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Walking

New Intervention Program for
Preventing Falls Among Frail Elderly
People

The Effects of Perturbed Walking
Exercise Using a Bilateral Separated
Treadmill

ABSTRACT

Shimada H, Obuchi S, Furuna T, Suzuki T: New intervention program
for preventing falls among frail elderly people: The effects of perturbed
walking exercise using a bilateral separated treadmill. Am J Phys Med
Rehabil 2004;83:493-499.

Objective: To determine the effects of a perturbed walking exercise
using a bilateral separated treadmill in physically disabled elderly.

Design: Participants of the study were 32 long-term care facility res-
idents and outpatients aged 66-98 yrs. Participants were randomly
assigned to a usual exercise group or to a treadmill exercise group.
Perturbed gait exercise on a treadmill continued for 6 mos. Number of
falls and time to first fall during a 6-mo period, balance and gait func-
tions, and reaction time were evaluated before and after intervention.

Resulis: The treadmill exercise group showed significant improvement
in balance and reaction time when compared with the usual exercise
group. Number of falls in the treadmill exercise group was 21% lower than
that in the usual exercise group. However, this difference was not signifi-
cant. No significant differences were seen in time 1o first fall.

Conclusions: Gait training with unexpected perturbation seems to
have a beneficial impact on physical function in disabled elderly individ-
uals. The results suggest that this program may be used as an exercise
intervention to reduce falls in institutional settings.

Key Words: Falls, Intervention, Walking, Treadmill, Elderly
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| ¥ Lany studies have assessed the
efficacy of exercise intervention to
prevent falls in elderly individuals,
and the effects of these interventions
are well recognized. However, sub-
jects in the majority of these studies
were community-dwelling elderly
people!™ and did not include the
institutionalized elderly with serious
functional impairment.**® Thus, the
efficacy of exercise for preventing
falls in institutionalized elderly is
uncertain,

Previous studies have shown that
exercises such as resistance, balance,
and gait training seem to be effective.'*
Among these, tai chi is considered to be
particularly effective.!® Maintaining
balance while performing the slow mo-
tions of tai chi helps to strengthen pos-
tural stability. However, most falls are
the result of unexpected perturbation,
such as stumbling or slipping while
walking.'® Furthermore, studies using
unexpected perturbation clearly
showed that dynamic balance while
walking and static balance while stand-
ing are not necessarily related.’”® We
therefore consider instant reactions to
unexpected perturbation to be impor-
tant in preventing falls and conse-
quently invented a treadmill that con-
tinuously and randomly generates
unexpected perturbation while
walking.' (‘

The purpose of this study was to
determine the effectiveness of tread-
mill gait training in institutionalized
disabled elderly and in those who reg-
ularly visit rehabilitation facilities
with a high risk of falls. We also in-
vestigated the effects on balance
function, gait function, and reaction
time.

METHODS

Subjects. For this study, 124 frail el-
derly people who were either residents
or outpatients of a geriatric health ser-
vices facility and who were receiving
rehabilitation as of November 2001 un-
derwent a screening evaluation. In all

494 Shimada et al.

TABLE 1

groups at entry into study

Characteristics of usual exercise and treadmill exercise

Usual Treadmill
Exercise Group Exercise Group Difference
(n = 14) (n = 18) P Value
Age, yrs®® 83.1=* 6.4 81.8 + 5.9 0.837
Sex, Female 11 14 1.000
Height, cm®? 143.9 + 8.8 1433+ 9.1 0.841
Weight, kg®? 484 + 72 50.0 = 8.6 0.381
Body mass index®? 234 31 24,1 = 2.7 0.738
Falls during previous 12 mos 10 11 0.712
Use of psychotropic drugs 2 4 0.672
Diagnosis
Stroke 3 1 0.295
Parkinsonism 3 1 0.295
Arthritis of the knee 2 6 0.412

of subjects.

test.

“Data provided as mean = standard deviation; other items indicate number

®The Mann-Whitney test was used to compare differences in characteristics
between usual exercise and treadmill exercise groups; other items used the x°

of these subjects, muscle weakness and
decreased balance and gait functions
were present, and all subjects were at
high risk for falls. All were disabled
seniors who required public support
through Japanese long-term care in-
surance screening.

