
INTRODUCTION

Gait disturbance is one of the major challenges encoun-
tered in patients diagnosed with hemiplegic stroke. It 

limits their quality of life, and functional independence. 
Specifically, abnormal stride length, short or narrow 
steps, and poor timing of muscle contraction and relax-
ation in the affected lower limb, interfere with gait speed 
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Objective  To investigate the immediate therapeutic effects of mental singing while walking intervention on gait 
disturbances in hemiplegic stroke patients.
Methods  Eligible, post-stroke, hemiplegic patients were prospectively enrolled in this study. The inclusion criteria 
were a diagnosis of hemiplegia due to stroke, and ability to walk more than 10 m with or without gait aids. Each 
patient underwent structured music therapy sessions comprising 7 consecutive tasks, and were trained to sing in 
their mind (mental singing) while walking. Before, and after training sessions, gait ability was assessed using the 
10-Meter Walk Test (10MWT), the Timed Up and Go test (TUG), gait velocity, cadence and stride length.
Results  Twenty patients were enrolled in the interventions. Following the mental singing while walking intervention, 
significant improvement was observed in the 10MWT (13.16±7.61 to 12.27±7.58; p=0.002) and the TUG test 
(19.36±15.37 to 18.42±16.43; p=0.006). Significant improvement was also seen in gait cadence (90.36±29.11 to 
95.36±30.2; p<0.001), stride length (90.99±33.4 to 98.17±35.33; p<0.001) and velocity (0.66±0.45 to 0.71±0.47; p<0.002).
Conclusion  These results indicate the possible effects of mental singing while walking on gait in patients diag
nosed with hemiplegic stroke.
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of stroke survivors [1].
External cues have been reported to promote motor 

skill learning [2]. Rhythmic auditory stimulation (RAS) 
has been proposed as an effective therapeutic method 
to improve gait function, which is rhythmic in itself [3]. 
Suh et al. [4] suggested that 3 weeks of gait training with 
RAS significantly improved gait velocity, stride length, 
cadence, and standing balance in hemiplegic stroke pa-
tients. Further, Thaut et al. [5] reported that after 3 weeks 
of gait training, RAS showed significantly better clinical 
outcomes in terms of gait parameters, compared with 
neurodevelopmental therapy/Bobath-based training in 
early post-stroke patients. RAS had an immediate effect 
on motor output [6].

In most previous studies, RAS was usually administered 
by repetitive, rhythmic beats delivered by a metronome 
or similar device, sometimes contained in music. How-
ever, additional equipment or instruction was required 
to carry out these training methods using external cues. 
Moreover, RAS may require additional resources for 
stroke patients who have relatively decreased cognitive 
reserves and restricted attentional resources that impair 
multitasking; recognition of the tempo of beats compar-
ing the gait speed with the given beats and adjusting the 
walking pace [7]. Compared with healthy adults, who can 
change their gait parameters and rhythmicity uncon-
sciously while walking [8], RAS for stroke survivors can be 
a cognitively-demanding task requiring multi-step pro-
cessing.

Satoh and Kuzuhara [9] initially studied the effect of 
mental singing on gait disturbance in patients with Par-
kinson disease. This method uses singing as an inner cue 
while walking, and was found to significantly improve 
gait dysfunction in patients with Parkinson disease. Men-
tal singing requires cognitive resources for output alone, 
while external cueing requires cognitive resources for 
both input and output. Furthermore, mental singing does 
not require extra devices, and is less restricted by space 
and time, as the cueing results from patients’ singing in 
their mind. To date, the effect of mental singing while 
walking has not been investigated in gait disturbance af-
ter stroke. 

In this study, the therapeutic effects of mental sing-
ing while walking were evaluated in hemiplegic stroke 
patients by measuring their gait and balance. In the ab-
sence of previous studies, the aim of the current study 

is to determine the immediate effects of mental singing 
while walking on gait disturbance in stroke patients.

