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Objective: To evaluate the speci�c effects of balance and gait exercises
among frail elderly individuals.
Design: A randomized three-group parallel controlled study.
Setting: Geriatric health services facility in Japan.
Subjects: Thirty-four frail elderly subjects attending the care facility were
randomized into a control group, an exercise group with emphasis on balance
or an exercise group with emphasis on gait re-education.
Interventions: The two exercise groups received balance or gait exercise for
40 minutes, 2–3 times weekly, for 12 weeks. 
Main outcome measures: One Leg Standing Test, Functional Reach Test,
Manual Perturbation Test, Functional Balance Scale, Performance-Oriented
Mobility Assessment, Timed ‘Up and Go’ Test and Stair Climbing/Descending
Test. These assessments were performed before and after 12-week
intervention.
Results: Comparison of the performance before and after intervention
demonstrated signi�cant improvement in One Leg Standing Test, Functional
Reach Test and Functional Balance Scale in the balance exercise group, and
Functional Balance Scale, Timed ‘Up and Go’ Test and Stair Descending Test
showed improvement in the gait exercise group. All test items showed no
signi�cant differences in the control groups. Among the three groups, the
balance exercise group showed more signi�cant improvement in Functional
Balance Scale, and the gait exercise group showed more signi�cant
improvement in Performance-Oriented Mobility Assessment than the
control group. The balance exercise group showed greater improvement in
performance in Functional Reach Test than the gait exercise group.
Conclusions: Balance exercises led to improvements in static balance
function, and gait exercises resulted in improvements to dynamic balance and
gait functions in the very frail elderly.
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Introduction

A great deal of recent research has focused on
postural balance and gait function in the elderly,
and the effects of interventions targeting these
attributes. However, the �ndings of such research
have been mixed, due to differences in types of
exercise, duration, frequency and intensity of
interventions, and assessment protocols. Some
reports have thus described the bene�ts of exer-
cise,1–10 while others have found no such bene-
�ts.11–13 Uniform consensus on the effects of such
interventions is therefore yet to be achieved.

An extensive range of programmes has been
employed to improve balance and gait function,
including high-intensity muscle-strengthening
exercises,4,5 low-intensity muscle-strengthening
exercises,10,11 gait exercises,2,3 balance exer-
cises,6,8–10 aerobic exercises,2 relaxation,12 mental
practice,1 in-home self-directed exercises,13

patient education3 and physical therapy.7 In many
cases, combining exercises has ampli�ed the
reported bene�ts. In particular, balance and gait
exercises are frequently combined with other
forms of exercise, and the speci�c effects of indi-
vidual exercises are not clear. Furthermore, falls
triggered by decreased balance or gait function
are a major cause of fractures in the elderly, and
prevention of such falls warrants immediate
attention. Interventions suggested by many
researchers for preventing falls have included
multiple-exercise modalities and comprehensive
interventions.14–17 However, selective interven-
tion is required because frail elderly individuals
with decreased physical �tness are unable to
accept severe exercise loads. To that end, details
of speci�c, effective exercises are required.

The present study investigated whether a 12-
week programme of exercise intervention could
improve physical functions among frail elderly
subjects in an institutional setting. A secondary
objective was to clarify whether improvement in
balance or gait function is affected by the kind of
exercise undertaken. 

Methods

Subjects
A total of 81 ambulatory individual residents

in or attending a geriatric health services facility
in Japan were recruited to this study. Of these,
34 were admitted as subjects of the study, after
excluding 26 candidates with severely impaired
physical functions, most of whom have dif�culty
in walking without a walker, 13 with severe
dementia, and 8 who failed to provide informed
consent. The mean age of subjects was 80.8 ± 6.6
years (range 67–91 years). The 34 subjects were
randomly assigned to the control, balance exer-
cise or gait exercise group (Figure 1). Table 1
shows the baseline individual characteristics of
the subjects. The intervention started after all the
participants have given informed consent. 

Randomization was performed by random per-
muted blocks within strata. The strata were clas-
si�ed according to ability to walk outdoors
without help. And the research was done non-
blind because the authors performed both exam-
ination and intervention themselves for all the
subjects in a physiotherapy room.

Assessment
The subjects’ pro�les were assessed by age,

sex, body height, body weight and intellectual
function (Hasegawa’s Dementia Scale).18 The
physical function tests described below were per-
formed before and after the intervention.

