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Abstract

Impaired balance has been associated with
an increased risk for falls and a resulting
increase in the mortality rate of elder people.
Thus, balance-training interventions have an
important place in fall prevention. This study
was designed with the purpose of identifying
the appropriate balance-training program for
community dwelling elderly adults with an
active lifestyle. A sample of 70 elderly adults
were randomly allocated into two groups:
group 1 (n=35) received general balance and
mobility exercise; group 2 (n=35) received
specific balance strategy training. The inter-
vention consisted of 5 sessions/week for 4
weeks. The outcome measures were Timed up
and go test (TUGT) and Berg balance scale
(BBS). An inter-group (2-way mixed model
analysis of co-variance) and intra-group
(repeated measures) analysis was done to find
the change in balance scores. After the inter-
vention, the TUGT scores in group 1 were,
mean=10.38 s, standard deviation (SD)=1.59 s
and in group 2 were, mean=9.27 s, SD=1.13 s.
Post training, BBS scores for group 1 were,
mean=54.69, SD=1.13, and for group 2 were,
mean=55.57, SD =0.56. There was a signifi-
cant group × time effect for TUGT and BBS
score. All the subjects showed significant
changes in balance scores after balance train-
ing interventions. The subjects who participat-
ed in the specific balance-strategy training sig-
nificantly improved their functional mobility,
as shown on the TUGT, compared to the gener-
al training group.

Introduction

About 10%-25% of falls in older adults are
associated with poor balance and gait abnor-
malities.1 Literature on geriatric balance train-
ing is a medley of non-specific interventions
characterized by conventional callisthenic
(coordination) exercises, which often include
aerobic or muscle-strengthening components.2

Several investigators have examined the effect

of a single form of exercise on balance in older
adults, with mixed results.3-6 Balance training
has shown to improve the different aspects of
postural control.7 Individualized balance train-
ing has shown improvement in balance scores
such as BBS and dynamic gait index and a 9-
week balance training by Ledin et al., also led
to changes in balance performance.8,9 Nitz and
Choy, in their study determined the effective-
ness of specific balance strategy training pro-
gram in contrast to control group for prevent-
ing falls among older people. They believed
that no previous study had investigated the
efficacy of a specific balance strategy-training
program presented through a workstation or
circuit program as the exercise intervention.10

Means et al., identified the effectiveness of the
general balance and mobility exercise program
for improving balance in elderly population.11

The meta analysis of Frailty and injuries:
cooperative studies of intervention techniques
(FICSIT) trails, recommends balance training
as one of the better options for fall prevention
in older adults.12 Province et al. used a meta-
analysis to examine the effects of exercise on
falls and fall-related injuries among seven dif-
ferent facilities participating in the FICSIT
study and it was found that exercise reduced
the risk of falls. The largest effect was in those
trials that involved balance training (17% rela-
tive risk reduction), rather than strength or
endurance training. Province et al. thus, con-
cluded that some form of balance retraining
appears to be the most effective type of exer-
cise for reducing fall risk.13

It becomes difficult to determine which type
of balance training is the most effective from
the existing evidence and the view is support-
ed by Howe et al.14 This study aims to compare
the effect of specific balance-strategy training
and general balance and mobility exercise pro-
gram on the improvement in balance scores in
the community dwelling elders. The two inter-
ventions used in the study were: general bal-
ance and mobility exercise program and spe-
cific balance strategy training program.
Though the first intervention program focuses
on flexibility, strengthening and postural exer-
cises, the second intervention focuses on prac-
ticing specific functional tasks in a worksta-
tion format such as sit-to-stand, stepping up
and down, sideways reaching and ball games.

Materials and Methods

Participants
The subjects were recruited through a geri-

atric camp organized at Indian Spinal Injuries
Center, Vasant Kunj, New Delhi. Residents of
Vasant Kunj volunteered for the study.
Inclusion criteria required the participants to

be independent community dwellers above the
age of 65 years with mini-mental status exam-
ination (MMSE) scores above 24, without his-
tory of a fall within one year. Ninety subjects
fulfilled the inclusion criteria out of 70 agreed
to attend the exercise program regularly, took
part in this study. These subjects were then
randomly allocated into two groups, which
received different balance training interven-
tions. Lottery method was used for allocation
in which the numbers were written and
enclosed in a sealed envelope. It was picked
randomly without replacement. Group 1 con-
sisting of 35 subjects received general balance
and mobility exercise while group 2 also con-
sisting of 35 subjects received specific bal-
ance-strategy training. The age (years), height
(kg), weight (cm), MMSE, number of medica-
tions used were collected from all the subjects.
Small groups of up to 6-7 participants were
formed who together performed all exercises.
The exercises were done under the supervi-
sion of two physiotherapists specially dealing
with balance and postural control training with
two attendants to prevent falls and injuries to
the participants. The subjects were neither
institutionalized/hospitalized nor dependent
on activities of daily living. Subjects were
excluded if they had an acute illness that may
interfere in the participation for the study, an
unstable cardiac condition, any orthopedic or
neurological illness, permanent history of
dizziness, severe or uncorrected visual deficit
and use of sedative drugs also made the sub-
jects ineligible for participation. The study has
been approved by the research review commit-
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tee, Indian Spinal Injuries Centre, New Delhi
that looked into and cleared the ethical aspects
of the study.

