36) 3(27.27)
Age', year 11.24 (2.12) 10.30 (2.08) 0.29
TUG-IC?, second 26.18 (11.09, 61.95)  41.98 (11.94, 53.02) 0.57
PBS? 18 (9.5, 31) 23 (10, 35) 0.82
GMFM-66? 123.5 (94, 146.5) 115 (90, 149) 0.83
Gait velocity', km/hr 2.22(1.12) 2.07 (0.99) 0.73
Cadence', step/min 83.79 (34.78) 77.82 (19.86) 0.29

'Mean (standard deviation); 2Median (interquartile range)

RAS, Rhythmic auditory stimulation; GMFCS, gross motor function classification system; TUG-IC, Time Up and Go-In
Children; PBS, Pediatric Balance Scale; GMFM-66, Gross Motor Function Measurement-66

Table 2. Outcome measurement difference

Characteristics Control (n=11) RAS (n=11) p-value
ATUG-IC', second 1.51 (-0.80, 11.45) 0.9 (-1.00, 8.38) 0.50
APBS' 1.5 (0.00, 3.00) 1(1.00, 2.00) 0.75
AGMFM-66' 3.5(0.00, 4.00) 3(1.00, 5.00) 0.49
AGait velocity', km/hr 0.02 (-0.16, 0.27) -0.15 (-0.44, 0.04) 0.50

“Significant difference in outcome measurement between before and after training. PBS; p = 0.047, GMFM-66; p = 0.027

'Median (interquartile range)

RAS, Rhythmic auditory stimulation; GMFCS, gross motor function classification system; TUG-IC, Time Up and Go-In
Children; PBS, Pediatric Balance Scale; GMFM-66, Gross Motor Function Measurement-66

and 1, respectively, and the median differences in GMFM-66
scores between before and after training in the control and
RAS groups were 3.5 and 3, respectively. This result indi-
cated that both PBS and GMFM-66 exhibited improvements
in both groups after training, with significant increases in the
control group (p =0.047 and p = 0.027 for PBS and GMFM-66,
respectively). The differences in the RAS group did not
reach statistical significance (p = 0.47, p = 1.00 for PBS and
GMFM-66, respectively).

Unlike other outcomes, only the median differences be-
tween before and after training of gait velocity in the control
group were improved by 0.02 km/hr. In the RAS group, the
median gait velocity was decreased by 0.15 km/hr after training.
However, there was no significant difference between before
and after training in the RAS or control groups (p = 0.97, p =
0.66, respectively).

Comparisons of TUG-IC, PBS, GMFM-66, and gait velocity
before and after training revealed no significant differences
in either group.

The current results indicated that the control group
showed significant increases in PBS and GMFM-66 scores
after training, whereas no significant changes were observed
in TUG-IC or gait velocity. In contrast, the RAS group showed
no significant differences between before and after training
in any of the outcomes. Comparisons of the control and RAS
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groups revealed no significant differences between groups in
TUG-IC, PBS, GMFM-66, or gait speed.

Discussion

There were previous studies of a rhythm-based approach
for improving gait patterns in patients with cerebral palsy in
both children and adults. However, only Efraimidou et al.™
examined the effects of music and rhythms on the balance
of adult athletes with hemiplegic cerebral palsy. The results
revealed increased balance ability using the TUG and Berg
balance scale (BBS), significantly improving the music and
rhythmic movements training group. This previous finding
differs from the results of the current study, which indicated
that TUG-IC improved after training in both groups. Several
differences between the Efraimidou et al.” study and the
current study could have contributed to the lack of significant
changes. First, the participants in Efraimidou’s study were
adult athletes with hemiplegic cerebral palsy between the
ages of 22 and 50, with GMFCS levels I-I1.

