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The Effects Of Trunk Sensory Stimulation Training
On Standing Balance Performance In The Elderly
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Abstract— Purpose: Posture becomes unstable with aging
due to decline in both motor and sensory function, resulting in
increased risk of injury, hospitalization, or even mortality due
to falls. The tactile sensation of the trunk will also be important
in standing balance. The purpose of the study was to reveal the
characteristics of vibratory sensation function in the lumbar
region of the trunk in elderly people using a new vibration
device that we developed, and to verify the effects of trunk
tactile sensation training on standing balance performance in
elderly people.

Methods: The elderly subjects were divided randomly into
two groups, the control group and the lumbar training group,
and general information including age and past history of falls
was collected in each group. Lumbar region vibratory sensation
training was carried out for 10 weeks. The subjects were elderly
people aged 65 or over, who were divided into the training
group and the control group for comparison and analysis.
Balance was measured as static balance and dynamic balance,
and vibratory sensation was evaluated as the rate of correct
responses.

Results: In the results, the lumbar training group showed
improvement over time in correct response rate. A strong
correlation was found between lumbar vibratory sensation and
dynamic balance performance, which is related to the causes of
falls.

Conclusion: These results suggested that a trunk training
may contribute to improved dynamic balance performance. It
may be concluded that tactile sensation in the trunk is
particularly important for avoiding falls when standing or
walking.

Index Terms— trunk tactile sensation, sensory training, new
vibratory device, dynamic standing balance ability, the elderly.

. INTRODUCTION

Posture becomes unstable with aging due to decline in
both motor and sensory function, resulting in increased risk of
injury, hospitalization, or even mortality due to falls [1].
There has been a report that one third of all elderly people in
the United States suffer falls every year [2], and in Japan the
rate of falls among the elderly every year is reported to be
over 20% [3]. In particular, fractures due to falls are a major
factor in elderly people starting to need care, and gait and
balance disorders accompanying decline in muscle strength
are a risk factor for falls [1].

The most frequently used technique to evaluate the ability
of static and dynamic postural stability, is the measurement of
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the position and displacement of the center of pressure (COP)
by using a force plate as a clinical assessment [4, 5]. Static
balance is the ability to maintain postural stability and
orientation with center of mass over the base of support and
body at rest. Dynamic balance is the ability to maintain
postural stability and orientation with center of mass over the
base of support while the body parts are in motion [6].

Accurate sensory information from the soles of the feet is
essential for control of standing balance [7]. In a prior study,
we developed a device for evaluating vibratory sensation [8].
Using this device, we have shown that sensory function in the
toes and the soles is lower in elderly people than in young
people, and that sensation in the soles of the feet affects
standing balance [9-11]. Other studies have reported that this
tactile sensation of the legs is related to standing balance
performance [12,13].

In addition to the soles of the feet, standing balance is also
greatly affected by movement of the center of gravity, which
is present in the trunk (in the region of the pelvis) when
standing [14]. For this reason, there have been a number of
studies focusing on the effects of trunk function on sitting and
standing balance [15-17]. Just as foot sole sensation is an
important element in standing balance, it may also be
conjectured that tactile sensation of the trunk will also be
important in standing balance. However, virtually no studies
of the effects of tactile sensation of the trunk on standing
balance can be found.

Balance training is used as a means to prevent falls in the

elderly, and this is mainly an exercise intervention. A variety
of intervention programs have been developed for muscle
strength training mainly for the legs and the trunk, postural
balance training, and gait training [18-21]. Thus, the most
common approach to preventing falls is to maintain or
improve balance performance through motor function
training. However, there have been very few studies of
methods to improve balance performance through training of
the sensory function aspects, which are an important element
in maintaining standing balance performance.
The present study therefore aims to reveal the characteristics
of vibratory sensation function in the lumbar region of the
trunk in elderly people using a new vibration device that we
developed, and to verify the effects of trunk tactile sensation
training on standing balance performance in elderly people.

Il. MATHODS

A. Subjects
The subjects were 15 elderly people. The selection
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Fig. 1 Placement of lumbar region vibrators in the belt.

standards for the participants were those who had not fallen
over during the previous year, those who had not suffered
serious pain and musculoskeletal or neurological damage,
those who were not on medication that might impair balance.

