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Abstract

Objectives: Effects of cues on gait disturbance in Parkinson’s disease (PD) depend on features of cue presentation. We in-
vestigated the effects of the length of simple auditory cues on cue-triggered gait initiation in PD.

Methods: The subjects were 8 PD patients in OFF-state (6 women and two men, aged 50-75 years) and 8 normal controls
(NCs) (5 women and three men, aged 55-77 years). For the assessment of gait initiation, the subjects were instructed to take
three steps without the strong constraint of a quick start. The auditory cues consisted of long and short beeps, and the visual
cue was a red light-emitting diode (LED) line projected across the floor 15 cm in front of the subjects’ toes. The four experi-
mental conditions were: (1) short Beep condition (0.1 sec), (2) long Beep condition (3 sec), (3) short Beep/LED condition and
(4) long Beep/LED condition.

Results: The gait initiation time was delayed, and the initial step length was short under the Beep conditions in the PD
patients compared with those in the NCs. Neither parameter differed between the short Beep and the long Beep conditions.
Superimposition of the visual cues improved the gait initiation time under the short Beep condition and the initial step length
under the short and long Beep conditions.

Conclusion: The duration of single auditory cues does not contribute to the gait initiation time and initial step length in PD.
Although large-sized studies are necessary to confirm the results, instantaneous auditory perception may be the primary driv-
ing force for the effects of single auditory cues on gait initiation.
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Introduction

Gait disturbance is one of the cardinal symptoms of Parkin-
son’s disease (PD), which significantly degrades the quality of
life [1]. Parkinsonian gait involves several features: a reduction
of gait speed, a reduction of step amplitude, gait festination,
freezing of gait (FOG), balance deficit, postural abnormality,
and so on [2,3]. Among the features of gait in PD, FOG is very
troublesome, and it quickly leads to falls [4]. Cues of various
modalities can resolve FOG or other features of gait disturbance
and are adopted for rehabilitation of walking in PD [5,6]. Several

studies or meta-analyses have been conducted to determine
the superiority of cueing effects in treating gait disturbances in
PD among cues of different modalities [7-11]. However, various
features of cue presentation can affect the efficacy of the cue,
and adjustment of the stimulus strength among cues of different
types appears to be complicated. Piéron’s Law describes that
simple reaction time decreases as a power function of stimulus
intensity [12], and it was disclosed that not only perception but
also force output in simple reaction tasks depends on stimulus
intensity [13]. In tasks of gait initiation, many features of cue
presentation other than simple stimulus intensity, for example,
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length of stimulus exposure, simultaneous multiple cues of dif-
ferent modalities, the three-dimensional position of stimulus to
the subject, and so on, can affect cueing efficacy. As auditory
cueing is used much more frequently than visual cueing in PD
studies [10], we conducted a pilot study to investigate differ-
ences in the cueing effect on gait initiation between short and
long auditory cues in PD patients.

Methods

The effects of length of auditory cue presentation and the
effects of superimposition of 2 cues, auditory and visual cues,
were studied, and the effects of cueing were compared be-
tween the normal control group and the Parkinson’s disease.
The subjects were 8 PD patients in OFF-state (6 women and 2
men, aged 50-75 years) and 8 normal controls (NCs) (5 women
and 3 men, aged 55-77 years). For the assessment of gait initia-
tion, the subjects were instructed to take 3 steps without the
strong constraint of a quick start. The auditory cues consisted
of short and long beeps, and the visual cue was a red light-emit-
ting diode (LED) line projected across the floor 15 cm in front
of the subjects’ toes. The 4 experimental conditions were: (1)
short Beep condition (0.1 sec), (2) long Beep condition (3 sec),
(3) short Beep/LED condition and (4) long Beep/LED condition.
Demographic data of the participants are presented in Table
1. Individuals with PD were recruited from the Department of
Neurology, Aizawa Hospital, and age-matched controls were
volunteers or spouses of participants with PD. PD patients were
excluded if their scores on the Mini-Mental Status Examination
were <24. The patients were tested in OFF-state in the daytime
with their regular medications. All patients with PD were rated
by investigators using the Unified Parkinson’s Disease Rating
Scale [14] before the gait initiation test. The ethics committee
of Aizawa Hospital approved the study for research on human
subjects according to the Helsinki Declaration. All patients were
fully informed of the procedure and consented to all aspects of
this study.