Of the 124 subjects screened, 70
were excluded because they could not
walk for =3 mins at a speed of 0.5
km/hr on a treadmill, 19 were ex-
cluded because they could not partic-
ipate in the exercise program due to
recognizable dementia, and three
were excluded because of health
problems. Thus, 32 subjects met the
inclusion criteria for participation,
and informed consent was obtained.
This study conformed to the Helsinki
Declaration.

The 32 subjects were randomly
divided into two groups: a usual ex-
ercise group (n = 14), which contin-
ued the same exercise regimen they
had previously been doing, and a
treadmill exercise group (n = 18),
which did the treadmill gait exercises
in addition to their usual exercise
program. Subject demographics are
listed in Table 1. No significant dif-

ferences in demographic data were
noted between the two groups.

Experimental Procedures. Before
commencement of their respective
exercise programs, both groups un-
derwent a pre-intervention evalua-
tion consisting of inquiries about
number of falls, a physical perfor-
mance examination, and a question-
naire survey. After the initial evalua-
tion, the treadmill exercise group
began a 6-mo-long treadmill gait ex-
ercise program. Both the usual exer-
cise group and the treadmill exercise
group continued their usual exercise
programs consisting of stretching,
resistance training, group training,
and outdoor gait training. A postint-
ervention evaluation was conducted
for both groups at 6 mos after inter-
vention (Fig. 1).

Examination Ifems. On initial evalu-
ation, we asked the subjects about the
number of falls they had experienced
during the year before commence-
ment of the current exercise inter-
vention. The number of falls experi-
enced by the subjects during and at
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Subjects screening (n=124)

Usual exercise group

Usual care and training (n=14)

Withdrew from program (n=3)
Hospitah'zéd (n=1)

Never attended (n=1)

Stroke (n=1)

Randomization

Screened out (n=92)
Unable to walk on treadmill (n=70)
Dementia (n=19)

Health problems (n=3)

Pre-intervention
evaluation (n=32)

Treadmill exercise group

Gait training on treadmill (n=18)

Withdrew from program (n=3)
Acute respiratory disease (n=1)
Hospitalized (n=1)

Hip pain (n=1)

Post-intervention evaluation

Falls monitored for 6 months (n=11)

Post-intervention evaluation

Falls monitored for 6 months (n=15)

Figure 1: Flow chart showing subjects, timing of randomization and intervention, and outcomes.

the conclusion of the study was also
determined from nursing staff re-
ports and monthly subject self-re-
ports. When the number of falls dif-
fered in the monthly reports recorded
by staff and subjects, the larger num-
ber was used.

Physical function was examined
by evaluating the subject’s balance,
gait, and reaction time. Balance was
evaluated by measuring one-leg
standing time and the Functional
Reach Test.?? One-leg standing time
was measured twice on both the right
and left legs, and the average of the
four performances was reported as
the one-leg standing time. The Func-
tional Reach Test was performed
twice with the upper limbs reaching
as far forward as possible, and the

July 2004

maximum length of the two tests was
reported as the functional reach for
the subject.

Walking speed was measured to
evaluate gait performance. Walking
speed was measured over a 10-m
walking distance at a comfortable
pace. Time was measured using a
stopwatch,

Reaction time to an auditory
stimulus (100 Hz) was measured us-
ing Whole Body Reaction Type-II
(Takei, Japan). Subjects placed their
finger on a switch to enable depres-
sion of the switch on receiving an
auditory stimulus. Reaction time was
measured under two conditions:
while walking (RT walking) on a
treadmill (Hitachi, Japan) at 50% of
the subject’s maximum walking

New Intervention for Preventing Falls

speed and while walking at 50% of
the subject’s maximum walking
speed with the speed of either the
right or left treadmill belt randomly
decreasing by 60% once every 5 secs
(RT perturbed-walking). This decel-
eration over 500 msecs was intended
to mimic slipping. Reaction tests
were conducted five times for each
test condition, with the average of the
five trials being reported as the reac-
tion time for each particular test con-
dition. Before recording reaction
times, all subjects were allowed to
practice under each set of conditions
ten times.

