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Abstract 

We investigated the postural sway in response to local vibratory stimulation applied to young, middle-aged and 
elderly people in the standing position. For this purpose we developed a variable-frequency vibratory stimulation 
device and measured the postural sway using a gravicorder. As a result, when the vibratory stimulation was applied 
to the gastrocnemius muscles, the center of pressure moved backward in all subject groups. We found that elderly 
people with low back pain may perform balance control using their trunks more than their lower legs. 
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1. Introduction 

Falls accidents and low back pain in the elderly are two 
common problems in modern Japanese society. Up until 
2009, over 1800 elderly people died from fall accidents 
per year.1 Low back pain is also a serious issue, but the 
causes are unidentifiable in 85% of patients.2 One 
possible factor is the problem of postural control 
involving voluntary and reflexive muscle responses, as 
suggested by one study in which it was reported that the 
elderly and people with low back pain have postural 
control problems involving deterioration of 
somatosensory receptors.3 

To detect the motion of the body and adjust 
voluntary and reflexive muscle responses, the balance 

system uses not only sensory information from visual 
and vestibular senses but also somatosensory receptors4 
that give superficial sensation and proprioceptive 
sensation. Moreover, proprioception in the leg and trunk 
muscles plays an important role in maintaining postural 
stability.5 Proprioceptive receptors have eigen response 
frequencies. Past studies have reported that when 
vibratory stimulations are applied, the postural sway in 
the standing position changes.6 Therefore, from the 
change of the postural sway during vibratory 
stimulations with various frequencies, we may be able 
to determine the cause of low back pain and falls and 
develop a treatment system for proprioception for 
recovery to solve these two problems. 

- 47 -



Ayaka Yamada, E
 

© The 2
 

On the ot
proprioceptio
decrease with
been observe
however, exa
in response to
different vibr
experimental 

Against s
research is 
proprioceptio
involves inve
vibratory stim
standing posi
stimulation an
and falls, whi
back pain and

In the wo
variable-frequ
measured the
aged, and eld
when in the s
pain and in
stimulation an

2.  Variable
device 

We develop
stimulation d
of a laptop co
and a switch 
wave signal 
the laptop co
regulating th
amplitudes o
of displacem
frequency ran
a holder. The
right gastrocn
lumbar multi
of the rubb
perimeters of
keep the push
use a Wii Ba
Balance Boar
for medical u

Eishi Nakamura, 

2015 Internati

ther hand, oth
on and vibratio
h aging.7 Mor
d in elderly p

amined the po
o local vibrat
ratory stimula
conditions.  

such a backg
to develop

on. To achiev
estigating post
mulation appl
ition, to find t
nd the body p
ich will help t
d falls.  
ork described 
uency vibrato
e postural swa
derly people t
standing posit
nvestigated th
nd the body p

e-frequency v

ped the v
device shown 
omputer, an au

for selecting
with an arbit

omputer is inp
he gain of 
f the vibrator

ment of the vib
nge is 30–400
e four vibrator
nemius muscle
ifidus (LM) w
er belts are 
f the body par
hing forces co

alance Board (
rd has been r

use.9 

 Noritaka Sato, Y

ional Conferen

her studies ha
on sensation i
reover, postura
eople.8 That s
stural sway of
tory stimulatio
ation devices 

ground, the fi
p a treatme
ve this goal,
tural sway in r
lied to human
the frequency
parts related t
to determine th

in this paper, 
ory stimulati

ay response of
to local vibra
tion. We focu
he frequencie
arts related to

vibratory sim

variable-freque
in Fig. 1. The
udio amplifie

g one of the v
trary frequenc
put to the aud

the audio 
rs can be chan
brators is 0–0
0 Hz. Each vib
rs are attache
es (GM) and t

with rubber be
adjusted ac

rts to which t
onstant. As a 
(Nintendo Co
eported to be

Yoshifumi Morita,

nce on Artifici

ave reported t
in the lower le
al instability h
study and othe
f each age gro
on applied us

under differ

inal goal of o
nt system 
, the procedu
response to lo
n subjects in 

of the vibrato
to low back p
he causes of l

we develope
ion device a
f young, midd
atory stimulati
sed on low ba
es of vibrato

o low back pai

mulation 

ency vibrato
e device consi
r, four vibrato

vibrators. A s
cy generated 

dio amplifier. 
amplifier, 

nged. The ran
0.8 mm, and 
brator is fixed
d to the left a
the left and rig
elts. The leng
ccording to 
they are fixed
gravicorder,

., Ltd.). The W
reliable enou

, Tadashi Ito, Yos

ial Life and R

that 
egs 
has 
ers, 
oup 
ing 

rent 

our 
for 

dure 
ocal 
the 
ory 

pain 
low 

ed a 
and 
dle-
tion 
ack 
ory 
in. 

ory 
ists 
ors, 
sine 

on 
By 
the 
nge 
the 

d to 
and 
ght 

gths 
the 

d to 
we 

Wii 
ugh 

3.