The foot position was traced using a gait analysis device (Ul-
trasonic System DP-502080; ME, Inc., Matsumoto, Japan). The
ultrasound transmitter was placed on the floor 2 m in front of
the subject; the receiver was put on the subject’s shin at 20 cm
above the floor, and the subject walked toward the transmit-
ter. The distance between the transmitter and the receiver was
converted to voltage at 30 times/sec, and the output voltage of
the distance and the cue signals were fed into a computer with
a sampling rate of 100 Hz. The distance was accurate to within
a range of 0.5 cm. Electromyograms and center of foot pressure
were not monitored.

The experimental setup and conditions are illustrated in Fig-
ure 1A. The subjects stood on a start line and gazed down at
the floor before their feet. The subjects were instructed to take
three steps with the left foot first after an auditory cue, follow-
ing a preparatory vocal command, “ready,” given semi-random-
ly 2-3 sec before the cue signal. The subjects were instructed
to “begin walking briskly in response to a cue sound” without
the strong constraint of a quick start at the initial step. Auditory
cues were a short beeping sound (a short Beep, 0.1-sec dura-
tion) and a long beeping sound (a long Beep, 3-sec duration). A
visual cue was a red LED line, approximately 40 cm long, which
was projected for 3 sec across the floor 15 cm in front of the
subjects’ toes from the subjects’ right side. The beeping tone
was 65 dB and 2300 Hz and was easily heard, and the LED line
was seen by the subjects in the dim room. The auditory and

visual cues were presented simultaneously. When an LED line
was presented, the subjects were instructed to step over the
LED line if the LED line appeared. The four conditions were ran-
domly ordered, and two trials were carried out for each. The in-
terval between the preparatory commands was 1-1.5 min, and
the total time for the test was approximately 10 min. Two tri-
als for each condition were collected, as trials >2 times in each
condition have been associated with a risk of falls and fatigue
for Hoehn & Yahr Stage IV patients. Sufficient rest was given
between trials to avoid subject fatigue. The ability to hear the
short beep sound, recognize the LED beam on the test floor,
and ambulate three steps on the test floor without an assis-
tive device was confirmed. All subjects were pre-trained with
pretesting of >4 times until each fully understood the task. The
measurement was started when the subject could perform the
task without fail. The step parameters were as follows: the gait
initiation time was defined as the period between the onset of
the cues and the initial rising point of the foot position trace;
the initial step length was defined as the distance between the
initial start position and the plateau position.

Statistical tests were performed using the paired t-test
for comparison of the results of the 4 cue conditions and the
Mann-Whitney U test for comparison of the results of controls
and PD. Bonferroni adjustment for multiple comparisons [15]
was not applied, and the significant level was set at p-value <
0.05 (one-tailed).

Results

No PD patient showed freezing of gait, festination, shuffling,
or fall during the task, although most patients showed freezing in
daily walking. Figure 2 shows the results. The gait initiation time
and the initial step length did not change in all conditions in the
NCs. The gait initiation time under the short Beep condition was
significantly longer in the PD patients (mean and SD, 0.71+0.07
sec, p=0.024) than in the NCs (0.61+0.13 sec). The gait initiation
time under the long Beep condition was also longer in the PD
patients (0.69+0.19 sec) than in the NCs (0.60+0.10 sec). Still,
the difference was not significant because of a relatively large
variation. The initial step length under the short Beep condition
and that under the long Beep condition was significantly small-
er in the PD patients (0.34+0.07 m, p=0.012 and 0.35+0.07 m,
p=0.027, respectively) than in the NCs (0.43+0.06 m, 0.44+0.06
m, respectively).

Effects of auditory cue length: Both the gait initiation time
and the initial step length were not different between the short
Beep condition and the long Beep condition in PD (0.71+0.07
sec and 0.69+0.19 sec, respectively, for the gait initiation time
and 0.344+0.07 m and 0.35+0.07, respectively for the initial step
length) (Figure 2A).