In contrast, in the current study, the participants were
children with cerebral palsy between the ages of 10 and 11,
and 65% of participants had spastic diplegia and GMFCS
level Ill. Thus, the patients in the current study had lower
ambulation abilities than those in the previous study. Moreover,



Efraimidou used rhythms for training at 90 beats per minute,
in conjunction with rhythmic auditory stimulation walking
practice at 70 beats per minute before the actual training. In
the current study, due to younger participants, the rhythms
were calculated from the pace of each participant from 30-147
steps per minute, and no rhythmic auditory stimulation practice
was performed before the actual training. This difference
may have improved the ability of the patients in Efraimidou’s
study to walk during RAS training, resulting in a significant
change after training.

The differences in median TUG-IC scores before and after
training in the control and RAS groups were 1.51 and 0.90
seconds, respectively. However, the difference between
groups did not reach significance. Carey et al.™ reported that
variation in TUG-IC scores has a minimum clinically significant
difference (MCID) of 0.22-5.31 seconds. Therefore, training
in both groups can improve the efficiency of functional balance
in children with cerebral palsy. The median PBS score before
and after training in this study in the control and RAS groups
increased by 1.5 and 1, respectively, with a significant change
in the control group but not the RAS group. However, according
to Chen et al.%, the MCID for variation in PBS has a range of
3.66-5.83. Thus, the current results revealed that only physical
therapy training resulted in a statistically significant improve-
ment in balance, but this improvement is not clinically sig-
nificant.

The current study used GMFM-66 assessment to detect
developmental changes in movement. After training, GMFM-66
showed an increase in both groups, with a significant
difference in the control group but no significant difference
in the RAS group. According to Oeffinger et al.?, the MCID
of GMFM-66 is 0.8. Hence, patients in both groups’ current
study tended to have a clinically significant effect after training,
although the GMFM-66 improvement in the RAS group did
not reach statistical significance.

In the current study, as mentioned above, gait velocity
was decreased after training in the RAS group. In contrast, a
study by Kwak et al.” reported that RAS training improved gait
performance in children with spastic cerebral palsy GMFCS
level I-1ll compared with the gait training exercise, with signi-
ficant improvements in gait velocity, step length, and sym-
metrical gait pattern. The factors causing this discrepancy
between the present findings and those of Kwak’s study
may be related to differences in the RAS techniques used in
each study. In Kwak's study, the rhythms were calculated from
each participant’s pace, and the rhythm rate was increased by
5% in the first week, 10% in the second week, and 15% in the
third week. In contrast, in the current study, we used rhythms
that were calculated from the pace of each participant and
fixed the rhythm for the whole session. Gait velocity is enhanced
by increasing cadence or stride length. However, the current
study aimed to improve balance without increasing cadence,
and the decrease in gait velocity may represent an increase
in gait stability as in Katz-Leurer et al.?

In summary, the results showed improvement in functional
balance in children with cerebral palsy after receiving physi-
cal therapy programs in both the control and RAS groups,
with more improvement in the control group. RAS is a multiple-
stimulation method using auditory-motor synchronization.
The children should have the ability and attention to follow
the rhythm. This problem caused the children in the control
group to concentrate on ambulation training rather than RAS.
Nonetheless, no significant efficacy difference between RAS
and physical therapy after training exists.

Limitations

More than half of the participants in the RAS group were
unable to follow rhythmic cueing at the beginning of each
session, and one of three participants could not maintain the
rhythm’s speed for 30 minutes. Therefore, to avoid muscle
fatigue, participants in the RAS group took more breaks than
the control group, decreasing training time. In the control
group, participants could adjust the speed and rhythm by
themselves.

Recommendations

Children with cerebral palsy most commonly exhibit prob-
lems in ambulation, and a practice period before implementing
new techniques may improve outcomes. In this study, there
is no pre-exercise auditory stimulation, unlike other previous
studies. Therefore, future studies should provide pre-training
auditory stimulation. In some previous studies, the speed of
walking and frequency of cadence may have been elevated
during therapy, and such practice should be integrated with
future studies.

Conclusion

Adding RAS to physical therapy may not improve training
efficacy compared with physical therapy alone.
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