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Abstract. [Purpose] The purpose of this study was to investigate the effect of the application of Rhythmic Auditory 
Stimulation (RAS) to the rehabilitation of stroke patients and its effect on gait symmetry. [Subjects] Twenty-five 
subjects with stroke performed walking under five conditions and the study progressed following a randomized 
single-blind cross-sectional design. [Methods] We evaluated the effects of a 5-minute session of RAS. Subjects 
walked under five conditions: (1) a comfortable speed without external rhythm; (2) non-paretic leg footfall with 
RAS matching the baseline speed; (3) non-paretic leg footfall with RAS 30% slower than the baseline speed; (4) 
paretic leg footfall with RAS beat frequency matching the baseline speed; (5) paretic leg footfall with RAS 30% 
faster than the baseline speed. The step time (paretic leg and non-paretic leg), velocity and cadence were measured 
before and after gait training with RAS [Results] Gait symmetry improved in conditions 4 and 5, but not in condi-
tions 2 and 3. Gait ability was assessed with velocity and cadence. Velocity and cadence improved in conditions 4 
and 5. [Conclusion] The results of the study demonstrate the ability of RAS to improve gait symmetry. Thus, RAS 
should be an effective method for the improvement of the gait symmetry of chronic stroke patients.
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INTRODUCTION

Stroke is caused by blocked blood flow to the brain1) and 
it causes motor function disorder.

Hemiplegia can be the main cause of disorder and 
disability and it arises from functional limitations in muscle 
control which limit transfer and movement2). Hemiplegic 
patients show a variety of disorders such as paralysis, 
muscle weakness, spasticity, abnormal muscle contractions, 
reduced balance ability, and reduced gait ability3).

In particular, the reduced gait ability can degrade the 
quality of life4) and gait recovery is one of the most important 
purposes in the rehabilitation of stroke patients5). The cause 
of reduced gait ability is gait asymmetry which is caused by 
diminished stance time, narrow step length, and asymmet-
rical stride length6). Recent studies using rhythmic auditory 
stimulation(RAS) have reported improvements in the 
asymmetry of gait and the gait ability in various ways7–10). 
The study using RAS was started by study for Parkinson 
and hemiplegic patients10–13). Studies of hemiplegic patients 
have been actively conducted using various stimuli and 
environments14). The gait training by Schauer and Mauritz15) 
used music improved gait symmetry. The gait training by 
Ford10) focused on the tempo on a treadmill and it improved 
the movements of the upper and lower extremities. Roerdink 
et al.6) examined the improvement in asymmetric gait of 
acoustically paced walking by stroke patients following 
a metronome in three-speed treadmill gait training. Gait 

asymmetry was reduced as well as the recovery ability from 
perturbation due to abrupt change in the speed of treadmill. 
Thus, the effectiveness of RAS at improving the recovery 
from perturbation and gait symmetry was demonstrated. In 
addition, Thaut et al.16) reported in their studies that a group 
following a metronome and music showed improved gait 
velocity and symmetry compared to a NDT / Bobath group 
demonstrating RAS is effective at improving the gait of 
hemiplegic patients.

RAS has been performed for gait focusing on tempo 
until now, but it did not specifically suggest the applica-
tions and most studies have been performed in the restricted 
environment of a treadmill. Thus, this study investigated the 
effect of RAS on the improvement of gait ability and gait 
symmetry between the paretic leg and non-paretic leg in 
gait performed on level ground, rather than in the restricted 
environment of a treadmill.

SUBJECTS AND METHODS

The subjects of this study were chronic stroke patients 
in a hospital, who had been hospitalized for 6 months to 
2 years and who could perform gait independently for a 
minimum 5 minutes. Twenty-five patients were recruited 
from among 28 patients. Two patients, who were incapable 
of independent gait, and 1 patient who refused to participate 
to the experiment were excluded. Five gait trials, each with 
a total walking time of 5 minutes, were performed under the 
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following conditions and in the following order: (1) at an 
individually chosen comfortable speed without RAS; (2) 
non-paretic leg footfall with RAS matching the baseline 
speed; (3) non-paretic leg footfall with RAS 30% slower 
than the baseline speed; (4) paretic leg footfall with RAS 
beat frequency matching the baseline speed; and (5) paretic 
leg footfall with RAS 30% faster than the baseline speed. In a 
preliminary experiment conducted at different speeds of plus 
or minus 10%, 20%, 30%, 40% and 50% of baseline speed, 
auditory stimulation below 30% did not affect gait variables 
and subjects found it hard to carry out the experiment above 
30%. This led us to set the speeds of ±30% of baseline speed.