Intervention Method. Gait training
on the treadmill was conducted in
eight different phases. At the begin-
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TABLE 2

Duration, intensity of
perturbation, and
walking speed for
treadmill exercise

Perturbation Walking
Duration, Deceleration, Speed,

mins % %
0 ~ 40 0 50
41 ~ 120 20 50
121 ~ 200 40 50
201 ~ 280 40 70
281 ~ 360 60 50
361 ~ 440 60 70
441 ~ 520 100 50
521 ~ 600 100 70

“Percentage of maximum

walking speed.

ning of each phase, maximum walk-
ing speed was measured, and 50%

Left wallang belt

and 70% of the maximum speed was
set for the training speed. Perturba-
tion stimuli were progressively in-
creased in magnitude and finally in-
volved 100% reductions in speed
{Table 2, Fig. 2). The complete pro-
gram was set at 600 mins to be com-
pleted over 6 mos, but the interven-
tion was stopped at the end of the
6-mo period for all the subjects, in-
cluding those who did not complete
the entire 600 mins. The frequency of
the intervention program ranged
from one to three times weekly. Each
exercise session was individually tai-
lored to provide the appropriate exer-
cise workload, taking into consider-
ation rises in blood pressure during
training and complaints of fatigue.
Due to safety concerns and difficul-
ties subjects encountered while walk-
ing on the treadmill during the eval-
uation phase of the study, all training

Arm res

sessions were conducted with the
subjects holding onto handrails for
support.

The usual exercise program in-
cluded physical therapy for pain (hot
packs, transcutaneous electrical
nerve stimulation), stretching exer-
cises, low- and high-intensity resis-
tance training, gait training over
level surfaces, outdoor walking, bal-
ance training, ascending and de-
scending of stairs, and group exercise
designed to improve lower-limb func-
tion. Because the usual exercise pro-
gram was individually tailored for
each subject, every subject did not
receive all of the above components
of the program.

Statistical Analysis. The [ test was
used to investigate differences in
physical function between groups be-
fore intervention. To investigate the

Right walking belt

Figure 2: Bilateral separated treadmill system for gait perturbation (KOROBU-KUN).
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TABLE 3

Comparison of physical function between groups before and after infervention

Usual Exercise Group

Treadmill Exercise Group

Between-Group

msecs

Before After P Value? Before After P Value® P Value
OLS, secs 1(0.3-5.9) 9 (0.2-3.7) 203 5 (1.4-3.5) 0(2.1-5.9) .017 513
FRT, ¢cm 14 5(9.0-19.9) 13 2 7.5-18.9) 420 17 0 (13.9-20.0) 24 1(20.7-27.5) .000 .015
WS, secs 24.5(16.4-32.5) 24.5(18.6-30.3) .996 25.0 (11.8-38.3) 12.2 (10.4-14.0) .058 174
RT, . msecs 431 (372-489) 440 (354-527) 812 404 (282-526) 276 (244-308) .015 067
RT erinbedwalie 993 (444-662) 524 (418-629) 492 485 (349-620) 320 (281-359) .007 .035

walking; RT,

Data provided as mean (95% confidence interval).

“Comparison between pre-intervention and postintervention measurements.
OLS, one-leg standing time; FRT, Functional Reach Test; WS, comfortable walking speed; RT,,,,,, reaction time during
perturbed-wallo Yéaction time during perturbed-walking.

effects of intervention, pre-interven-
tion and postintervention physical
function data were compared using a
paired-sample ¢ test, and differences
between the usual exercise and tread-
mill exercise groups were compared
using a multivariate analysis of
variance.

A Mann-Whitney test used to
compare differences in the number of
fallers and the number of falls be-
tween the usual exercise and tread-
mill exercise groups. Using a logistic
regression procedure, a relative odds
ratio was obtained to assess the ef-
fects of the fall prevention interven-
tions based on the number of falls
sustained in 6 mos. To compare time
periods until the first fall, a log-rank
test of Kaplan-Meier survival statis-
tics was performed and differences
between the groups were investi-
gated. All statistical analyses were
performed using SPSS 11.5 statistical
software (SPSS, Chicago, IL). The al-
pha level of significance was set at P
< 0.05 for all statistical tests
conducted.

RESULTS

Compliance for Gait Training and
Baseline Characteristics. A total of 15
out of the 18 subjects (83%) com-
pleted the treadmill exercise pro-
gram. Three subjects dropped out
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due to respiratory disease, hospital-
ization, or hip pain. Three subjects of
the usual exercise group could not
complete the postintervention tests
because of hospitalization (one sub-
ject), cessation of visits to the facility
(one subject), and a cerebrovascular
accident (one subject). The final anal-
ysis included 15 subjects from the
treadmill exercise group and 11 from
the usual exercise group.

