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Abstract. Falls are acommon problem among elderly persons, but the training for the fall prevention is
not well established. Therefore, the effectiveness of toe grasp training was examined in this study.
Spontaneous postural sway was tested on elderly persons (N=19) with eyes open and eyes closed. Using
aforce plate, sway responses were quantified in terms of the total track length, the environmental areas,
the maximum amplitude distance of X-axis, and the maximum amplitude distance of Y-axis. The data
was compared between the toe grasp training group and the control group. Total track length (eyes open
and eyes closed), environmental areas (eyes open) and maximum amplitude distance of X-axis (eyes
open and eyes closed) were improved significantly in the toe grasp training group. The activation of foot
mechanoreceptors and improvements of the eye-leg coordination were thought to be factors in this

improvement and toe grasp training is expected to be effective for fall prevention of the aged.
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INTRODUCTION

About one third of the aged residing at home are
said to have experienced one or more falls, and ten
percent of them are said to have suffered bone frac-
turest 2, In particular, eighty percent of hip
fractures result from falls3. A year after the date
of fracture, the death rate for those who have suf-
fered a fracture increases by three times compared
with those who have not experienced fracture?.
Even if the fall does not actually result in a frac-
ture, it triggers the fear of falling. Subsequently,
such trauma may restrict elderly persons from en-
gaging in their daily activitiesd).

Dangerous factors leading to afal include physi-
ological, cognitive, and environmental factors.
Physical adjustment to the environment factor is

now taken as a major preventive approach against
afall. However, with the aging of society and an
increase in the life span, other alternative ap-
proaches should be considered in dealing with this
problem.

According to lhare), toe grasp training increased
the postural adjustment function in an experiment
involving university students. The training is
simple and safe, so it is safely applicable even to
the aged. Thus, in this experiment, we examined if
the training can actually prevent afall by evaluat-
ing the amount of spontaneous postural sway,
while standing, occurring at the center-of-gravity
(center of foot pressure).

METHOD

Thirty (15 men and women) nursing home resi-
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dents were selected as subjects for this experiment.
The criteria of these test subjects was that they
were neither affected with paralysis nor dementia
and could stand still in a stationary upright position
for one minute or more. Before the experiment
was conducted, the purpose and content of the re-
search was explained to each subject, and their
agreement to participate in the study was obtained.
The subjects were randomly divided into the train-
ing group and the control group. By confirming
that there was no difference in the spontaneous
postural sway measurement result and the average
age of the test subjects, the training began.

Toe grasp training

For the training group, the following training us-
ing the toes was executed for 10 minutes, 3 times a
week for 8 weeks: i) gathering a towel attached to
aweight (Fig. 1-A); ii) passing the bean bags from
one place to another (Fig. 1-B). While this particu-
lar activity was conducted on the training group,
the control group participated in group physical ex-
ercise instead. For reasons of defective physical
conditions and discharge, 9 people from the train-
ing group (average age, 77.8 + 2.8 years old; 3
men and 6 women) and 10 people from the control
group (average age, 76.78 + 5.2 years old; 6 men
and 4 women) were able to complete the experi-
ment.

Spontaneous postural sway measurement

The spontaneous postural sway was measured by
posturography with a Gravicorder GS-10 (Anima
Co.) before and after the training. Each of the test
subjects was asked to stand with both feet, bared,
set apart by 20 cm, measured from the inside of
each foot. Using a sampling frequency of 20 Hz
carried out for 20 sec, the measurement was con-
ducted for the following two cases: i) when each
subject stared at an object 1.5 m ahead with the
eyes open, and ii) after the oscillation subsided un-
der a condition of the eyes closed while the subject
wore an eye mask. This measurement was per-
formed three times respectively with breaks in
between, and the average values thus obtained were
adopted as the measured data.

