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Abstract
Introduction: Parkinson’s disease (PD) is a neurodegenerative disorder affecting the physical, psychological, social, and
functional status of an individual. Individuals with Parkinson’s disease (PD) often demonstrate bradykinesia during
mobility tasks. Due to bradykinesia; a person with Parkinson’s may have difficulty performing everyday functions. This
leads to activity limitation and participation restriction in these individuals. Hence different strategies are needed to
overcome bradykinesia. Use of visual cues and auditory cues can be thought of improving this problem. Hence this
study was conducted to find out the efficacy of auditory cues and visual cues and compare them. Objectives 1)To assess
the effectiveness of auditory cues on bradykinesia in Parkinson’s patients 2) To assess the effectiveness of visual cues on
bradykinesia in Parkinson’s patients. 3) To compare the effectiveness of auditory and visual cues on bradykinesia in
Parkinson’s patients. Methodology: After obtaining consent from the subjects, they were randomly divided into 3 groups
in where they received either auditory cues (Metronome beats) or visual cues (video) or no cues for the selected
functional activities. Reaction time was measured before and after intervention. Conclusion: It was concluded that
auditory cues are effective in improving bradykinesia.
Keywords: Auditory cues, Bradykinesia, Parkinson’s disease, Visual cues
………………………………………………………………………………………………………………………………..

Introduction
Parkinson’s disease (PD) is a neurodegenerative
disorder affecting the physical, psychological, social,
and functional status of an individual [1]. It is a
progressive disease associated with a degeneration of
the dopamine-producing cells in the substantia nigra. In
recent years, it has been highlighted that PD is a
multisystem neurodegenerative disorder with motor as
well as non-motor features [2]. Among motor
symptoms and signs, the cardinal features
(bradykinesia, rest tremor, and rigidity) are mainly due
to the loss of dopaminergic neurons [3], but those
involving posture, balance, and gait are largely
secondary to degeneration of nondopaminergic
pathways. These problems significantly contribute to
impairment and disability in advanced PD patients [4].
The basal ganglia (BG) include the striatum, which
comprises the caudate nucleus, putamen, and nucleus
accumbens, the globus pallidus that is divided into an
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external segment (GPe) and an internal segment (GPi),
the substantia nigra that can be divided into a pars
compacta (SNc) and a pars reticulata (SNr), and the
subthalamic nucleus (STN) [5]. The main input region
of the BG is the striatum, which receives afferents from
many regions of the cerebral cortex, including motor
and premotor, cingulate, and prefrontal cortices, and the
intralaminar nuclei of the thalamus [5–7].
The major output regions of the BG are the GPi and the
SNr, which project to the thalamus modulating activity
of cortical regions and to the brainstem [5-7]. The input
and output regions are connected via either the direct or
the indirect pathways, both of which arise from the
matrix medium spiny neurons of the striatum, while the
striosomal medium spiny neurons control dopaminergic
projections from the SNc [5–8]. Corticostriatal
projections, intrinsic BG circuits, and output pathways
are functionally arranged according to the BG loop
involved [7, 8]. The main neurotransmitter of BG
circuit is the inhibitory gamma-aminobutyric acid
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(GABA), while neurons of the STN use excitatory
glutamate and those of the SNc use dopamine [9].
According to this model, the pathophysiological cause
of PD hypokinetic signs is the prevalence of the indirect
pathway over the direct one resulting in increased
neuronal firing activity in the output nuclei of the BG
and leading to excessive inhibition of thalamocortical
and brainstem motor systems leading to alteration in
normal speed of movement, onset and execution [5–6].
At variance, overactivity in the direct pathway and
imbalance with the indirect one may cause reduced
inhibitory BG output causing dyskinesia, PD [7, 10].
Bradykinesia refers to slowness of movement that is
ongoing, akinesia indicates failure of voluntary,
spontaneous (e.g., in facial expression), or associated
movement (e.g., arm swing during walking) to occur,
and hypokinesia refers to movements that are smaller
than desired, in particular with repetitive movements
[11]. In addition to whole-body slowness, bradykinesia
may impair the fine motor movements, which is usually
demonstrated in PD patients during rapid alternating
movements of fingers, hand, or feet as a progressive
reduction of speed and motion amplitude [11].
Bradykinesia is represented cranially by loss of facial
expression, decreased frequency of blinking, monotonic
and hypophonic speech, and drooling due to decreased
spontaneous swallowing. Other manifestations of
bradykinesia are slowness in rising from a chair, loss of
spontaneous gesturing, reduction of handwriting
(micrographia), reduced arm swing when walking, and
reduced gait amplitude and velocity [11].
Although both speed and movement amplitudes are
affected in PD, the speed is usually more affected,
suggesting that they may be associated with partially
separate mechanisms [12]. The pathophysiology of
bradykinesia is not completely understood, but amongst
the theories putforth, failure of the BG output to
reinforce the cortical mechanisms may involve the
preparation of the movement or its execution [5-7, 11].
Deficits in movement preparation in PD patients have
been documented by slower reaction times [13, 14] and
slower increase in premovement cortical excitability
[15].
Bradykinesia combined with other PD-related
movement deficits may contribute to self-reported
reductions in quality of life [16]. It is one of the
common reasons for hindrance in daily routine
activities in these patients. This may result in
deterioration of patient’s psychological and social state