MATERIALS AND METHODS

Participants
Patients were recruited at Soonchunhyang University 

Bucheon Hospital between July 2016 and October 2016. 
The inclusion criteria were: (1) diagnosis with hemiple-
gia after stroke, indicated by magnetic resonance imag-
ing and computed tomography; (2) an onset time of less 
than 12 months; (3) absence of previous history of stroke; 
(4) inability to walk more than 10 m with, or without gait 
aids; and (5) a score of 24 or higher on the Korean ver-
sion of the Mini-Mental State Examination (MMSE). The 
exclusion criteria were: (1) severe hearing difficulty and 
inability to follow instructions; (2) inability to sing a song 
due to aphasia; (3) a history of neurologic disease other 
than stroke; (4) orthopedic challenges associated with 
lower limbs; and (5) uncontrolled medical conditions af-
fecting gait function.

The sample size was calculated using the G*Power 
version 3.1.9.2 (Heinrich Heine University, Dusseldorf, 
Germany). Power was set at 0.80, with an alpha 0.05, and 
effect size 0.68. Assuming an attrition rate of 10%, an esti-
mated total sample size of 20 was needed.

All participants were informed of the study procedures 
and objectives. The study protocol was approved by the 
Institutional Review Board of Soonchunhyang University 
Buchoen Hospital (No. SCHBC2016-03-017).

Intervention
During the mental singing sessions, each patient per-

formed 7 consecutive tasks, previously proposed by Satoh 
and Kuzuhara [9], using a song played by a smartphone. 
The song selected for this study was ‘Santokki (a jack 
rabbit)’, a well-known Korean children’s song published 
in the year 1938. The tasks were as follows: (i) listening 
to the song; (ii) clapping hands or tapping toes on the 
ground while listening to the song; (iii) singing; (iv) clap-
ping or tapping while singing; (v) singing while sitting on 
a chair and walking in place; (vi) walking while singing, 
and (vii) walking while mentally singing the song.

The main objective of these consecutive tasks was to 
comfortably prepare for the final task. Therefore, the first 
6 tasks were set in order to easily master the last task. 
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During task (vi) and (vii), patients were taught to walk 
comfortably for 5 m straight ahead on a flat ground and 
return to the starting position with or without their gait 
aids, for a total walking distance of 10 m involving 2 turns. 
Each task was repeated a few times until the participants 
understood the meaning and goal of the task completely.

Outcome measures
To investigate the immediate effects of mental singing 

on clinical functional outcomes and gait characteristics, 
patients were evaluated before task (i) (pre-evaluation) 
and after task (vii) (post-evaluation) (Fig. 1).

The 10-Meter Walk Test (10MWT) and the Timed Up 
and Go (TUG) tests were used to assess the clinical out-
comes of training. The 10MWT has high reliability and 
excellent predictive validity according to the Barthel 
Index and instrumental activities of daily living in stroke 
patients [10,11]. The TUG test, which is used to evalu-
ate the risk of falls among post-stroke patients [12], is 
positively correlated with gait and endurance in chronic 
stroke patients [13]. It is usually recommended for gait 
assessment in persons with mild-to-moderate hemipare-
sis after stroke [10].

Changes in gait were evaluated by cadence, stride 
length and velocity. These parameters were estimated 
using a method reported by Hayden et al. [11]; in which 

an examiner counted steps and measured the time while 
another examiner evaluated the length of two steps, dur-
ing the course of a patient’s walk along a straight path of 
10–15 m.

Each patient was tested by two examiners who were 
not engaged in this study and instructed to walk at a self-
selected brisk walking speed. Four trials were accom-
plished for each test. The mean values of the last three 
trials were analyzed, with the first one regarded as a pre-
practice trial. All of the patients were provided a 1-min-
ute interval of rest between each trial and a 2-minute rest 
period between each test.

Statistical analysis
Statistical Package of Social Science (SPSS) version 

14.0K for windows (SPSS Inc., Chicago, IL, USA) was used 
for statistical analyses. The results were expressed as a 
number on a categorical scale, and as the mean±standard 
deviation on a continuous scale. The changed values of 
the outcomes were determined, after the mental singing 
while walking data were analyzed with the paired t-test 
or Wilcoxon signed-rank test as appropriate following 
a Shapiro-Wilk test for normality. The level of statistical 
significance was set at p<0.05.