Intervention
Subjects of group 1 received the general bal-

ance and mobility exercise program which
consists of active stretching and strengthening
of the lower limb muscles, postural control
exercises, endurance walking and repetitive
muscle coordination exercises. This program
initially started with a low level of intensity
(low frequency and repetitions) of individual
exercises and was progressive over the weeks.
The resistance applied and rest period was
adjusted individually so that participants could
exercise at a subjectively moderate intensity.11

Subjects of group 2 received a specific bal-
ance-strategy training program A workstation
was designed to focus on a specific task that
addresses various aspects required for balance
including functional strength, flexibility, bal-
ance strategy practice, sensory integration,
and added attentional demands during func-
tion and multi-task practice. Various simple
tasks were selected such as sit to stand. This
task was practiced using different chair
heights, with/without upper limb assistance,
balancing a cup with/without water on a
saucer or while adding a cognitive task to the
manual task. Each task was graded to cater to

various levels of ability so that participants can
have the level of difficulty progressed to
increase the challenge. This versatility of
degree of difficulty also allows for accommoda-
tion to various levels of ability of individual
participants. Workstation application encour-
ages self-efficacy in the participants allowing
them to increase the challenge at each station.
Also, training programs designed in a worksta-
tion format allow easy duplication in the home
environment.10

All subjects attended the exercise program 5
times a week for 4 weeks, each station lasting
for 30 min each. The exercise of group 1 and 2
is given in Table 1. All of them used to come
from their homes daily either walking or by
their own car. All subjects were ambulatory and
used to carry out their basic and instrumental
activities of daily living themselves.

Outcome measures
The subjects were assessed on the two bal-

ance scales, the Timed up and go test15 (TUGT)
and the Berg balance scale (BBS)16 before the
exercises and after 4 weeks of training. In TUGT
the subject was made to sit in a chair of stan-
dard height and asked to walk a distance of 3 m
and turn around and sit back in the chair. The
total time taken (in seconds) for the activity
was recorded as TUGT score. BBS consists of 14
activities which was scored on a 5 point ordinal
scale with maximum score 56 and minimum
score of 0. Elements of the test are supposed to
be representative of daily activities that require
balance. They include simple mobility tasks
(e.g., Transfers, standing unsupported, sit to
stand) and more difficult task (e.g., Tandem
standing, turning 360 degree, simple leg
stance). Both the balance tests were found to be
reliable and valid tools for measuring balance in
community dwelling older adults.15,17-19

Data analysis
Statistical analysis was performed using

SPSS 19 statistics software (IBM Corp.,
Armonk, NY, USA). Two way-mixed model
analysis of co-variance was used to analyze the

difference between group 1 and group 2, with
pre-intervention score as a covariate and
group as a factor to find out the main effect
and group × time effect. A within group analy-
sis between pre-intervention and post-inter-
vention scores using repeated measures analy-
sis was done. Unpaired t-test was used to ana-
lyze the difference between pre intervention
scores of TUGT and BBS scores, age, height
and weight between the groups. Pearson’s chi-
square test was used to find out any significant
difference in number of medicines used by the
participants in two groups. A significance level
of P≤0.05 was fixed. A post hoc power analysis
was done using software G* power 3.20

Results

There was no significant difference for
demographic characteristics between the
groups. The mean±standard deviation (SD) of
age, height, weight, MMSE score of partici-
pants of both groups are given in Table 2. In
group 1; 15, 14, 5, number of participants were
using 1, 2 and 3 number of medicines while in
group 2; 18, 11, 4, number of participants were
using 1, 2 and 3 number of medicines respec-
tively. Total of 3 participants were not using
any medicine (1 participant in group 1 and 2
participant in group 2). Pearson chi-square
test results showed there was no significant
difference between the groups in terms of
usage in number of medicines (P=0.78). The
mean±SD of pre-intervention and post inter-
vention TUGT and BBS scores for group 1 and
group 2 are given in Table 3.
In a between group comparison there was a

significant group × time effect for TUGT score
(P=0.001) and power =0.80 with a moderate
effect size (partial Eta-squared=0.56) as well as
a significant group × time effect for BBS score
(P=0.001) with moderate effect size (partial
Eta-squared=0.57) and power=0.81 (Table 4).
The TUGT scores did not show any significant
difference between the groups for main effects
(P=0.47), while BBS scores showed a signifi-
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Table 1. Details of exercises for group 1
and 2.