of mind. Hence various interventions have been
developed to improve bradykinesia. A study conducted
to find out the effectiveness of high resistance training
showed that Muscle force, bradykinesia, and QOL were
improved to a greater degree in those that performed
high intensity eccentric resistance training compared to
an active control group [17]. A Meta analysis of
effectiveness of exercise interventions for people with
Parkinson’s disease reported a statistically significant
benefit in exercise intervention [18]. Being debilitating,
bradykinesia needs to be given attention and therefore
an effective strategy should be used along with the
conventional treatment so as obtain maximum benefit.
Various researchers have proved that auditory and /or
visual cues are effective in improving bradykinesia. A
study conducted to find out the effects of pulsed
auditory stimulation on various gait measurements in
persons with Parkinson's disease confirmed previous
findings that auditory stimulation can be used to
positively influence the gait of persons with PD [19].
Another study conducted to find Effects of visual and
auditory cues on gait in individuals with Parkinson's
disease stated that the Visual and auditory cues
improved gait performance in patients with PD. Also
auditory cueing significantly improved cadence, but
visual cueing improved stride length. The simultaneous
use of auditory and visual cues did not improve gait
significantly more than each cue alone [20]. Even
though there are various studies which studied the
effectiveness of cues on gait, there is dearth of studies
which intended to find out the effectiveness of cues on
bradykinesia. Hence this study was conducted to find
out the effectiveness of cueing on bradykinesia on
Parkinson’s patients and to compare the efficacy of
auditory and visual cues.

Methodology
Type of study – Cross sectional study
Type of sampling- Simple Random Sampling
Number of samples – 30
Individuals suffering from Parkinson’s disease graded
I&II on Hoen-Yahr scale and who were independent
ambulators, were included in the study. Individuals with
known visual or auditory deficits, cognitive
impairments, psychiatric disorders and other
neuromuscular or musculoskeletal disorder were
excluded from the study.
Procedure –After obtaining approval from institutional
ethics committee, consent from subjects, the subjects

Biomedical Review: Journal of Basic and Applied Medical Sciences Available online at: www.biomedicalreview.in 26 | P a g e

April-June
June 2017/ Vol 4/ Issue 2

ISSN 2349-5502

Research Article
were randomly divided into three groups Group A, B
and C. Subjects were made to sit on chair comfortably
and were asked to reach for the glass kept on the table
kept around 18 inches away from the subject .Reaction
.
time for upper limb activity that is reaching for the glass
and reaction time was measured using stopwatch. 3
trials were given and best of the 3 was taken. Then the
subjects were given rest period of 5 minutes rest
re period
and were asked to do spot marching.
The reaction time was measured. One group was given
auditory cues in the form of metronome (Group A), one
group was given visual cues in the form of video clip
(Group B) and one group did not receive any cues
(control Group, Group C). In auditory cues group
(Group A), five times metronome beats
eats were played
and the subjects were asked to perform the activities on
the pace of the beats. The second group (group B) was

given visual cues in the form of video clips of
o the task
and was asked to perform55 repetitions along
alo with the
video. The third group that was control group (group C)
performed the motor activity of the given task for 5
repetitions. The reaction time was measured post
intervention.
2. The results were analyzed.
analyzed The intra group (pre-post)
analysis was done using Man-Whitney
Man
U test. Though
the data was parametric, the sample size was small;
hence non parametric test was used.
used As only one group
showed statistically significant improvement, the inter
group
comparison
was
not
done.

Results
Graph-I

Male
Female

Graph-I:
I: Shows gender wise distribution of the subjects
This Graph shows that study population included 70%males and 30% females
Graph-II
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Graph--II: Shows age wise distribution of the subjects
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This Graph shows that study population included 3.33% subjects from age group40-50 as well as age group 50-60 yrs,
40% subjects from age group 60-70 yrs, 46.66% from age group 70-80 yrs, 6.66% from age group 80-90 yrs .
Table I: for Group A for upper limb activity
Pre Intervention RT in sec

Post Intervention RT in sec

P value

Inference

5.52+_1.066

3.73+_0.8433

0.0021

Very significant

Table I states that there is extremely significant in reaction time of upper extremity functional activity with motor
practice with auditory cues.
Table-II: Group B for upper limb activity
Pre Intervention RT in sec

Post Intervention RT in sec

P value

Inference

5.6

4.79

0.1013

Not significant

Table II states that there is no significant change in reaction time of upper extremity functional activity with motor
practice with visual cues.
Table-III: Group C for upper limb activity
Pre Intervention RT in sec