Pre-evaluation
(n=20)

7 consecutive tasks
(n=20)

Post-evaluation
(n=20)

TUG

10MWT

Gait characteristics

Cadence
Stride length
Velocity

(i)
(ii)

(iii)
(iv)

(v)

(vi)
(vii)

Listen to the song
Clap hands or tap toes on the ground
while listening to the song
Sing the song

Sing the song while sitting on a chair and
walking in place
Walk while singing the song

the mind

Clap hands or tap toes on the ground
while singing the song

Walk while singing the song in

TUG

10MWT

Gait characteristics

Cadence
Stride length
Velocity

Fig. 1. Flowchart of the study de-
sign. 10MWT, 10-Meter Walk Test; 
TUG, Timed Up and Go test.
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RESULTS

Twenty post-stroke patients completed the entire study. 
The mean age was 55.6±14.1 years (range, 19–78 years). 
Of the 20 patients, 12 were female including 11 with a 
right-sided stroke lesion and 17 with a supratentorial 
stroke lesion. The mean K-MMSE score was 26.8±2.6 
(range, 24–30 scores), the mean duration of stroke was 
82.5±81.8 days (range, 19–290 days), and the mean Kore-
an version of Modified Barthel Index score was 64.2±19.1 
(range, 22–87 scores). Sixteen patients walked without 
any assistive devices and the others walked with a single 
cane. Table 1 shows the patients’ demographic and clini-
cal data.

Most participants accomplished each of the seven con-
secutive tasks, immediately. However, three participants 
failed to understand all of the tasks at one time. None of 
the patients required repetition of instructions more than 
three times. The time required to complete the 7 consec-

utive tasks was approximately 30 minutes.
After mental singing while walking, significant improve-

ment was found in the 10MWT (13.16±7.61 to 12.27±7.58; 
p=0.002), and the TUG test (19.36±15.37 to 18.42±16.43; 
p=0.006) (Table 2). In terms of gait, we found significant 
improvement in cadence (90.36±29.11 to 95.36±30.2; p< 
0.001), stride length (90.99±33.4 to 98.17±35.33; p<0.001), 
and velocity (0.66±0.45 to 0.71±0.47; p<0.002) (Table 3).

DISCUSSION

This study demonstrated the possibility that mental 
singing while walking instantly improves, not only clini-
cal functional outcomes, but also the gait parameters of 
hemiplegic stroke patients.

The song selected for this study was ‘Santokki (a jack 
rabbit)’, a well-known Korean children’s song. This song 
was selected for two reasons. First, all the participants 
were very familiar with the song. Leow et al. [14] sug-

Table 1. Demographic and clinical characteristics of patients

Patient 
number

Gender
Age  
(yr)

Height 
(cm)

Weight 
(kg)