The subjects were divided randomly into two groups, the
control group and the lumbar training group, and general
information including age and past history of falls was
collected in each group. The control group comprised eight
subjects (mean age 67.0 years) and the lumbar training group
comprised seven subjects (mean age 70.2 years). Vibratory
sensation in the lumbar region was evaluated in both groups
using the vibratory stimulation device that we developed. In
addition, standing balance was evaluated using a force plate
(Kyowa Electronic Instruments Co., Ltd.). To evaluate the
effects of vibratory sensation training in the lumbar region on
standing balance, a training period (10 weeks) was
established for the lumbar training group, and after
completion of the training, vibratory sensation and standing
balance were evaluated in the same way as in the initial
evaluation.

This study was performed in compliance with the ethical
principles of the Declaration of Helsinki. The subjects agreed
to participate in the study after receiving explanations of the
purpose and procedures of the experiment, and they signed an
informed consent statement before participation. The
protocol for this study was approved by the ethics committee
of the University of Tokyo (N0.15-248).

B. Evaluation of lumbar region vibratory sensation

Vibratory sensation in the lumbar region was evaluated
using the vibratory stimulation device that we developed. The
vibrators used in the vibratory stimulation device were small
vibration motors (Kyowa Electronic Instruments Co., Ltd.) of
a type commonly used in mobile telephones. The voltage of
the vibrator used in this study was equal to or less than 3 V.
The vibrator device never actually touched the skin of the
subjects directly. The system used a one-chip microcomputer
(PIC16F84A) to control the eight vibrators. The system can
produce mechanical vibrations up to 100 Hz. The nine
vibrators were placed on a belt worn around the waist. The
time for the stimulus to travel to all points was limited to 1 s
in all patterns.
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Fig. 2 Sensory evaluation in th

Vibratory stimulation was delivered to the lumbar region
by means of a belt worn around the lumbar region which was
fitted with nine vibrators arranged in a pattern 15 cm
vertically x 20 cm horizontally, and subjects were instructed
to respond whether or not there was any vibratory stimulation
(Fig.1, 2). For a single trial, subjects were presented with 35
vibratory stimuli, and one trial was carried out on each of the
left, center, and right of the trunk, a total of 105 stimuli. There
were three patterns of vibration: stimulation in zero sites,
stimulation in one site, and simultaneous stimulation in two
sites, and these were presented randomly. In addition, for
simultaneous stimulation in two sites, the two vibrators were
placed vertically, horizontally, and diagonally (Fig.1).
Subjects were instructed to respond whether the stimulation
was given in “zero sites,” “one site,” or “two sites.” To avoid
any visual or auditory influence, subjects were seated and
wore an eye mask and headphones for the evaluation.

C. Evaluation of standing balance using a force plate

For evaluation of static balance, subjects stood on a force
plate (Kyowa Electronic Instruments Co., Ltd.) for 30 s. The
device used to evaluate standing balance was a force plate
(Kyowa Electronic Instruments Co., Ltd.), which measured
body sway parameters. The force plate contained four
transducers, one in each corner of the force plate, to measure
vertical forces indicating the postural sway. The signal from
the transducers was amplified and then digitized by a
computer. The computer program provided several indices of
body sway calculated from the center of pressure. The chief
body sway indices were area within the sway path (area, mm?)
of the left-right and anterior-posterior co-ordinates of the
center of pressure. The accuracy and hysteresis of the force
plate were + 1% and + 0.1%, respectively. The sampling rate
of the force plate was 100 Hz.

Sway of the center of gravity was calculated from the force
plate data by multiplying the distance of antero-posterior
travel of the center of gravity by the distance of left-right
travel of the center of gravity, to give a rectangular area
(mm? which was used for analysis. For evaluation of
dynamic balance, the limits of stability (LoS) in the forward,
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Fig.4 The mean rate of correct answer of vibratory sensation

at the lumbar portion by a vibratory stimulation with one site.
LG: The lumbar training group, CG: The control group, initial eva: The
initial evaluation, post eva: The post-training evaluation

backward, leftward, and rightward directions were measured
[22]. For this test, the maximum displacement of the center of
gravity in the forward, backward, leftward, and rightward
directions that could be maintained without changing the foot
position while standing upright with the knees extended was
measured. This test was performed with subjects standing
barefoot with the arms at the side of the body, while looking
at a marker placed 1.2 m to the front (Fig.3).