Group 1

Flexibility exercises
Hamstring stretch
Gluteus maximus and hip flexor stretch
Gastrocnemius and soleus stretch
Strengthening exercises - lower limb muscles
�  Quadriceps (sitting and straight leg raises)
�  Hamstrings
�  Gluteus maximus
�  Gluteus medius
Postural exercises
�  Head and neck
�  Trunk
Coordination exercises
�  Reciprocal leg movements
�  Bridging
�  Sitting/standing
Group 2

Sit to stand to sit
Stepping in all directions (forwards, side and back)
Reaching to limits of stability
Step up and down
Ankle, hip and upper limb balance strategy practice
Sideways reach task
Ball games

Table 2. Demographic data: comparison between group 1 and 2 using unpaired t-test.

Background information          Group 1             Group 2                   t                         P
                                                     N=35                 N=35
                                                  Males=17         Males=20
                                               Females=18     Females=15
                                                (mean±SD)     (mean±SD)

Age, year                                                 69.34±4.30              69.89±4.23                   –0.53                         0.60
Height, cm                                            159.73±9.33            159.49±7.60                   0.11                           0.91
Weight, kg                                              66.69±6.99              66.29±8.40                     0.21                           0.83
MMSE                                                     26.29±1.07              26.49±1.12                   –0.76                         0.44
Group 1, general balance and mobility exercise group; group 2, specific balance strategy training program group. SD, standard deviation;
MMSE, mini-mental state examination.
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cant difference between the groups for main
effects (P=0.001) and the effect size for main
effects on BBS score is low (partial Eta-
squared=0.19). Repeated measures analysis
showed significant difference in the pre-inter-
vention and post-intervention TUGT with a high
effect size (partial Eta-squared value) in both
groups. BBS scores pre-intervention and post-
intervention also showed significant difference
for both groups with a high effect size (partial
Eta-squared value) (Table 5).

Discussion

The findings of the study suggest that the
groups did not differ on TUGT scores (t=–
0.011, P=0.90) and BBS (t=–0.055, P=0.58)
before the intervention. While the changes
that was taking place in TUGT scores and BBS
score between groups were significantly differ-
ent over the time with different exercises
(group × time effect).
Participants receiving the specific balance-

strategy training program performed better on
both the balance scales in comparison to par-
ticipants receiving the general balance and
mobility training. Improved scores in the group
2 participants could be as a result of the com-
position of tasks they practiced. These tasks
contained elements that encouraged partici-
pants to bend, turn and reach to limits of sta-
bility (e.g., while playing a game of ball catch-
ing and throwing) on various surfaces thereby
providing added vestibular stimulation.
Vestibular stimulation occurs through various
functional tasks such as reaching to limits of
stability, sideways reaching tasks, and ball
games. This vestibular stimulation is not
focused on in the general balance-training pro-
gram. Though, it may not be the sole cause of
difference in performance of both groups, it
does have a beneficial effect when we talk
about balance training. Each workstation was
designed to focus on a specific task that
address different aspects required for balance
including functional strength, flexibility, bal-
ance strategy practice, sensory integration,
and added attention demands during function

and multi-task practice. Such interventions
encouraged speed and size of movements,
which may have increased strength and
endurance in addition to improving flexibility
and reaction time for the specific balance-
training group. Each station task was graded to
cater to various levels of ability so that partici-
pants could have the level of difficulty pro-
gressed to increase the challenge. This versa-
tility of degree of difficulty also allows for
accommodation to various levels of ability of
individual participants. This could have result-
ed in improved functional ability to balance,
able to ambulate in the environment at a faster
velocity. Support for this view comes from the
improved outcomes from a similar multi-
dimensional balance training program deliv-
ered as an individual intervention rather than
small groups.21 Participants in specific bal-
ance-strategy program practiced ball games
with varying size and weight. This might have
increased manual reaction speed as noted by
Botello et al.,22 Improved hand eye coordina-
tion also helps in maintaining visual acuity
during activities of daily living. Visual feed-
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Table 3. Descriptive statistics for timed up and go test and Berg balance scale pre- and post-intervention scores between groups 1 and 2.

Balance scale                                                                                                    Group 1                                       Group 2
                                                                                                                              N=35                                           N=35
                                                                                                                        (mean±SD)                                (mean±SD)

TUGT                                                        Pre-intervention score                                                 13.45±2.04                                                13.51±2.09
                                                                  Post-intervention score                                                10.38±1.59                                                 9.27±1.13
BBS                                                           Pre-intervention score                                                 49.74±3.78                                                50.17 ±2.62
                                                                  Post-intervention score                                                54.69±1.13                                                55.57±0.56
Group 1, general balance and mobility exercise group; group 2, specific balance strategy training program group. TUGT, timed up and go test; BBS, Berg balance scale. 