Diagnosis
Duration 
of stroke 

(day)
MMSE MBI

Assistive 
device

1 F 55 150 60 Right MCA infarction 29 30 84 No

2 F 74 150 67 Right BG & PVWM infarction 37 25 67 No

3 F 36 153 48 Left MCA infarction 26 24 81 No

4 F 74 153 54 Right pontine infarction 34 30 48 No

5 F 54 153.2 64.6 Left MCA infarction 52 24 22 No

6 F 78 155 58.4 Right ACA territory infarction 29 24 63 No

7 F 60 155.6 57.6 Left BG &PVWM infarction 36 25 52 No

8 F 45 160 70 Left temporal lobe ICH 208 24 70 Monocane

9 M 60 160.9 68.7 Right PVWM infarction 19 26 74 No

10 M 71 164 58 Left frontal cortex infarction 39 25 25 No

11 F 52 165 60 Left MCA infarction 28 30 32 No

12 F 63 165 59.2 Right BG infarction 70 26 76 No

13 F 50 165 58.2 Left MCA infarction 122 25 63 No

14 F 52 165 54 Right BG & thalamus ICH 203 28 78 Monocane

15 M 61 168 72 Right medullary infarction 37 30 67 Monocane

16 M 59 170 75 Left MCA infarction 22 26 87 No

17 M 54 170 75 Left pontine ICH 290 24 72 Monocane

18 M 19 170.3 59.3 Right MCA infarction 47 30 79 No

19 M 58 175 79 Right BG infarction 100 30 78 No

20 M 37 178 105 Right BG ICH 222 30 65 No

MMSE, Mini-Mental State Examination; MBI, Modified Barthel Index; MCA, middle cerebral artery; BG, basal ganglia; 
PVWM, periventricular white matter; ACA, anterior cerebral artery; ICH, intracranial hemorrhage.
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gested that familiarity with the music increased walking 
speed when using rhythmic auditory cueing. Cognitive 
demands of synchronizing were reduced with beat struc-
ture familiarity leading to better synchronization and 
a faster less variable gait. Second, this song has a two-
four beat, and is generally played at a medium-tempo of 
90–120 beats per minute (bpm). Silva et al. [15] investi-
gated the effect of music tempo on the rating of perceived 
exertion (RPE), during self-selected paced walking. In 
their study, the participants underwent three 30-minute 
walking sessions in a counterbalanced order: fast-tempo 
music (140–150 bpm), medium-tempo music (115–120 
bpm), and no-music control. They found that the RPE 
was lower with the medium-tempo music compared with 
the control. However, the RPE showed no differences be-
tween the fast-tempo and the control conditions. These 
results suggest that the medium-tempo music apparently 
alleviated the physiological feedback derived from walk-
ing, while the fast-tempo music may decrease motivation 
leading to loss of interest in the activity [16]. Therefore, 
we considered that this song might be suitable for mental 
singing while walking.

RAS is known to activate motor neurons at the spinal 
level, and in the brainstem [17]. Suteerawattananon et 
al. [18] reported that RAS increased the excitability of 
spinal motor neurons via the reticulospinal tract, and 
thus shortened the muscle reaction time in response 
to motor commands, contributing to the improvement 
in gait speed. Rossignol and Jones [17] investigated the 
audio-spinal influences by using an H-reflex technique 
and non-startling sounds. They reported that sound 
potentiated the H-reflex amplitude during hopping to a 
simplified musical rhythm. This observation suggested 
that during synchronized stereotyped movements to re-
petitive auditory stimuli, the descending motor events 

were entrained to the auditory rhythmic signal to lever-
age the effect of potential audio-spinal facilitation. The 
cerebellum and thalamus as well as the brainstem, which 
play a key role in timing mechanisms, are also affected 
by RAS, which apparently compensates for the motor 
timing dysfunction leading to enhanced gait parameters 
[19]. Shin et al. [20], reported that gait training with RAS 
improves both kinematic and temporospatial patterns in 
hemiplegic stroke patients. Cha et al. [21] investigated the 
immediate effects of gait training with RAS on hemiplegic 
stroke patients. The authors indicated that RAS, which 
was delivered at a 10%–20% faster tempo compared with 
patients’ baseline walking speed, showed the potential 
for instant improvement in walking performance.

Most previous studies investigating the effect of gait 
training with RAS utilized external cueing for auditory 
stimulation. Although, Satoh and Kuzuhara [9] used in-
ner cueing as their intervention for Parkinson disease 
limited evidence is available to confirm the role of inner 
cueing on the ambulatory abilities of stroke patients. 
Consistent with previous study results involving RAS, the 
present study demonstrated that mental singing while 
walking instantly improved gait parameters and clinical 
functional outcomes in hemiplegic stroke patients. Com-
pared with other methods reported previously the men-
tal singing while walking intervention with inner cueing 
provides benefits for stroke patients. 