D. Details of the lumbar training

The lumbar training group was given stimulation training
for lumbar region sensation for 10 weeks after the initial
evaluations. Following the training period, the lumbar
training group was again subjected to the evaluations outlined
in 11-2 and 11-3 above. Lumbar training was carried out in the
lumbar training group by delivering vibratory stimulation to
the back of the trunk in order to train sensation to vibratory
stimulation. The training was carried out with two vibratory
sensation test tuning forks (128 Hz). Using the tuning forks, a
researcher randomly applied vibratory stimulation to one or
two of a total of 20 sites, each site 5H x 5W cm, arranged five
horizontally by four vertically on the
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Fig.5 The mean rate of correct answer of vibratory sensation

at the lumbar portion by a vibratory stimulation with two sites

to vertical direction.
LG: The lumbar training group, CG: The control group, initial eva: The
initial evaluation, post eva: The post-training evaluation
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Fig.6 The mean rate of correct answer of vibratory sensation
at the lumbar portion by a vibratory stimulation with two sites
to horizontal direction.

LG: The lumbar training group, CG: The control group, initial eva: The
initial evaluation, post eva: The post-training evaluation

lumbar region of the subject, and the subject responded when
they felt the stimulation. The training was carried out for 15
min at a time, three or more times a week.

E. Statistical analysis

The items for analysis from the force plate were the area of
sway of the center of gravity and the data from four directions
in the LoS test, and the items for analysis from the sensory
test were the responses from stimulation of one site and
stimulation of two sites (arranged vertically, diagonally, and
horizontally). For statistical analysis, the t-test and the
Mann-Whitney test were used to compare the evaluation data
of the control group and the lumbar training group (initial
evaluation), and the control group and the lumbar training
group after completion of training. In addition, initial
evaluation and post-training evaluation data for the training
group were compared by means of a paired t-test and the
Wilcoxon signed-rank test. The level of significance was set
at 5%.

In addition, a multiple regression analysis was carried out
with dynamic center of gravity sway data (seven values from
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Fig.7 The mean rate of correct answer of vibratory sensation
at the lumbar portion by a vibratory stimulation with two sites

to diagonal direction.
LG: The lumbar training group, CG: The control group, initial eva: The
initial evaluation, post eva: The post-training evaluation
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Fig.8 The mean area of body sway static standing balance by

using the force plate.
LG: The lumbar training group, CG: The control group, initial eva: The
initial evaluation, post eva: The post-training evaluation

the LoS test: value for each of the four directions, total value
for the four directions, total of anterior-posterior values, and
total of left-right values) as dependent variables, and static
center of gravity sway data (root mean square of area) and rate
of correct responses in sensory tests as independent variables.
For rate of correct responses, the multiple regression analysis
was performed with respect to correct responses for
stimulation of one site, two sites (arranged vertically,
diagonally, and horizontally), and zero sites, and the test
overall. Selection of variables was carried out by means of the
stepwise method. The level of significance was set at 5%.

I1l. RESULTS

Participation of seven subjects in the lumbar region
training was planned at the start of the study, but due to poor
health only four subjects (mean age 71.0) were able to carry
out the training.

A. Vibratory sensation evaluation
In the vibratory sensation evaluation of the lumbar region,
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Fig.9 Mean maximum displacement values with the body
inclined in forward direction when standing as an assessment
of dynamic standing balance.

LG: The lumbar training group, CG: The control group, initial eva: The
initial evaluation, post eva: The post-training evaluation

mm
120 [mm] x *: p<0.05

100

. T -
0 ] 1 l
.

