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ABSTRACT

Background: Falls are a major cause of morbidity, disability, and loss of independence among older adults.
Multicomponent exercise interventions have shown promise in improving balance and mobility while
reducing fall risk.

Objective: To compare the effects of a supervised Balance, Resistance, Aerobic, and Cognitive Exercise
(BRACE) program with conventional home-based therapy on balance, mobility, cognitive function, and
fall risk in older adults at moderate risk of falls.

Methods: A randomized controlled trial was conducted at District Headquarter Hospital, Chakwal,
Pakistan, from July to December 2018. Forty participants aged 60—80 years with Berg Balance Scale scores
of 2040 were randomly allocated to either a supervised BRACE group (n=20) or a conventional therapy
group (n=20). The supervised group received structured multicomponent exercise for 12 weeks, whereas
the control group performed home-based balance and resistance exercises. Outcomes were assessed at
baseline and at 3, 6, 9, and 12 weeks using the Berg Balance Scale, Timed Up and Go test, Montreal
Cognitive Assessment, Activities-specific Balance Confidence Scale, Elderly Mobility Scale, and Fullerton
Advanced Balance Scale.

Results: Thirty-four participants completed the study (18 supervised BRACE; 16 conventional therapy).
After 12 weeks, the supervised BRACE group demonstrated significantly better outcomes than the
conventional therapy group for Berg Balance Scale (51.70+1.74 vs. 40.06+4.42), Timed Up and Go
(10.92+2.49 vs. 15.22+1.94 seconds), Activities-specific Balance Confidence Scale (82.70+7.22 vs.
67.69+11.92), Elderly Mobility Scale (19.39+1.03 vs. 16.19+1.79), and Fullerton Advanced Balance Scale
(34.28+2.16 vs. 23.25+5.87) (all p<0.001).

Conclusion: Supervised multicomponent BRACE training was more effective than conventional home-
based therapy in improving balance, mobility, and reducing fall risk among older adults.
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Introduction

Population aging has emerged as one of the most
significant global demographic transitions, accompanied
by an increased prevalence of chronic diseases, functional
decline, frailty, and disability. Aging is characterized by a
gradual deterioration in physiological reserve, reduced
adaptability to environmental stressors, and progressive
impairment of musculoskeletal, neurological, and
cognitive functions. In contrast, successful aging has been
defined as maintaining physical and cognitive health,
preserving functional independence, and remaining
actively engaged in social and productive activities
throughout later life (2,5). Although advances in medical
care and healthcare technologies have substantially
increased life expectancy, age-related functional decline
continues to pose considerable challenges to the health and
quality of life of older adults (3,4).

Falls represent one of the leading causes of morbidity,
disability, hospitalization, institutionalization, and
mortality among older adults worldwide. A fall is defined
as an unintentional event resulting in a person coming to
rest on the ground or another lower level. The occurrence
of falls is multifactorial and is influenced by intrinsic
factors, including impaired balance, muscle weakness,
cognitive dysfunction, visual impairment, chronic medical
conditions, and the physiological changes associated with
aging, as well as extrinsic factors such as environmental
hazards, inappropriate footwear, poor lighting, unsafe
stairways, and medication-related adverse effects (6,8,9).
The incidence of falls increases progressively with
advancing age and has been reported to be particularly
high among individuals aged 65 years and above, with
women generally demonstrating a greater susceptibility
than men (10,11).

Age-related deterioration in postural control, lower limb
muscle strength, gait performance, and executive
cognitive function substantially increases the risk of falls
and loss of mobility. Functional mobility is essential for
maintaining independence in activities of daily living, and
its decline often results in reduced participation,
diminished confidence, fear of falling, and poorer health-
related quality of life. Furthermore, recurrent falls
contribute to physical injury, fractures, hospitalization,
increased healthcare expenditure, and premature
mortality, emphasizing the importance of effective
preventive interventions (9-12).

Exercise-based interventions are widely recognized as one
of the most effective non-pharmacological strategies for
preventing falls and improving physical function among
older adults. Previous studies have demonstrated that
balance training enhances postural stability, resistance
exercises improve muscular strength and endurance,
aerobic exercise promotes cardiovascular fitness and
walking capacity, while cognitive training enhances
attention, executive function, and dual-task performance,

all of which contribute to reducing fall risk (12-17).
Recent evidence further suggests that multicomponent
exercise programs integrating balance, resistance, aerobic,
and cognitive training provide greater improvements in
mobility and functional performance than single-
component interventions because they simultaneously
target multiple physiological systems involved in balance
control and locomotion (13).