First, it can be utilized anytime and anywhere. The 
external cueing can be provided by music or repeated 
sounds from a metronome, which was also used as a 
therapy in previous studies, and is more suitable for a 
clinical setting than a daily living situation. The method 
requires a musical device or a tool and occasional guid-
ance of a therapist. By contrast, mental singing uses a 

Table 2. Comparative assessment of functional outcomes 
before and after a single session of gait training with men-
tal singing

Assessment time
p-value

Before After
10MWT (s) 13.16±7.61 12.27±7.58 0.002*

TUG (s) 19.36±15.37 18.42±16.43 0.006*

Values are presented as mean±standard deviation.
10MWT, 10-Meter Walk test; TUG, Timed Up and Go test.
*p<0.05 by Wilcoxon signed-rank test.

Table 3. Comparative assessment of gait characteristics 
before and after a single session of gait training with men-
tal singing

Assessment time
p-value

Before After
Cadence (steps/min) 90.36±29.11 95.36±30.20 <0.001a)*

Stride length (cm) 90.99±33.40 98.17±35.33 <0.001b)*

Velocity (m/s) 0.66±0.66 0.71±0.71 0.002a)*

Values represent the mean±standard deviation.
a)Wilcoxon’s signed-rank test, b)paired t-test. 
*p<0.05.
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mental song as a cue and therefore, can be used to im-
prove gait disturbance under ordinary circumstances. 
Patients can master the sequences without the need for a 
therapist.

Second, the mental singing while walking intervention 
requires fewer cognitive resources than externally cued 
methods. When performing RAS cognitive capacity rep-
resents an important factor because walking with audi-
tory cueing requires specific cognitive resources [22]. In 
patients with Alzheimer disease, it was reported that both 
musical and metronome cueing disturbed patients’ gait 
performance in the absence of a movement disorder [23]. 
Attention, which is essential for learning motor skills, is 
usually impaired following stroke, and its deficiency re-
duces physical functioning [24,25]. Therefore, previous 
methods utilizing external cueing might demand exces-
sive attention in stroke patients. The cognitive demands 
of this method for both input and output, require patients 
to control their walking in tandem with external cues. 
However, mental singing only requires cognitive pro-
cessing for output, which is less demanding on patients’ 
cognitive resources. It requires less attention and is much 
simpler and easier to perform than previous methods. 
The patients are able to master this method with about 30 
minutes of practice.

Even though the exact mechanisms for improving gait 
by mental singing remain unclear, we hypothesize that 
the mechanism was similar to that of RAS [17,18]. Other 
factors include emotional engagement and motivation. 
Singing is an emotionally engaging process more than lis-
tening to music or the sound of a metronome and there-
fore, patients in this study might be highly motivated to 
participate actively in the training sessions. Incorporating 
affective and motivational factors into any intervention 
without overlooking the relationship between the pure 
motor network and emotional effects may hold the key to 
understanding the underlying mechanisms [26].

This feasibility study has several limitations. First, the 
small sample size makes it difficult to generalize our re-
sults to hemiplegic stroke patients. Second, since we only 
confirmed the immediate effects of the intervention, no 
short- and long-term effects were evaluated. Third, it is 
possible that the improved gait in post-evaluation may be 
attributed to gait repetition during pre-evaluation—tasks 
(vi) and (vii)—rather than the immediate effect of mental 
singing. Fourth, gait parameters were not evaluated kine-

matically using a motion analysis system. Finally, we did 
not distinguish patients based on their site of damage. 
However, the auditory rhythm is processed bilaterally 
and no difference in performance was observed between 
patients with left- and right-hemiparesis in previous 
studies [3].

In conclusion, mental singing while walking dem-
onstrated immediate positive effects in improving the 
functional outcomes and gait parameters of patients 
diagnosed with hemiplegic stroke. To the best of our 
knowledge, this is the first study which investigated the 
effects of mental singing while walking in hemiplegic 
stroke. This simple and feasible method may be used as 
an alternate gait training method for hemiplegic stroke 
patients in both clinical and non-clinical settings. In or-
der to clarify the effects of this novel method, additional 
studies with a control group and long-term follow-up are 
required to address the limitations of this study.
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