Post Intervention RT in sec

P value

Inference

5.72

5.55

0.5367

Not significant

Table III states that there is no significant change in reaction time of upper extremity functional activity with motor
practice without any cues.
Table IV: Group A for lower limb activity
Pre Intervention RT in sec

Post Intervention RT in sec

P value

Inference

23.89

18.97

0.024

significant

Table IV states that there is extremely significant in reaction time of lower extremity functional activity with motor
practice with auditory cues.
Table-V: Group B for lower limb activity
Pre Intervention RT in sec

Post Intervention RT in sec

P value

Inference

24.3

19.79

0.1601

Not significant

Table V states that there is no significant change in reaction time of lower extremity functional activity with motor
practice with visual cues.
Table-VI: Group C for lower limb activity
Pre Intervention RT in sec

Post Intervention RT in sec

P value

Inference

25.82

25.18

0.8499

Not significant

Table VI states that there is no significant change in reaction time of lower extremity functional activity with motor
practice without any cues.
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Discussion
As per the results of the above study auditory cues are
effective in reducing bradykinesia. The group with
visual cues and the control group did not show any
significant improvement. In case of Parkinson’s disease,
it’s the basal ganglia which are affected. External cues
might facilitate the movement using other brain regions
[16]. The premotor cortex is activated with auditory and
visual cues. Normally SMA receives inputs from basal
ganglia, initiates self generated movement and perform
the previously learned repetitive movements. External
cues bypass the basal ganglia and directly activate
premotor cortex. Thus focus is shifted to more
conscious efforts other than the automaticity. It was
found that selection of particular type of cue was
dependent on its initial success [17].
This shows that the external cues are important. That
could be the reason why the control group did not show
any improvement. In this study the visual cues, in the
form of video were not effective. This finding is
consistent with the previous research which shows that
visual and virtual cues were not effective in Parkinson’s
patients [21]. In the present study visual cues were
virtual meaning were in the form of video clips and
hence may be the conscious efforts for the given tasks
were affected as patient also had to concentrate on
video simultaneously The potential interference is
especially highlighting considering that the visuospatioperceptual system must process both the visual cues and
the surrounding simultaneously [22,23,24].
Another explanation for the same could be open loop
explanation which was documented in previous study in
context to gait cycle. The findings of the association
among the walking gait changes and disease profiles are
consistent with the cognitive mechanisms underlying

the beneficial effects of visual cues. As the disruption of
the BG-SMA system increases with the progression of
PD, patients become more reliant on the use of vision to
move around. The For example, one possible benefit of
visual cues is that it may help PD individuals to focus
on their task [25-30] possibly by aiding the ability to
use cognitive mechanism and holding short-term
memory [31,32] or via greater cortical involvement
[29,33-37]. This mode avoids unwanted perception of
central or peripheral visual flow from the cues as in the
case of an open-loop system. In such a system, the cues
move independently of the subject’s motion with the
objective of assisting or inducing the visual system and
locomotor pattern generators [38]. The potential
benefits of open loop systems however, are nullified by
their obvious drawback. In open loop system person has
to face the challenge of challenge of performing the
quick activity while simultaneously creating conflicting
sensory inputs to the central integrative mechanisms
[39]. The capacity of the auditory system to enhance
motor performance is used in neurological therapies
[40] for rehabilitation purposes [41]. Different auditory
cues (for example, just a metronome tone, a metronome
tone embedded into music or just music), are combined
with musical parameters (such as rhythm or metre), to
emphasize the regular beats in the auditory rhythm.
These well-defined sensory cues help regulate timing
and pace in walking [41]. These cues may also act as a
‘timer” that helps to regulate the deficient internal
timing and rhythm formation processes in PD [42]. One
potential method to stimulate the putamen could be
music as a provider of an effective rhythmical cue. This
type of externally provided cue may be used as a
replacement to the ‘internal clock’ to facilitate
synchrony of movements [43].
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Other studies [44, 45] support the idea that external
cues (in particular rhythmical cues) can modulate the
activity within the impaired timing system. This may
mean that a regular rhythmic pulse stimulates the
putamen activity, facilitating movement and providing
an input for sequential movements and impaired
automaticity. Moreover, this could compensate for the
lack of dopaminergic stimulation.
Rhythm can be also perceived visually and through the
tactile sense, but the reaction time of the human
auditory system is shorter by 20–50 ms, when compared
to visual stimuli; [46]. Therefore, rhythm influences
the kinetic system (through synchronization and
adjustment of muscles to auditory stimuli), and auditory
cues [47–49].
All these hypotheses lead to the logical explanation of
auditory cues are effective in improving bradykinesia.
This is in consensus with previous study [50]. This
study was one time study with a small sample size and
no long term effects were assessed. Similar study can be
conducted on larger sample size with prospective
design and long term effects can be assessed.
Funding: Nil, Conflict of interest: Nil
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