The parameters of the experiment included: total
track length of open eyes (LNG-O) and total track
length of closed eyes (LNG-C); the environmental
areas of open eyes (ENV-0) and the environmental
areas of closed eyes (ENV-C); maximum ampli-

Fig. 1. Toegrasptraining. A: Gathering atowel attached
to aweight, B: Passing bean bags.

tude distance of X-axis of open eyes (XD-O) and
maximum amplitude distance of X-axis of closed
eyes (XD-C); maximum amplitude distance of Y-
axis of open eyes (Y D-O) and maximum amplitude
distance of Y-axis of closed eyes (YD-C). In ref-
erence to the data taken from the 19 subjects
completing the experiment, an average of each test
item, in respect to each target group, was calcu-
lated by using the corresponding t-test. Results
were considered statistically significant when the P
value was 0.05 or less. Table calculation software
(Microsoft Excel 98 for Macintosh) was used for
statistical processing.

RESULTS

Data comparison of control group (Table 1)
Significant differences were seen in the follow-
ing test items: total track length of closed eyes
(pre-training 27.65 + 6.82 cm; post-training 33.49
+ 8.15 cm) and environmental areas of open eyes
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Table 1. Data comparison of control group

pre-training post-training p-value
LNG-O (cm) 21.31+4.32 2454 + 5.79 N.S.
LNG-C (cm) 27.65 *+ 6.82 3349+ 8.15 P<0.01
ENV-O (cm?) 0.33+£0.23 0.54 £ 0.30 P<0.05
ENV-C (cm?) 0.39+0.21 0.51+0.29 N.S.
XD-O (cm) 0.80+ 0.34 0.95+0.24 N.S.
XD-C (cm) 172+ 041 2.03+0.30 N.S.
YD-O (cm) 0.83+ 0.32 0.98 + 0.52 N.S.
YD-C (cm) 2.32 £ 0.62 2.44 + 0.58 N.S.

Mean + SD, N=10. LNG: total track length, ENV: environmental
area, XD: maximum amplitude distance of X-axis, YD: maximum
amplitude distance of Y-axis, O: eyes open, C: eyes closed.

Table 2. Data comparison of training group

pre-training post-training p-value
LNG-O (cm) 26.18+ 7.26 21.94+514 P<0.05
LNG-C (cm) 35.13 + 13.89 25.83+ 7.18 P<0.05
ENV-O (cm?) 099+ 0.75 041+024 P<0.05
ENV-C (cm?) 1.02+ 097 057+0.71 N.S.
XD-O (cm) 127+ 046 0.87+0.21 P<0.01
XD-C (cm) 251+ 0.76 1.90 + 0.67 P<0.01
YD-O (cm) 144+ 0.86 1.39+ 1.09 N.S.
YD-C (cm) 259+ 114 230+ 0.85 N.S.

Mean + SD, N=9. LNG: total track length, ENV: environmental area,
XD: maximum amplitude distance of X-axis, YD: maximum ampli-
tude distance of Y-axis, O: eyes open, C: eyes closed.

(pre-training 0.33 + 0.23 cm?; post-training 0.54 +
0.30 cm?). Each of the results showed an increase
in the numerical value.

Data comparison of training group (Table 2)

Significant differences were seen in the follow-
ing test items: total track length of open eyes
(pre-training 26.18 = 7.26 cm; post-training 21.94
+ 5.14 cm); total track length of closed eyes (pre-
training 35.13 + 13.89 cm; post-training 25.83
7.18 cm); environmental areas of open eyes (pre-
training 0.99 + 0.75 cm?; post-training 0.41 + 0.24
cm?); maximum amplitude distance of X-axis of
open eyes (pre-training 1.27 + 0.46 cm; post-train-
ing 0.87 £ 0.21 cm); maximum amplitude distance
of X-axis of closed eyes (pre-training 2.51 + 0.76
cm; post-training 1.90 = 0.67 cm). Overdl, a de-
crease in the numerical value was seen in each test
item.

No significant difference was seen between the
change rate of open and closed eyes.

DISCUSSION

There is a significant correlation between spon-
taneous postural sway and afall. It is documented
that postural imbalance is a major factor for fall-
ers’ 8. From the results, it can be seen that the
values of total track length and the environmental
areas have decreased in the training group. In ad-
dition, the results show that the training group had
an improvement in the spontaneous postural sway.