Table 4. Comparison between groups on timed up and go test and Berg balance scale scores using the analysis of co-variance.

Variable                           Comparison between groups                           F                                     P                      Partial Eta-squared
                                                                                                                                                                                         (effect size)

TUGT                                           Group 1 × group 2 (main effect)                                  0.52                                            0.47                                            0.01
                                                          Group × time (interaction)                                     41.12                                        0.001*                                         0.56
BBS                                              Group 1 × group 2 (main effect)                                 16.00                                        0.001*                                        0.195
                                                          Group × time (interaction)                                     44.66                                        0.001*                                        0.575
Group 1, general balance and mobility exercise group; group 2, specific balance strategy training program group. TUGT, timed up and go test; BBS, Berg balance scale. *Significant at 0.05 level. 

Table 5. Comparison of timed up and go test and Berg balance scale pre- and post-intervention scores within groups 1 and 2 using
repeated measures analysis.

Groups              Balance scales       Pre-intervention scores       Post-intervention scores             F                 P              Partial Eta-squared
                                                                   (mean±SD)                           (mean±SD)                                                                 (effect size)

Group 1                              TUGT                                    13.45±2.04                                          10.38±1.60                              172.75              0.001*                                0.83
                                              BBS                                     49.74±3.78                                          54.69±1.13                              100.99              0.001*                                0.74
Group 2                             TUGT                                    13.51±2.09                                           9.27±1.13                               304.26              0.001*                                0.89
                                              BBS                                     50.17±2.62                                          55.57±0.56                              166.51              0.001*                                0.83
Group 1, general balance and mobility exercise group; group 2, specific balance strategy training program group. TUGT, timed up and go test; BBS, Berg balance scale. *Significant at 0.05 level.
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back using the mirror provided to the patients
during various tasks on different surfaces that
might have led to the enhancement in balance.
This idea is supported by the findings of
Sihvonen et al., which suggest that balance
training based on visual feedback improves
balance control in frail elderly women living in
residential care.23 The sit-to-stand-to-sit com-
ponent being practiced helped in improving
lower limb strength that might have led to
improvement in post intervention scores.
Improvement in the functional mobility com-
ponent of balance may have resulted in
improved timed up and go scores with specific
balance-strategy training program while BBS
scores improved as postural correction train-
ing activities were targeted in specific balance
training strategy.
In the current study, subjects in both the

groups: Specific balance-strategy training and
the general balance and mobility exercise
group benefited from the balance training
interventions with a significant improvement
in post-intervention balance scores on TUGT
and BBS as compared to their pre-intervention
scores. The general balance and mobility exer-
cise program also showed significant improve-
ments unlike previous studies of general exer-
cise programs aimed at seniors which did not
show significant results.24-26 The improvement
shown in group 1 was less than that shown in
group 2 as effect size for both the variables
studied were more in group 2. Group 1 showed
a 22.8% improvement in TUGT scores and
9.95% improvement in BBS post-intervention
while group 2 showed a 31.38% and 10.76%
improvement respectively post-intervention. A
possible explanation could be that movement
to the limits of stability was not an integral
component nor were walking on different sur-
faces, turning and other rotational elements in
group 1. Another advantage of the workstation
application is the encouragement of self-effi-
cacy in the participants who take control of
their program by remembering what task to
practice and how to increase the challenge at
each station after consultation with the phys-
iotherapist. General exercise group also
focused on improving strength and flexibility,
but focused more on strengthening of individ-
ual muscle group rather than through func-
tional activities. Though sit-to stand compo-
nent was included in both the groups, in spe-
cific balance strategy training group, alter-
ations were made in the height of the chair
and use of upper limb as assistance. As the
patient progressed, the chair height was
reduced and the assistance of the upper limb
was minimized or removed. Also additional
motor tasks such as balancing a cup with or
without water and cognitive tasks such as
counting backwards were added while the sub-
jects performed sit to stand. In general balance
group only sit-to stand was done without any

additional task or alterations in chair height.
The result suggests that balance training

program in community-dwelling elderly popu-
lation above 65 years can improve balance
even in short time duration. The results may
have limited application in older frail adults
with history of falls as the study sample was
relatively healthy. The future interventions can
focus on fallers or frail elderly population and
can also include a longer protocol of balance
training interventions with an appropriate fol-
low up. The study was not registered in any of
the clinical trial registry.

Conclusions

This study thus concludes that the subjects
who participated in the specific balance-strat-
egy training significantly improved their func-
tional mobility, as shown on the TUGT, com-
pared to the general training group.
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