20

Ca LG LG
initial-eva post-eva
Fig.10 Mean maximum displacement values with the body
inclined in backward direction when standing as an

assessment of dynamic standing balance.
LG: The lumbar training group, CG: The control group, initial eva: The
initial evaluation, post eva: The post-training evaluation

the results of the initial evaluation (first test) of the lumbar
training group (four persons) showed that the mean rate of
correct responses with one site stimulated was approx. 82%
(Fig.4). When two sites were stimulated, the mean rate of
correct responses was approx. 64% for two sites arranged
vertically (Fig.5), approx. 69% for two sites arranged
horizontally (Fig.6), and approx. 52% for two sites arranged
diagonally (Fig.7). The results of the post-training evaluation
(second test) of the lumbar training group showed that the
mean rate of correct responses with one site stimulated was
approx. 93% (Fig.4). When two sites were stimulated, the
mean rate of correct responses was approx. 72% for two sites
arranged vertically (Fig.5), approx. 68% for two sites
arranged horizontally (Fig.6), and approx. 79% for two sites
arranged diagonally (Fig.7). In the control group (eight
persons), the evaluation was only carried out once, and the
results showed that the mean rate of correct responses with
one site stimulated was approx. 84% (Fig.4). When two sites
were stimulated, the mean rate of correct responses was
approx. 44% for two sites arranged vertically (Fig.5), approx.
49% for two sites arranged horizontally (Fig.6), and approx.
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Fig.11 Mean maximum displacement values with the body
inclined in rightward direction when standing as an

assessment of dynamic standing balance.
LG: The lumbar training group, CG: The control group, initial eva: The
initial evaluation, post eva: The post-training evaluation

44% for two sites arranged diagonally (Fig.7).

Statistical analysis found no significant differences
between the two groups or within the training group as a
result of the trunk sensation training. However, the correct
response rate when one lumbar site was stimulated rose to
over 80% after training, an increase of 1.2-fold with respect to
the pre-training value. The correct response rate when two
sites were stimulated was over 60%, and with two sites
arranged vertically there was a significant increase with
respect to the control following training. With respect to the
pre-training value, the post-training value showed a 1.1-fold
increase with two sites arranged vertically and a 1.5-fold
increase with two sites arranged diagonally. With two sites
arranged horizontally there was no change, indicating no
trend toward improvement.

B. Evaluation of standing balance performance with a
force plate

Static balance (standing still) performance evaluation
(Fig.8)

In the initial evaluation, the area of sway of the center of
gravity was 82 mmz2 in the control group and about 145 mm2
in the lumbar training group. In the post-training evaluation,
the area of sway of the center of gravity was about 96 mm2 in
the lumbar training group. Statistical analysis of the static
balance data showed no significant differences between the
control group and the lumbar training group, and no
differences within the lumbar training group between the
initial evaluation and the post-training evaluation.

Dynamic balance performance evaluation

Dynamic balance was evaluated from mean maximum
displacement values with the body inclined in forward,
backward, rightward, and leftward directions when standing.
In the initial evaluation, the maximum displacement values in
the control group were approx. 60 mm forward (Fig.9), 54
mm backward (Fig.10), 60 mm rightward (Fig.11), and 57
mm leftward (Fig.12). The maximum displacement values in
the lumbar training group were approx. 79 mm forward
(Fig.9), 78 mm backward (Fig.10), 74 mm rightward
(Fig.11), and 88 mm leftward (Fig.12). In the post-training
evaluation,
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Fig.12 Mean maximum displacement values with the body
inclined in leftward direction when standing as an assessment

of dynamic standing balance.
LG: The lumbar training group, CG: The control group, initial eva: The
initial evaluation, post eva: The post-training evaluation

the maximum displacement values in the lumbar training
group were approx. 80 mm forward (Fig.9), 85 mm backward
(Fig.10), 83 mm rightward (Fig.11), and 82 mm leftward
(Fig.12). Statistical analysis of the dynamic balance data
showed a significant difference in forward displacement
between the control group and the lumbar training group at
initial evaluation, and a significant difference in backward
displacement between the control group and the lumbar
training group at post-training evaluation.

The foregoing indicates that after 10 weeks of training,
there was a significant difference with respect to the control
group in some of the lumbar training group force plate data,
and that overall, the lumbar training group showed a tendency
toward improvement. Within the lumbar training group, the
force plate data showed an overall tendency toward
improvement following the training.