RAS was provided by a metronome (TU-88, BOSS, 
China) adjusted to each subject’s step time (m/s), which 
was measured by a gait analysis system before training. Gait 
training with RAS was performed in an independent space 
for 5 minutes each time and the time for training consisted of 
8 minutes in total (warm-up for 3 minutes and gait training 
for 5 minutes). Subjects performed warm-up before gait 
in time with the beat by marking time while listening to 
acoustic cues in a standing or sitting position. Warm-up was 
performed to increase the adaptation to RAS and tension the 
muscles. There was an interval of 10 minutes between the 
trials to eliminate any remaining effects which could have 
influenced the next trial. Gait training focused on the timing 
of the contact of the feet on the ground and the patients were 
asked to perform heel strike in time with RAS. In the paretic 
leg footfall with RAS, the patients walked, stepping the 
paretic leg on the ground in time with the sound from the 
metronome, and in the non-paretic leg footfall with RAS, the 
patients walked, stepping the non-paretic leg on the ground 
in time with the sound from the metronome. To prevent 
reduced concentration because of external interference 
and noise, Bluetooth Wireless Headphones (MDR-RF4000 
K, Sony, Japan; effective distance: 30 m) were used and 
stopwatches (HS-80W-1D, Casio, Japan) measured the 
gait time of 5 minutes. To collect data for quantitative 
gait analysis, a gait analyzer (GAITRite, CIR system Inc, 
USA, 2008) was used to measure the temporal and spatial 
gait ability. The reliability of the tester was r = 0.09, and 
the correlation coefficient (ICC = 0.99) in all gait measure-
ments of comfortable gait velocity was above 0.9617). For all 
subjects, the test was conducted before and after the training, 
and step time, gait velocity and cadence were averaged from 
three repeated measurements. To minimize muscle fatigue, 1 
minute of rest time was inserted between the measurements 
and the tests were conducted without a gait assistance device. 
The data collected by the software of the gait analyzer was 
output as Excel files and processed using the Excel v2007 
program, then the symmetry of gait was calculated as 
described below. For calculating accurate symmetry, among 
various formulae suggested in the preceding studies, the 
formula appropriate for this study was selected.

The symmetry index (SI) is the ratio of the sum of 
non-paretic side value and the paretic side value and 
difference between non-paretic side value and the paretic side 
value18). The gait asymmetry (GA) was calculated by multi-
plying the log value of the paretic side value/ non-paretic 
side value by 10019). The symmetry ratio (SR) was obtained 

by dividing the paretic side value by the non-paretic side 
value20). In this study, both sides’ step times were used 
for calculating the symmetry. To confirm the normality of 
variables, the Shapiro-Wilk normality test was conducted. 
Repeated measures ANOVA was used to identify the differ-
ences between conditions and the Bonferroni test was used 
for post hoc tests. All analyses were performed using SPSS 
18.0 (SPSS Inc., San Rafael, CA, USA) with a significance 
level of less than 0.05.

RESULTS

The general characteristics of the 21 subjects are shown 
in Table 1.

The changes in symmetry according to the conditions of 
gait training with / without RAS are shown in Table 2. For 
all of the symmetry variables, there were some significant 
differences between the RAS conditions and baseline after 
gait training with RAS (p<0.05).

For SI, there were no significant differences between 
condition 1, and conditions 2 and 3, but conditions 4 and 
5 showed significant decreases (p<0.05) from condition 
1, indicating that paretic leg footfall with RAS improved 
gait symmetry. The decrease of condition 5 was even more 
significant than that of condition 4 (p<0.05). For GA, there 
was no significant difference between conditions 1 and 
2, but conditions 3, 4 and 5 showed significant decreases 
(p<0.05) from condition 1. Conditions 4 and 5 showed 
more significant improvements than condition 3 (p<0.05) 
indicating that paretic leg footfall with RAS realizes more 
significant improvements than non-paretic leg footfall with 
RAS. In particular, there was an even more significant 
decrease in condition 5 (p<0.05). For SR, there were no 
significant differences between condition 1, and conditions 
2 and 3, but conditions 4 and 5 showed significant decreases 
from condition 1 (p<0.05) indicating that paretic leg footfall 
with RAS realizes more significant improvement than 
non-paretic leg footfall with RAS. Condition 5 showed a 
more significant decrease than condition 4 (p<0.05).

The changes in gait ability according to the conditions 
of gait training with / without RAS are shown in Table 3. 
Gait velocity and cadence showed significant differences 
frome the baseline (condition 1) after gait training with 
RAS (p <0.05). Conditions 4 and 5 showed more significant 
improvements than the other conditions (p<0.05) indicating 

Table 1. Subject characteristics

 Subjects
Gender (male/female) 18 (14/11)
Age (years) 64.31 ± 8.2
Height (cm) 164.1 ± 8.4
Weight (kg) 62.20 ± 9.3
Type of stroke: hemorrhage/infarction 12 / 13
Hemiparetic side: right/left 13 / 12
Brunnstrom stage of paretic arm stage I/II/III/ 8/ 12/ 5
Duration (months) 12.8 ± 7.5

Note. Values are expressed as mean ± standard deviation (SD).
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that paretic leg footfall with RAS improved velocity and 
cadence. In particular, condition 5 showed an even more 
significant decrease than condition 4 (p<0.05).

DISCUSSION

The present study showed results similar to normal gait 
after gait training with RAS, because the gait training using 
the acoustic cue improved asymmetric gait of stroke patients 
and it had a positive effect on the gait velocity. This study 
investigated the effect of gait training with RAS on the gait 
asymmetry of the paretic and non-paretic sides, and gait 
ability improvement; in order to devise a more effective way 
of gait training with RAS.