Before intervention, significant
differences were not observed be-
tween the usual exercise group and
the treadmill exercise group with re-
gard to demographic data such as
age, sex, body composition, fall his-
tory, medication, and diagnosis.
None of the test items were signifi-
cantly different between the groups.

Effect of Treadmill Exercise on Phys-
ical Function. When comparing mea-
surement items before and after in-
tervention, the following functional
measurements in the treadmill exer-
cise group showed improvement after
intervention: one-leg standing time,
Functional Reach Test, RT walking,
and RT perturbed-walking. No signif-
icant differences in functional mea-
surements were noted in the usual
exercise group (Table 3). When com-
paring the usual exercise and tread-
mill exercise groups, the latter
showed significant functional im-
provement in the Functional Reach
Test and RT perturbed-walking.

Effect of Gait Training on Treadmill
to Preveni Falls. During the 6-mo
follow-up period, the fall rates in the

TABLE 4
Comparison of fall rates, number of falls, and time until
first fall between usual exercise and treadmill exercise
groups
Usual Treadmill
Exercise Group Exercise Group
(n = 11) (n = 15) P Value
Fall Rates, % 54.5 33.3 0.426
Number of falls, n 11 8 0.384
Time until first fall, days 120 (82-158) 147 (121-173) 0.275
mean [95%
confidence interval])
New Intervention for Preventing Falls 497



.usual exercise and treadmill exercise
groups were 54.5% and 33.3%, re-
spectively. The lower fall rate ob-
served in the treadmill exercise group
was not statistically different from
that in the usual exercise group. A
significant difference in the odds ra-
tio for falls was not noted between
the two groups although the tread-
mill exercise group had a lower odds
ratio of 0.417 (95% confidence inter-
val, 0.084-2.065; P = 0.284). A sta-
tistical difference was not noted be-
tween the two exercise groups in the
total number of falls, although the
treadmill exercise group had fewer
falls in total. On average, the time
until first fall was 120 days in the
usual exercise group and 147 days in
the treadmill exercise group, but this
difference was not statistically signif-
icant (Table 4).

DISCUSSION

Falls in elderly people often lead
to serious problems, such as hip frac-
tures, and may result in chronic gait
disability. Use of hip protectors in
institutionalized frail elderly individ-
uals seems to be an effective inter-
vention to prevent hip fracture.?! To
date, however, no clear intervention
has been identified that effectively
prevents falls in the elderly.** Some
reports suggest that falls can be pre-
vented by environmental modifica-
tion**?* and multicomponent inter-
vention in institutional settings.?*2
On the other hand, exercise interven-
tions such as low-intensity resistance
training, balance training, and gait
training have not had any observed
effects.}#13

Most falls are the result of stum-
bling and slipping. Therefore, the
righting reaction is a key skill to pre-
vent falls after unexpected perturba-
tion. Tang et al.?® analyzed data from
electromyographic records of their
subjects after generation of a slipping
stimulus while walking on a movable
platform. They noted that the reaction
of lower limb muscles rather than
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trunk muscles was important in recov-
ery from perturbation. In particular,
the anterior muscles of the lower limbs
were noted to be most important in
recovery from a perturbation event.
When compared with healthy young
adults, the elderly subjects in the Tang
et al.?” study had greater muscle la-
tency, more extended periods of cocon-
traction of antagonistic muscles, re-
duced burst magnitudes, and greater
upper limb compensation reactions to
maintain their balance. This shows
that the ability to instantly react to
perturbation deteriorates with age. We
developed a perturbed treadmill exer-
cise program to improve postural reac-
tions and previously demonstrated the
effects of this exercise in community-
dwelling elderly people.?®

The present study investigated
the effects of the unexpected pertur-
bation exercise program on fall pre-
vention and postural reactions in a
long-term care facility setting. After a
6-mo intervention, the treadmill ex-
ercise group (perturbation training
group) showed more marked im-
provement in balance and reaction
time than the usual exercise group.
The improvement in the Functional
Reach Test suggests enhancement of
the stability limit with possible mo-
bility while standing. The center of
gravity changes substantially with
unexpected perturbation when walk-
ing on a treadmill. The enhancement
of postural reaction may have con-
tributed to the improvement of bal-
ance function against perturbation.
Time before reaction also decreased
in RT perturbed-walking variables.
Decreases in RT perturbed-walking
indicates that the treadmill exercise
group subjects did not have to be
attentive to walking itself as they be-
came adept at walking on a treadmill.
This study suggests that gait training
on a treadmill improves fall-related
balance function and reaction time.
These results support the need for
perturbation training to improve the
physical function of disabled elderly
individuals.