Effects of visual cue superimposition: There was no differ-
ence in the gait initiation time between the short Beep condition
with LED and without LED or between the long Beep condition
with LED and without LED (0.61+0.13 sec and 0.62+0.12 sec,
respectively, for the gait initiation time and 0.39£0.07 m and
0.39+0.05, respectively for the initial step length) (Figure 2A,B).
The superimposition of LED increased the initial step length in
the short Beep condition (from 0.34+0.07 m to 0.39+0.07 m, p
= 0.08), but there was no significant difference. There was an
increase in the initial step length in the long Beep condition
by superimposition of LED with a significant difference (from
0.35+0.07 m to 0.39+0.05 m, p=0.030) (Figure 2B).
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Table 1: Demographic data of participants.

age ) ) Hoehn & Yahr ) Gait disturbances
n, gender height (cm) | weight (kg) UPDRS 111 (0-108) = FOG UPDRS item (0-4) .
(yrs) Stage (0-5) UPDRS item (0-4)
PD patients 6F/2M 6517 159412 57+17 29106 (24) 17+11 (5-33) 18+13 (0-3) 1.840.7 (1-3)
(50-72) = (140-175) (41-90)
Normal controls 5F/3M 668 16049 5546
(55-77)  (141-172) (45-63)
Data are presented by means # SD (ranges)
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Figure 2:Stepinitiationtime, initial step length and effects of the cues.

Box and whisker plots in all conditions are presented. (A) There was
a decrease in the gait initiation time in both the short Beep condi-
tion and the long Beep condition with the superimposition of an
LED cue, but it was insignificant. The gait initiation time was not
different between the short and long Beep conditions. (B) There
was a tendency toward an increase in the initial step length in
both the short and long Beep conditions with the superimposition
of an LED line. The initial step length was not different between
the short Beep/LED condition and the long Beep/LED condition.

time and a shorter initial step length on the short and long Beep
conditions compared with NCs and that the superimposition of
LED mostly normalizes these parameters. As there was no dif-
ference among the 4 conditions in NCs, these changes can be
attributed to the deficits of the brain function in PD. Previous
studies reported prolonged initiation time with a significant dif-
ference in PD [16-20]. We measured the gait initiation time of
subjects without the strong constraint of a quick start. At the
same time, most previous studies evaluated the shortest reac-
tion time in gait under the instruction, “as quickly as possible”,
and both reaction time paradigms demonstrated prolongation
of the gait initiation time in PD. The initial step length under
the Beep conditions was significantly smaller in the PD patients
than in the NCs in the present study. Similarly, the decrease in
initial step length in self-generated gait and externally triggered
gait in PD has been commonly reported in previous studies
[17,18]. Gait initiation typically consists of anticipatory postural
adjustments (APAs) and the subsequent shifting of the center of
pressure by stepping [21,22], and patients with PD tend to show
impaired APAs [23].

The pivotal result is that the difference in the duration of the
beep cues, 0.1 sec and 3 sec, produced no significant difference
in the gait initiation time or the initial step length under the
conditions with or without the superimposition of visual cues.
These results suggest that all required to trigger gait may be
instantaneous auditory perception and that the duration of the
sound may not contribute to gait initiation. It is suggested that a
separate mechanism is involved in initiating a motor command
and in force production for the first step in APAs [26], and audi-
tory cues may serve mainly to initiate a motor command. Once
a motor command starts, the subsequent stepping procedure
may automatically run without being affected by the extended
cue presentation.

Concerning the effects of the superimposition of the visual
cue on the cue of other modalities, the superimposition of the
visual cue on the auditory cue improved the initial step length.
It has been well recognized that visual and auditory cues im-
prove the initial step length and strides in PD [5,6,9,24]; how-
ever, the effects of their superimposition on other sensory cues
have rarely been studied, and such studies have not assessed
the initial step. It was suggested that in a walking paradigm, au-
ditory cues provide an external rhythm, compensating for the
basal ganglia’s defective internal rhythm [25]. and that visual
cues help to fill in for the motor set deficiency by providing vi-
sual data on appropriate stride length [26]. These findings pro-
vide the background to the different effects of the auditory and
visual cues on the initial step length.

Although the results of this study lack sufficient case num-
bers to establish a conclusion of high reliability, they suggest
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the following: for Parkinson’s disease patients to overcome gait
disturbances using cues and lead a normal daily life, it is im-
perative to explore more effective cueing mechanisms. While
this study compared cueing effects based on the duration of
auditory cues, further investigations need to encompass varia-
tions in sound volume, harmony, melody, and other auditory
attributes. Additionally, it is essential to compare cueing effects
across other modalities and explore the diverse changes inher-
ent in the stimulus characteristics of each modality.

Conclusions

The results from the present study reveal that the duration
of auditory cues does not contribute to the cueing effect on gait
initiation in PD. Although large-sized studies are necessary to
confirm the results, instantaneous auditory perception may be
the major driving force for the effects of single auditory cues on
gait initiation.
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