Furthermore, with the LoS test data of the lumbar training
group taken as the dependent variable, the rate of correct
responses in lumbar vibratory sensory tests showed a
significant association as an independent variable. In
particular, with total forward and backward limit of stability
test value and rate of correct response for lumbar stimulation
with two sites arranged vertically, significant simple
regression equations were found at both initial evaluation and
post-training evaluation, as follows.

Initial:

total antero-posterior LoS test value =
lumbar two sites vertically

(p<0.05) simple correlation coefficient r=0.566

Post-training:

total antero-posterior LoS test value = 70.418+1.163 X
lumbar two sites vertically

(p<0.05) simple correlation coefficient r=0.567

79.20+1.02 x

IV. DISCUSSIONS

With the vibratory sensation training, there were no
significant differences between the two groups and no
significant differences pre- and post-training within the
lumbar training group, but the correct response rate with
stimulation of two sites was lower than with stimulation of
one site. This is similar to the finding that there is a tendency
in elderly people toward decrease in sensitivity to vibratory
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stimulation in threshold tests for vibratory stimulation
delivered to the legs [8, 10, 23]. However, as a result of the
training, the post-training evaluations showed a 1.1-fold
increase with two sites arranged vertically and a 1.5-fold
increase with two sites arranged diagonally with respect to the
pre-training values. There was a trend with the vibratory
sensation stimulus training for a greater increase in the
correct response rate with stimulation of two sites than the
correct response rate with stimulation of a single site. The
results show that vertical and diagonal pairs of stimuli are
more readily sensed than horizontal pairs of stimuli, which is
the same as the results reported for touch-pressure sensation
tests with the fingers [24, 25]. The improvement in trunk
tactile sensation function shown by the increase in correct
response rate for two sites may perhaps be important in
postural control. In particular, it has been reported that
simultaneous stimulation of two sites requires more complex
processing than single stimulation of one site, and hence is
more difficult for elderly people to perceive [26, 27].

The mechanoreceptors that react to simultaneous
stimulation of two sites are likely to affect spatial resolution
and postural changes. Improvement in sensing and reacting to
stimulation of two sites may therefore allow a person to
perceive movements of the center of gravity and thus to
control posture, meaning that trunk sensory training may be
important for postural control.

In the investigation of standing balance, no significant
differences in static balance were seen between the groups. In
the LoS test, which is a test of dynamic balance, forward and
backward displacement in the training group showed
significant increase with respect to the control group after 10
weeks of training. This suggests that trunk training may
contribute to improved dynamic balance performance.
Stimulation for the sensory training was delivered by means
of randomly shifting vibratory stimuli. This training of
vibratory stimulation in the lumbar region may have made the
region more sensitive to the dynamic movements of the trunk
and the center of gravity line; thus, subjects undergoing
lumbar training became better able to control trunk
movements.

In the present study, the results of the logistic regression
analysis showed an association between correct response rate
with stimulation of two sites vertically and the forward and
backward displacement values in the LoS test, but equations
were only found for total antero-posterior movement of the
center of gravity, which is easy to comprehend as movement
of the trunk, and vertically paired stimulation of the lumbar
region, which had a good rate of correct responses. A number
of prior studies have reported that tactile sensation such as
touch-pressure sensation and vibratory sensation are
important in relation to standing balance and gait
performance [28-30]. There are also reports that the reactions
to tactile sensation are dominant over reactions to visual and
vestibular sensations as reactions for postural control [31, 32]
. From this, it may be concluded that tactile sensation in the
trunk and legs is particularly important for avoiding falls
when standing or walking. The high correlation between
tactile sensation of the trunk and dynamic center of gravity
data in the present study points to the importance of trunk
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sensory training as training for prevention of falls.

As an area for future investigation, we intend to investigate
the effects of vibratory stimulation training on brain function,
which will include examination of the superiority of the
effects on standing balance of a lumbar training group and a
plantar training group, examination of the effects on standing
balance of long-term sensory training of 12—14 weeks with a
larger sample size, examination of gender differences, and
examination of the specifications of the vibratory device,
including miniaturization and vibratory stimulation at
different frequencies.

V. CONCLUSIONS

These results suggested that a trunk training may
contribute to improved dynamic balance performance. It may
be concluded that tactile sensation in the trunk is particularly
important for avoiding falls when standing or walking.
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