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Abstract. [Purpose] The purpose of this study was to investigate the effect of muscle vibration applied to the low-

er extremities on static postural balance of patients with Parkinson’s disease (PD). [Subjects] Seven subjects with
Parkinson’s disease participated in this study. [Methods] The oscillators of vibration were attached to the muscle
bellies of the tibialis anterior, gastrocnemius, biceps femoris, and rectus femoris on both sides of the lower extremi-
ties with adhesive tape. A vibration frequency of 60 Hz was used to induce static postural reactions. Subjects’ center
of pressure (COP) sway and peak ground reaction force (GRF) were measured with their eyes open with and without
vibration. COP sway and peak GRF (Fx, Fy, Fz) were measured using a force plate (AMTI, Newton, USA), which
provides x, y and z coordinates of body movement. [Results] The area of COP sway with vibration was significantly
smaller than that with no vibration, but the length of COP sway showed no difference between two conditions. Peak
medial-lateral maximum force (Fy) with vibration was significantly higher than that with no vibration, but peak
anterior-posterior force (Fx) and peak vertical force (Fz) showed no differences. [Conclusion] These results suggest
that vibration applied to the lower extremities can help PD patients control postural balance during quiet standing.
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INTRODUCTION

Quiet standing postural balance is an indispensable fac-
tor for performing routine activities of daily livingV. The
maintenance of a quiet stance is a complicated task that re-
quires the integration of vestibular, visual and somatosen-
sory inputs from the whole body, for the assessment of the
motion and position of the body in space, and the ability to
generate forces to adjust body position?. Disorders in these
postural control systems often result in falls, and falls are a
potential risk, limiting activities of daily living of patients
with Parkinson’s disease?. Patients with Parkinson’s dis-
ease have problems maintaining balance and coordinating
goal directed movements®. In particular, the contributions
of proprioceptive feedback information to static position
and movement perception processing are decreased in pa-
tients with Parkinson’s disease®. Therefore, Parkinsonian
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patients have smaller than normal limits of stability when
asked to perform quiet standing®. Since the center of pres-
sure (COP) and ground reaction force (GRF) are very im-
portant variables for the maintenance of postural control,
we need to evaluate the COP sway and GRF as a clinical
method of functional assessment’ ).

Also, because movement disability is the main symp-
tom of patients with Parkinson’s disease, exercise train-
ing is very important, and a recommended intervention in
terms of exercise that helps functional rehabilitation and
decreases the side-effects of medications for Parkinson’s
disease® 19, However, it is difficult to develop a specific
therapeutic exercise for these symptoms which include hy-
pokinesia, tremor, and muscular rigidity'D.

Recently, various devices and exercise interventions
have been developed to replace the loss of self-motion in-
formation due to disease, injury or aging. Among these, the
application of vibration has been widely used to improve
the function of proprioception'?. Vibration improves stance
control and muscle performance of sedentary elderly wom-
en'?. However, Ross et al.'¥ reported that vibration applied
to young healthy individuals did not affect their static bal-
ance. Some studies have reported that vibration improved
the postural balance of patients with neurological injury,
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whereas the others have reported no difference. Therefore,
the effects of vibration remain controversial.

The purpose of this study was to investigate if the ap-
plication of vibration to the lower extremities affects the
quiet standing postural balance of patients with Parkinson’s
disease

SUBJECTS AND METHODS

Seven patients with Parkinson’s disease participated
in this study. The subjects had an average age of 61.82 +
5.57, an average height of 155.36 £ 3.71 cm, and an aver-
age weight of 60.15 + 4.38 kg. Approval for the study was
received from the institutional review board of National Ev-
idence-based Healthcare Collaborating Agency (PIRBI11-
015-1), and written informed consent was obtained from
each patient before the start of the study.

Eight vibrators (10 g, diameter of 1 cm) were made espe-
cially for this study. They were attached to the muscle bel-
lies of the tibialis anterior, gastrocnemius, biceps femoris,
and rectus femoris on both sides of the lower extremities of
the subjects. The subjects wore short pants to minimize ex-
ternal stimuli, and were barefoot. To identify the effects of
vibration stimuli on static postural balance, subjects asked
to stand on a force platform and measurement were made
with and without vibration applied to both of the lower ex-
tremities. The force platform (AMTI, Newton, MA, USA)
measured the center of pressure (COP) sway and ground
reaction forces (GRF) during quiet standing. The ampli-
fied force platform signals were sampled on-line at a rate of
1,000 Hz for 1 second and COP data (path length, path area)
and GRF (Fx, Fy, Fz) were calculated using BioAnalysis
(AMTI, Watertown, MA, USA). The independent t-test was
used to identify the significance of differences in the length
and area of COP sway and GRF (medial/lateral, anterior/
posterior, vertical force) between with and without vibra-
tion stimuli. Significance was accepted for values of p<0.05.

RESULTS

The length of COP sway of the Parkinson’s disease pa-

Table 1. Comparison of center of pressure sway between with
and without vibration

Variable Without vibration With vibration
Path length (mm) 1,419.36 (276.04) 1,425.31 (262.08)
Path area (m?) 266.66 (139.71) 122.19 (60.14)*

*significant difference between with and without vibration
(p<0.05)

tients was not significantly different between with and with-
out vibration (p>0.05), but the area of COP sway with vibra-
tion was significantly smaller than that without vibration
(p<0.05) (Table 1). For GRF, the medial-lateral maximum
force (Fy) with vibration was significantly higher than that
with no vibration (p<0.05), but the antero-posterior force
(Fx) and vertical force (Fz) showed no significant differ-
ences (Table 2).

DISCUSSION

Parkinson’s disease is characterized by tremor, pos-
tural reflex disorder, and rigidity, which increase the risk
of falls'>). The symptoms of Parkinson’s disease have been
implicated in several aspects of the postural control and lo-
comotor systems including the integration of sensory infor-
mation relevant for balance!®).

This study demonstrated the effects of vibration on the
postural balance of Parkinson’s disease patients in quiet
standing. Patients with Parkinson’s disease often have larg-
er than normal center of mass displacements in response
to external perturbations!”), and they have problems inte-
grating proprioceptive information for posture-movement
coordination®. Vibratory stimulation increases the afferent
signals generated by the muscle spindles creating a proprio-
ceptive illusion'®). Vibration can also evoke postural adap-
tation enhancing postural performance and reducing the
likelihood of imbalance!.

In our study of Parkinson’s disease patients, the area of
COP sway with vibration was significantly smaller and the
medial-lateral force (Fy) with vibration was significantly
higher than that of the no vibration condition. These results
are similar to those of previous studies which have reported
that vibration can affect postural reactions and creat pos-
tural kinesthetic illusions in standing subjects?% ). We be-
lieve that the decrease of the area of COP sway and the in-
crease of medial-lateral force induced by vibration indicates
a more rapid reaction to posture perturbation.

In conclusion, our results suggest that the application
of vibration stimuli to the lower extremities can help Par-
kinson’s disease patients to control postural balance during
quiet standing.
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Table 2. Comparison of ground reaction forces between with and without vibration

Variable Without vibration With vibration
Anterior-posterior (Y%BM) 0.00290 (0.00207) 0.00391 (0.00215)
Medial-lateral (%BM) 0.00338 (0.00257) 0.00604 (0.00234)*

Vertical (%BM)

1.03674 (0.07680)

1.03694 (0.07649)

*significant difference between with and without vibration (p<0.05)
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