Balance tests
Balance was assessed using the following bat-

tery of tests: One Leg Standing Test, Functional
Reach Test,19 Manual Perturbation Test,20 Func-
tional Balance Scale21 and Performance-Oriented
Mobility Assessment of gait and balance.22

One Leg Standing Test was performed twice
for each leg, with eyes open. Outcomes were
measured using a stopwatch for a maximum of 30
seconds. Representative values were selected as
the longest of four times. Functional Reach Test
involved measurement of the maximum distance
that the hand could be extended forward. First,
the subject �exed one arm to an angle of 90
degrees, while standing with legs about shoulder-
width apart. The maximum distance that the arm
could be extended forward was determined using
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Stress Test. A score of 2 was ‘Able to maintain
erect stance in position’, corresponding to 7–9
points on the Postural Stress Test. Functional
Balance Scale and Performance-Oriented Mobil-
ity Assessment involved assessment of stability
and safety when in static and dynamic positions.
Assessment items included standing up, sitting
down, maintenance of standing posture, turning
movement, transfer and walking. Functional
Balance Scale was evaluated in �ve grades, and

a tape measure. For the Manual Perturbation
Test, the response type when the subject’s shoul-
der was pulled backwards was scored at three
levels. We prepared the scoring method with ref-
erence to the type of response elicited in the Pos-
tural Stress Test.23 A score of 0 was ‘Falling
response’, corresponding to 0–2 points on the
Postural Stress Test. A score of 1 point was ‘Step
response, with patient maintaining erect stance’,
corresponding to 3–6 points on the Postural

Figure 1 Flow of patients through the study.

Table 1 Baseline characteristics of the subjects

Control Balance exercise Gait exercise p-value
(n = 10) (n = 12) (n = 12)

Age (year)a 83.6 (5.7) 79.9 (5.9) 79.3 (7.6) 0.267
Gender (number of women) 7 10 12 0.137
Residence (number) 0.221

Community-dwelling 4 9 8
Institutionalized 6 3 4

Height (cm)a 144.5 (10.1) 143.8 (8.9) 142.3 (4.0) 0.799
Weight (kg)a 52.4 (11.5) 46.8 (9.1) 46.4 (5.2) 0.231
Mental status (Hasegawa’s dementia scale)a 16.7 (6.3) 21.2 (6.9) 17.0 (8.9) 0.296
Outdoor walking without help (number) 5 7 6 0.897
Use of cane or walker (number) 5 8 8 0.660
Disease (number)

Stroke 1 3 5 0.243
Osteoarthritis of knee 1 2 1 0.801
Other orthopaedic diseases 3 0 2 0.137
Nothing 5 7 4 0.460

aMean (standard deviation).
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Performance-Oriented Mobility Assessment in 2
or 3 grades.

Gait tests
The gait test employed was the Timed ‘Up and

Go’ Test.24 The applied walking assessment was
the Stair Climbing/Descending test. 

The Timed ‘Up and Go’ Test involved stop-
watch measurement of the time taken for a
return trip to a pole placed 5 m ahead, with the
subject starting from a seated position in a chair.
The Stair Climbing/Descending test involved
stopwatch measurement of the time taken to
climb and descend �ve 15-cm steps. For each test,
the subject was asked to walk as quickly as pos-
sible.

Intervention
The study was initiated at the same time for all

subjects. In the balance exercise and gait exercise
groups, exercise interventions were performed
for 40 minutes per session 2–3 times weekly,
under the guidance of a quali�ed physiotherapist,
for 12 weeks. Interventions in the balance exer-
cise group comprised 30 repeated forward reach-
ing exercises, 10 minutes of centre-of-mass
movement using a balance board, 5 minutes of
one leg standing, and 5 minutes of tandem stand-
ing. Interventions in the gait exercise group com-
prised 10 minutes of continuous walking, 10
return trips of stair climbing and descending, 5
minutes of tandem walking and 5 minutes of
walking sideways. A physiotherapist adjusted the
amount of exercise according to the subject’s
level of physical function, to provide the optimal
amount of exercise to each subject.

Subjects in the control, balance exercise and
gait exercise groups continued physiotherapy
(range of motion and muscle-strengthening exer-
cises) and group exercise (rhythmic movement
and stretching exercise in the seated position)
programmes that they had been undertaking
before intervention.

Statistical analysis
To investigate the speci�c effects of exercise,

we compared the same outcomes between the
balance exercise and gait exercise groups. The
Wilcoxon signed rank test was used for statistical
analyses.