3.1

Th
po
ap
sta
de
Bo

3.2

Th
an
ag
46
ba
an
ba

shihito Sakai, Kaz

Robotics (ICAR

 Experimen

1. Purpose 

he purpose of
ostural sway 
pplied to youn
anding positio
evice that we d
oard.  

2.  Subjects

he subjects w
nd 13 females
ged people (13
6 elderly peop
ack pain (28 m
nd 28 elderly p
ack pain (10 m

Fig.1. Photogra

Fig

zunori Yamazaki 

ROB 2015), Ja

nt 

f the experim
response to l
g, middle-age
on by using 
developed, tog

were 25 health
s, aged 21.6 
3 males and 12
ple with lumba
males and 18 
people with lu

males and 18 fe

 
aph and block d
vibratory stimu

 

g.2. Subject we

an. 10-12, Oit

ment was to i
local vibrator

ed, and elderly
the vibrator

gether with th

hy young peo
±1.2), 25 he

2 females, age
ar spondylosi
females, age 

umbar spondy
females, age =

 

diagram of varia
ulation device. 

 

earing the devic

ta, Japan 

nvestigate the
ry stimulation
y people in the
ry stimulation

he Wii Balance

ple (12 males
ealthy middle
ed 46.0 ± 3.0)
is without low
= 73.8 ± 5.3)

ylosis with low
= 75.5 ± 5.1).

able-frequency 

ce. 

e 
n 
e 
n 
e 

s 
-
), 
w 
), 
w 

- 48 -



 Postural Response to Vibration 
 

© The 2015 International Conference on Artificial Life and Robotics (ICAROB 2015), Jan. 10-12, Oita, Japan 
 

Table 1. Measurement procedure 
 (GM: Gastrocnemius muscles, LM: Lumbar 

multifidus) 
 Frequency Body part where vibratory 

stimulation is applied 
Step 1 30 Hz GM 
Step 2 30 Hz LM 
Step 3 60 Hz GM 
Step 4 60 Hz LM 
Step 5 150 Hz GM 
Step 6 150 Hz LM 
Step 7 240 Hz GM 
Step 8 240 Hz LM 

3.3. Method 

The center of pressure (CoP) in postural sway while the 
subject stood still on the Wii Balance Board was 
measured as shown in Fig. 2. The subject stood barefoot 
on the Wii Balance Board with his/her feet together and 
his/her eyes open or closed. The subject was instructed 
to remain still and relaxed in the standing posture with 
his/her arms hanging loosely at his/her side.   

One measurement for each subject consisted of eight 
steps for the different vibration frequencies and the 
different body parts where the vibratory stimulation was 
applied. The measurement procedure is shown in Table 
1. An interval of 60 s was added after every step, during 
which each subject sat resting in a chair. Figure 3 shows 
the experimental procedure in one step. The time 
needed for one step was 75 s. One step consisted of five 
sections, namely, “EO”, “EC”, “Pre”, “Dur” and “Post”. 
The time needed for one section was 15 s. In the EO-
section, the subject looked at a marker on the wall. In 
the EC-section and the Pre-section, the eyes were closed. 
Only in the Dur-section, the vibratory stimulation was 
applied to the subject with the eyes closed. In the Post-
section, the subject's eyes were closed.  