Paretic leg footfall with RAS matching the baseline speed 
& 30% faster speed realized significant improvements in 
symmetry and gait ability, but in non-paretic leg footfall with 
RAS, there was no significant effect. Thus, we demonstrated 
that paretic leg footfall with RAS is an effective symmetry 
and gait ability of hemiplegic patients.

In paretic leg footfall with RAS matching the baseline 
speed and 30% faster, both symmetry and gait ability 
improved significantly. It implying that cue control of the 
paretic leg footfall at baseline speed and 30% faster shorten 
the slow step time of the paretic leg, improving the step 
time on the paretic side positively affecting gait. In a study 
that classified the gait cycle into ‘stance phases’ and ‘swing 
phases’, the gait cycle was improved by gait training with 
RAS6). Hausdorff et al.13) reported that gait training with 
RAS enhanced the stance phase of patients with Parkin-
son’s disease. Another study reported weight shift ability 
improvement resulted in improved swing phase time and 
walking11). Roerdink et al.6) concluded that training with 
RAS would reduce the step time of stroke patients.The 
results of our present study are in agreement with these 
previous reports.

When normal speed and 30% slower speed with RAS 
were used for the non-paretic leg, there were no significant 

effects on symmetry or gait ability. However, on GA, one 
of the items of symmetry in non-paretic leg footfall with 
RAS matching a speed 30% faster than the baseline speed, 
there was a significant effect. The results of the present 
study demonstrate the improvement of gait symmetry and 
gait ability by gait training with RAS for hemiplegic patient. 
Many preceding studies have reported that gait training with 
RAS improved gait ability and symmetry. Thaut et al.14) 
reported that the use of RAS improved gait velocity and 
stride length of stroke patient, and Schauer and Mauritz15) 
reported that it improved gait velocity (P = 0.008) and stride 
length (P = 0.009) in their experiments involving stroke 
patients. Del Olmo and Cudeiro21) and Rochester et al.22) 
reported that gait training with RAS for Parkinson disease 
patients improved gait velocity, stride length, and cadence 
demonstrating its effect on gait ability.

The shortened step length of the paretic side, due to 
impaired propulsion generating capacity, makes gait velocity 
slow and reduces gait ability23). This impaired propulsion is 
caused by the weakened muscle strength of the triceps surae 
and the loss of muscle contraction timing, and recovery 
of this function would improve gait ability24). In addition, 
Roerdink and Beek25) reported that improved trunk rotation 
at the time of gait, improved the propulsion at the time of the 
stance on the paretic side. The implementation of RAS using 
metronome beats improved the pelvis and trunk movement 
(i.e the trunk rotation ability)10) and significant changes in 
EMG muscle activity of the gastrocnemius were seen after 3 
weeks of RAS training14).

The present study showed that gait training with RAS for 
hemiplegic patients is effective at improving gait symmetry 
and gait ability. The results suggest rehabilitation and thera-
peutic interventions for improving hemiplegic patient’s 
gait symmetry and gait ability. We think further studies 
seeking the most effective use of RAS and verification of 
the long-term effects of gait training with RAS are needed.

Table 2. The changes in symmetry according to the conditions

 C1 C2 C3 C4 C5 F
SI  30.28 ± 22.01  22.79 ± 14.57  21.43 ± 13.51  19.98 ± 12.66  18.45 ± 12.08  3.694*

GA  19.33 ± 10.57  16.20 ± 9.34  14.77 ± 8.70  13.47 ± 8.42  12.57 ± 8.52  9.787*

SR  1.21 ± 0.14  1.15 ± 0.14  1.13 ± 0.15  1.12 ± 0.14  1.09 ± 0.15  23.952*

Note. Values are expressed as mean SD. *, significant difference from the baseline. SI: Symmetry Index. GA: Gait Asymmetry. SR: Symmetry 
Ratio. C1: comfortable speed without RAS. C2: non-paretic leg footfall with RAS matching the baseline speed. C3: non-paretic leg footfall with 
RAS 30% slower than the baseline speed. C4: paretic leg footfall with RAS matching the baseline speed. C5: paretic leg footfall with RAS 30% 
faster than the baseline speed.

Table 3. The changes in gait abilities according to the conditions

C1 C2 C3 C4 C5 F
Velocity  69.68 ± 19.84  65.36 ± 20.54  63.39 ± 21.52  76.90 ± 19.42  81.53 ± 18.63  25.205*

Cadence  102.15 ± 16.14  98.71 ± 16.43  97.50 ± 19.06  110.57 ± 18.07  114.77 ± 20.22  144.647*

Note. Values are expressed as mean SD. *, significant difference from the baseline. C1: comfortable speed without RAS. C2: non-paretic leg 
footfall with RAS matching the baseline speed. C3: non-paretic leg footfall with RAS 30% slower than the baseline speed. C4: paretic leg footfall 
with RAS matching the baseline speed. C5: paretic leg footfall with RAS 30% faster than the baseline speed.
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