In order to investigate the effects of exercise
on physical function in the frail elderly, we com-
pared change ratio of outcomes among the con-
trol, balance exercise and gait exercise groups
obtained before and after intervention. For com-
parison a Kruskal–Wallis one-way analysis of
variance test was applied. The Mann–Whitney
test was used for post-hoc analysis.

Applying SPSS version 10.0 for statistical
analyses, we considered differences of two-tailed
p < 0.05 as statistically signi�cant.

Results

Adherence to exercise
Two of the 34 subjects were unable to com-

plete the study. One individual in the control
group was excluded because of a sharp decrease
in physical function following acute respiratory
disease. The other individual, from the gait exer-
cise group, was unavailable for retesting as he
had no longer attended the institution. Subse-
quent analysis was therefore performed for 32
subjects, with overall adherence to the exercise
programme at 94%.

Effects of exercise on balance and gait
function (Table 2)

When comparing measurement items before
and after intervention in each group, the balance
exercise group showed signi�cant functional
improvement in One Leg Standing Test, Func-
tional Reach Test and Functional Balance Scale.
And Functional Balance Scale, Timed ‘Up and
Go’ Test, and Stair Descending Test showed sig-
ni�cant improvement in the gait exercise group.
All test items showed no signi�cant differences
in the control group. 

Comparison of physical performance among
the three groups revealed signi�cant differences
in Functional Reach Test, Functional Balance
Scale and Performance-Oriented Mobility
Assessment. When comparing control and bal-
ance exercise groups for post-hoc analysis, the
latter showed more signi�cant improvement in
Functional Balance Scale, and in comparison
between gait exercise and control groups, the for-
mer showed more signi�cant improvement in
Performance-Oriented Mobility Assessment than
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tion (Timed ‘Up and Go’ Test), and applied gait
(Stair Descending Test). As these items include
most physical functions needed for activities of
daily living, the programme utilized in this study
seems to be helpful for living a better life with-
out help. The ef�cacy of providing exercise inter-
vention was con�rmed by the absence of changes
in any test item in the control group. And the
comparison between groups showed that Func-
tional Balance Scale and Performance-Oriented
Mobility Assessment are useful tools for evalu-
ating comprehensive balance function largely
improved by exercise intervention. The balance
exercise group exhibited better performance in
Functional Reach Test than the gait exercise
group, and the importance of balance exercise
was re-evaluated to improve balance function.

In this study both the balance exercise and gait
exercise groups exhibited improvements in the
tests relevant to the exercises undertaken. One
Leg Standing Test and Functional Reach Test
displayed improvements in the balance exercise
group, and were included as exercises in the pro-
grammes. Hence, improvement in these items
may well have been direct manifestations of the
effects of exercise. Analysis of mean scores for
the Functional Balance Scale subcategories
revealed marked improvements in static balance
items such as standing with feet together and one
legged standing.25 On the other hand, improve-
ments in Timed ‘Up and Go’ Test and Stair
Descending Test in the gait exercise group
appear to have been direct effects corresponding
to the nature of the exercise. Analysis of mean
scores of the Functional Balance Scale subcate-
gory revealed improvements in scores for picking
up objects from the �oor, turning 360 degrees,
alternate steps to stool, and one-leg standing.25 In
the balance exercise group, comparison of the
Functional Balance Scale subcategory, which
showed marked improvement, involved dynamic
indicators for which a large movement of the cen-
tre of mass was needed to accomplish the task.

Among previous researches into the relation-
ship between type of exercise and functional
improvement, some studies have reported that
gait exercises improved diverse factors including
gait and balance functions.26,27 In contrast, other
studies have reported that composite exercises
are more useful than balance and gait exercise

the latter. When balance exercise and gait exer-
cise groups were compared, the former had more
improved performance in Functional Reach Test.

Discussion

Numerous situations exist in which high-intensity
exercise for the frail elderly is not feasible, given
concerns such as the risks of exercise and lack of
motivation. Therefore, it is very important to
determine more effective types of exercise for
frail elderly persons.