The vibratory stimulation was applied alternately to 
the two muscles (GM and LM). The amplitude of the 
vibration was set to 0.8 mm. The frequencies were set to 
30, 60, 150, and 240 Hz. It is well-known that the eigen 
response frequencies of Meissner’s corpuscle, muscle 
spindle, and the corpuscle of Vater-Pacini are 30 Hz, 60 
Hz, and 240 Hz, respectively.10  

3.4. Experimental results 

We paid attention to the Pre-section and the Dur-section 
in order to analyze postural sway during local vibratory 
stimulation in the standing position. For this purpose we 
used two parameters related to the CoP, namely, the 
anterior movement of the CoP (MY), and the relative 
proprioceptive weighting (RPW) ratio. ΔMY is defined 
as the difference between the mean values of the 

anterior displacement of the CoP in the Pre-section and 
the Dur-section, which is given by 

DurPre MYMYMY  ,                       (1) 

where 
 
 

)0()()(

)(Mean

)(Mean

CoPCoPCoP

CoPDurDur

CoPPrePre

ykykY

kYMY

kYMY





 

Here, Meanxx{ ･ } denotes the mean of { ･ } during XX,  
yCoP(k) is the y-displacement of the CoP, k represents the 
sample index, and  yCoP(0) is the value of yCoP(k) at the 
start of measurement. MY is calculated in each step. 
MYGM and ΔMYLM denote the ΔMY values for the 
gastrocnemius muscles and lumbar multifidus, 
respectively. The RPW ratio is defined by 
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Fig.3. Experimental procedure. 
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As the RPW ratio approaches 100%, GM is used more 
than LM in motor control during quiet standing. This 
means that a lower leg-steered strategy is used in motor 
control. As the RPW ratio approaches 0%, this means 
that a trunk-steered strategy is used in motor control. 

The experimental results are shown in Fig. 4, which 
shows the relationship between the frequency and MY, 
and the relationship between the frequency and the RPW 
ratio.  

3.5.  Discussion 

Fig. 4(a), (d), (g) and (j) show that when the 60 Hz 
vibratory stimulation was applied to the GM, the CoP 
moved backward in all subject groups. This result is 
similar to the results obtained in previous studies6,7. 
Therefore, the proposed vibratory stimulation device 
and the experimental method using the developed 
device were confirmed to be effective in measuring the 
postural sway during local vibratory stimulation. 
Moreover, Fig. 4(a), (d), (g) and (j) show that when the 
vibratory stimulations with the frequencies of 30 Hz, 
150 Hz, and 240Hz were applied to the GM, the CoP 
also moved backward in all subject groups. 

On the other hand, Fig. 4(b), (e), (h) and (k) show 
that when the vibratory stimulations were applied to the 
LM, the CoP moved backward or frontward regardless 
of the change of frequency. This means that the 
biological response to vibration is uncertain.  

Fig. 4(l) shows that as the frequency increased, the 
RPW ratio decreased. This response is a characteristic 
seen only in elderly people with low back pain. The 
same tendency was not seen in the other subject groups, 
as shown in Fig. 4(c), (f) and (i). This means that the 
RPW ratio does not depend on the frequency. Therefore, 
the results for the RPW ratios suggest that elderly 
people with low back pain performed balance control 
using their trunk more than their lower legs when 
vibratory stimulation with higher vibration frequency 
was applied. 

4. Conclusion 

In this paper, we investigated the postural sway in 
response to local vibratory stimulation applied to young, 
middle-aged, and elderly people in the standing position. 
For this purpose we developed a variable-frequency 

vibratory stimulation device and measured the postural 
sway according to our experimental method. 

As a result, we found that our device and the 
experimental method were effective in measuring the 
postural sway during local vibratory stimulation. 
Moreover, from the result for the RPW ratio, we found 
that elderly people with low back pain used a trunk-
steered strategy in motor control. 

Future work related to this study will be to analyze 
the relationship between the postural sway and falls, to 
determine the causes of low back pain and falls through 
additional experiments, and to develop a treatment 
system for proprioception.  
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(a) MY with stimulation of GM in 

healthy young people. 

 

(b) MY with stimulation of LM in 
healthy young people. 

(c) RPW ratio in healthy young people.

 
(d) MY with stimulation of GM in 

healthy middle-aged people. 

 

(e) MY with stimulation of LM in 
healthy middle-aged people. 

(f) RPW ratio in healthy middle-aged 
people. 

 
(g) MY with stimulation of GM in 

elderly people without low back 
pain. 

 

(h) MY with stimulation of LM in 
elderly people without low back 
pain. 

(i) RPW ratio in elderly people without 
low back pain. 

 
(j) MY with stimulation of GM in 

elderly people with low back pain. 
(k) MY with stimulation of LM in 

elderly people with low back pain. 
(l) RPW ratio in elderly people with 

low back pain. 

 
Fig.4.   Frequency dependence of MY and RPW ratio. 
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