Maki et al.9 assumed that the maximum ampli-
tude distance of X-axisis afactor that forecasts a
fall in the future. The results this time show better
influence on the maximum amplitude for the X-
axis than the Y-axis, thereby suggesting that toe
grasp training for the aged could be used as a pre-
ventive strategy against a fall.

Ihara® observed that toe grasp training triggers
the mechanoreceptor located at the bottom of the
foot and the muscular reaction of the lower [imbs,
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leading to an improvement in postural adjustment.
Physical, visual, and vestibular senses are the nec-
essary requirements for maintaining postural
balance, but the aged become more dependent on
sight as they become much olderl®. Such ap-
proaches to the physical senses are effective for the
aged, and a factor in the improvement of eye-leg
coordination might result from toe group training,
since in the current results, there were no apparent
differences the closed eye condition and the open
eye condition.

Furthermore, to carry out the basic training done
in this study on aclinical basis for along period of
timeis difficult, thus the following three-step train-
ing has been implemented:

Pre-training Exercise: There is a decreasing
flexibility of the ankle and toe joints seen in
the aged. They are instructed to turn their
ankles, but extra attention is necessary for
those whose lower limbs turn at the same time.
For these people, transitive movement such as
self-transitive joint exercise and physical
therapy should be conducted.

Basic Training: Have individual subjects en-
gage in activities such as pulling the towel and
passing the bean bags individually.

Practical Training: Have individual subjects
engage in activities such as tug-of-war (using
a towel), passing bean bags, and snake lunge
(throwing of the bean bags) in aform of game
or group. Itisdifficult to hold thistraining for
along time unless it is implemented as a part
of therapeutic recreational activity or occupa
tional therapy.

In conclusion, further clinical trials should be
conducted to show whether toe grasp training can
be used as a preventive measure against afall. In
particular, Horak et al.1V) attached importance to
the dynamic postural sway as a predictive fall fac-
tor rather than the spontaneous postural sway.

Hosoda et al.12.13) also observed that footwear is a
factor influencing postural balance and should not
be overlooked. It will be necessary to consider
these criteriain future studies.

REFERENCES

1) Yasumura S, et a: Falls and fractures in the elderly.
Journal of Clinical Rehabilitation 2: 707-710, 1993
(in Japanese).

2) Yasumura S, et a: Risk factors for falls among eld-
erly people. Rigaku Ryouhou 14: 199-205, 1997 (in
Japanese).

3) Hashimoto T, et a: Epidemiology and prevention of
hip fracture. Rigaku Ryouhou 14: 206-211, 1997 (in
Japanese).

4) Matsubayashi Y: Mortality after hip fracture. Sogo
Reha 26: 641643, 1998 (in Japanese).

5) Howland J, et a: Fear of falling among the commu-
nity-dwelling elderly, Journal of Aging and Health 5:
229-243, 1993.

6) lhara H: Dynamic joint control training second edi-
tion. Kyodo-isyo press, Tokyo, 1996 (in Japanese).

7) Overstall PW, et a: Falls in the elderly related to
postural imbalance. Br Med J 1. 261-264, 1977.

8) Fernie GR, et a: The relationship of postural sway in
standing to the incidence of falls in geriatric subjects.
Age Aging 11: 11-16, 1988.

9) Maki BE, et a: A prosrective study of postural bal-
ance and risk of falling in an ambulatory and
imdependent elderly population. Journal of gerontol-
ogy Medical Sciences 49: M72-M84, 1994.

10) Whipple R, et a: Altered sensory function and bal-
ance in older persons. J Gerontol 48: 71-76, 1993.

11) Horak FB, et a: Component of postural dyscontrol in
the elderly: A review. Neurobiol Aging 10: 727-738,
1989.

12) Hosoda M, et al: The effect of various footwear types
and materials, and of fixing of the ankles by foot-
wear, on upright postural control. J Phys Ther Sci 9:
47-51, 1997.

13) Hosoda M, et a: The effects of footwear on standing
postural control. J Phys Ther Sci 10: 47-51, 1998.