This study revealed that exercise intervention
improves physical function in the institutional
setting. The exercises performed in the present
research had several advantages: they can be
implemented in numerous institutions because
they do not involve the use of expensive equip-
ments; level of intensity is relatively low; and the
exercise instructions are easy to understand.
Most ambulatory elderly individuals were there-
fore able to perform these exercises, which
appear to have resulted in widespread bene�t.
Demonstrating the effects of the exercise pro-
gramme, many test values improved signi�cantly
after 12 weeks of exercise intervention in the bal-
ance exercise and gait exercise groups. Even
among the frail elderly individuals who are the
focus of maintenance-phase rehabilitation, such
as our subjects, it is evident that exercise-induced
improvements in function can be achieved.
Improvements were noted in test items for bal-
ance function (One Leg Standing Test, Func-
tional Reach Test), comprehensive balance
function (Functional Balance Scale), gait func-

Clinical messages

� Simple exercises that can be performed
without the need for equipment led to
improved balance and gait functions in frail
elderly subjects.

� Speci�c bene�ts were observed: balance
exercises resulted in improvements to static
balance function, and gait exercises led to
improvements in dynamic balance and gait
functions.
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330: 1769–75.

6 Hu MH, Woollacott MH. Multisensory training of
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and one-leg stance balance. J Gerontol 1994; 49:
M52–M61.

7 Mulrow CD, Gerety MB, Kanten D et al. A
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frail nursing home residents. JAMA 1994; 271:
519–24.

8 Wolf SL, Barnhart HX, Ellison GL, Coogler CE and
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and computerized balance training on postural
stability in older subjects. Phys Ther 1997; 77:
371–81.

9 Wolf B, Willy De Weerdt HF, van der Meer J,
Noom M, Aufdemkampe G. Effect of a physical
therapeutic intervention for balance problems in the
elderly: a single-blind, randomized, controlled
multicentre trial. Clin Rehabil 2001; 15: 624–36.

10 Robertson MC, Campbell AJ, Gardner MM, Devlin
N. Preventing injuries in older people by preventing
falls: a meta-analysis of individual-level data. J Am
Geriatr Soc 2002; 50: 905–11.

11 MacRae PG, Feltner ME, Reinsch S. A 1-year
exercise program for older women: effects on falls,
injuries, and physical performance. J Aging Phys Act
1994; 2: 127–42.

12 Reinsch S, MacRae P, Lachenbruch PA, Tobis JS.
Attempts to prevent falls and injury: a prospective
community study. Gerontologist 1992; 32:
450–56.

13 Campbell AJ, Robertson MC, Gardner MM, Norton
RN, Tilyard MW, Bucher DM. Randomised
controlled trial of a general practice programme of
home based exercise to prevent falls in elderly
women. BMJ 1997; 315: 1065–69.

14 Tinetti ME, Baker DI, McAvay G et al. A
multifactorial intervention to reduce the risk of
falling among elderly people living in the
community. N Engl J Med 1994; 331: 821–27.

15 Wagner EH, LaCroix AZ, Grothaus L et al.
Preventing disability and falls in older adults: A
population-based randomized trial. Am J Public
Health 1994; 84: 1800–806.

16 Gillespie LD, Gillespie WJ, Robertson MC, Lamb
SE, Cumming RG, Rowe BH. Interventions for
preventing falls in elderly people. In: The Cochrane
Library, Issue 3. Oxford: Update Software, 2002.

17 Jensen J, Lundin-Olsson L, Nyberg L, Gustafson Y.
Fall and injury prevention in older people living in
residential care facilities. Ann Intern Med 2002; 136:
733–41.

18 Hasegawa K, Inoue K, Moriya K. An investigation
of dementia rating scale for the elderly [in
Japanese]. Seishin-igaku 1974; 16: 965–69.

19 Duncan PW, Weiner DK, Chandler J, Studenski S.
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only.28,29 Yet other reports have noted that bal-
ance exercises are necessary to achieve improve-
ment of balance functions, and that balance
function does not improve with only muscle
strengthening and aerobic exercise.30,31 The bal-
ance and gait exercises delivered in the present
study resulted in improved balance function in
the balance exercise group and improved gait
function in the gait exercise group. This suggests
that improvement of balance and gait function
depends on the exercises undertaken.

This study alone cannot explain the effect of
the balance and gait exercises due to the small
number of samples and nonblinding. Therefore,
our future task is to use a wider range of exer-
cises, and to increase sample size in order to
ascertain a better outcome.

In conclusion, exercise intervention was found
to be effective for frail elderly subjects. In addi-
tion, speci�c effects corresponding to particular
exercises were observed to result in improve-
ments to balance and gait function. When pre-
scribing an exercise programme, thorough
evaluation of the individual’s balance and gait
function is therefore important, to ensure that the
content of the exercise programme corresponds
to the functional de�cits. This will allow effective
and ef�cient improvement of function to be
obtained. 
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