The fall rates in the treadmill ex-
ercise group was 21% lower and the
odds ratio for falls was 0.4. These re-
sults suggest the effectiveness of the
treadmill exercise program for the pre-
vention of falls. However, this differ-
ence was not significant, possibly due
to the small sample size utilized in this
study. Future studies utilizing a larger
number of subjects may be better able
to support or refute this effect. The
number of falls and length of time until
the first fall did not significantly differ
between the two study groups, which is
also probably the result of small sample
size. A previous study of physical ther-
apy applied to nursing home residents
found that the number of fallers in the
usual exercise group was 5% greater
than in the intervention group.'?
When long-term care facility residents
had resistance and endurance training,
the fall rates in the intervention group
was 3% lower than in the control
group and the fall rates of the group
undergoing tai chi training was 17%
lower.® In this study, the fall rates in
the treadmill exercise group was 21%
lower than in the usual exercise group,
thus suggesting that treadmill training
is a usefu] training method for prevent-
ing falls. Improvement of functions
such as balance and gait by way of
treadmill training may have prevented
falls. However, most elderly people who
utilize care facilities have multiple
chronic diseases, and functional im-
provement by exercise alone might not
be practical for fall prevention.

This study alone does not explain
the effects of treadmill exercise for
two reasons: first, the number of sub-
jects was not large enough for analy-
sis; second, it was carried out without
blinding. Although treadmill exercise
is believed to improve physical func-
tion of frail elderly individuals, the
effects on those with more serious
functional disabilities are not certain.
Therefore, it is necessary to carry out
a similar study with a larger number
of subjects, including those with se-
rious functional disabilities, in the
future.
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In summary, gait training on a
treadmill with unexpected perturba-
tion in disabled seniors utilizing a
geriatric health services facility
seemed to be beneficial in improving
balance and reaction time. Although
this study did not show a significant
beneficial effect for fall prevention, a
reduction in the fall rates was noted
in the treadmill exercise group.
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FUCTIONAL STATUS OF COMMUNITY-DWELLING FRATL
ELDERLY IN THE JAPANESE LONG-TERM CARE
INSURANCE SYSTEM

Hunkyung KiM*, XiuYing HUu?*, Hideyo YosHIDA*, Harumi YUKAWA™, and Takao SUZUKI*

Key words : long-term care insurance system, frail elderly, activities of daily living, fall, fear of falling, ac-

tivity curtailment

Objective To clarify exercise habits, self-rated functional fitness, activities of daily living (ADL) and fear
of falling in community-dwelling elderly who are classified as frail by the eligibility decision
process of the Japanese long-term care insurance system.

Methods Subjects aged 75 years and older were classified into a frail elderly group (n=126; male=29,
female=97) and a healthy elderly group (n=262; male= 114, female =148). We had carried
out an interview survey using questionnaire asking about exercise habits, self-rated functional fit-
ness, ADL, fear of falling and activity curtailment. The survey was carried out by door-to-door
method and data were collected from November to December 2000,

Results Respondents who answered no practice of exercise were more likely to be in the frail elderly
group. Among the self-rated functional fitness items, endurance, muscular strength and flexibility
were comparatively low in the frail elderly group. The rates of basic ADL dependence were
higher for bathing (males=34.5%, females=15.5%) and walking (males=27.6%, females=
20.6%), for both sexes of the frail elderly group. Also, the rate of instrumental ADL dependence
was much higher in the frail elderly group than in the healthy elderly group. Among frail elderly,
93.19% of males and 93.8% of females had fear of falling. Of those who were afraid, 66.7% of
males and 60.49 of females curtailed going out due to this fear.

Conclusions  Our findings suggest that intervention programs are needed to improve bathing and walk-
ing ability as well as to provide social support for the frail elderly. Self-rated fear of falling is sig-

nificantly associated with activity curtailment in this population.

* Epidemiology and Health Promotion Research Group, Tokyo Metropolitan Institute of
Gerontology

#* School of Nursing, Chiba University

¥ Kokugakuin University, Tochigi College
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