Supervised exercise programs may offer additional
advantages over unsupervised home-based interventions
by ensuring correct exercise execution, maintaining
participant adherence, allowing progression according to
individual ability, and reducing the likelihood of exercise-
related injuries. Despite increasing evidence supporting
multicomponent exercise interventions, limited data are
available regarding the effectiveness of supervised
Balance, Resistance, Aerobic, and Cognitive Exercise
(BRACE) programs in improving mobility and reducing
fall risk among older adults in Pakistan. Therefore, the
present randomized controlled trial was conducted to
evaluate the effects of a supervised BRACE program
compared with conventional home-based therapy on
balance, functional mobility, cognitive function, and fall
risk among older adults with moderate risk of falling.

Material and Methods

This randomized controlled trial was conducted at the
District Headquarter Hospital, Chakwal, Pakistan,
between July 2018 and December 2018 to evaluate the
effects of a supervised multicomponent Balance,
Resistance, Aerobic, and Cognitive Exercise (BRACE)
program on mobility, balance, cognitive function, and fall
risk among older adults. The study protocol was developed
in accordance with the ethical principles outlined in the
Declaration of Helsinki. Ethical approval was obtained
from the relevant Institutional Ethical Review Committee
before the commencement of the study, and written
informed consent was obtained from all participants prior
to enrollment. Participant confidentiality and anonymity
were maintained throughout the study.

The sample size was calculated using Epitools statistical
software. A total of 46 individuals were screened for
eligibility, of whom four did not meet the inclusion criteria
and two declined participation. Consequently, 40
participants were enrolled in the study. Individuals of
either sex aged 60—80 years with a Berg Balance Scale
(BBS) score between 20 and 40, indicating a moderate risk
of falling, were included. Participants with neurological
disorders, previous fractures, a history of recent falls, or
any medical condition that could interfere with exercise
participation or outcome assessment were excluded from
the study.

Participants were recruited using purposive sampling and
were randomly allocated into either the supervised
BRACE intervention group or the conventional therapy
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group using the sealed-envelope randomization method.
Twenty participants were initially assigned to each group.
During the intervention period, two participants from the
supervised BRACE group withdrew because of personal
reasons, while four participants from the conventional
therapy group were lost to follow-up, including two due to
aggravation of shoulder pain and two because they were
unable to attend scheduled follow-up visits.

The supervised BRACE intervention consisted of a
structured multicomponent exercise program
incorporating balance, resistance, aerobic, and cognitive
training under the direct supervision of a physiotherapist.
Participants attended supervised exercise sessions three
times per week during the first eight weeks, followed by
two sessions per week from weeks 9 to 12. Exercise
intensity and progression were individualized according to
participants' functional capacity and tolerance. The
conventional therapy group received education and a
home-based exercise program primarily consisting of
balance and resistance exercises, with instructions for
independent performance throughout the study period.

Outcome assessments were performed at baseline and
after 3, 6, 9, and 12 weeks by trained assessors using
standardized and validated outcome measures. Functional
balance was assessed using the Berg Balance Scale (BBS),
cognitive function wusing the Montreal Cognitive
Assessment (MoCA), functional mobility using the Timed
Up and Go (TUGQG) test and the Elderly Mobility Scale
(EMS), balance confidence using the Activities-specific
Balance Confidence (ABC) Scale, and advanced balance
performance using the Fullerton Advanced Balance (FAB)
Scale. All assessments were conducted according to
standardized testing procedures to ensure measurement
consistency.

Data were collected using structured assessment forms
and entered into a computerized database after verification
for completeness and accuracy. Statistical analysis was
performed using IBM Statistical Package for the Social
Sciences (SPSS) version 22. Descriptive statistics were

Supervised BRACE
Conventional therapy

The gender distribution was comparable between the two
treatment groups. In the supervised BRACE group, 12
(66.7%) participants were male and 6 (33.3%) were
female, whereas the conventional therapy group included
11 (68.8%) males and 5 (31.2%) females. Within-group
analysis demonstrated statistically significant
improvements from baseline to week 12 in both
intervention groups across most outcome measures (p <
0.01). However, between-group comparisons at the
completion of the 12-week intervention revealed
significantly greater improvements in the supervised

Table 2: Gender distribution according to study group.

12 (66.7)
11 (68.8)

calculated for demographic and baseline characteristics.
Continuous variables were presented as mean =+ standard
deviation, whereas categorical variables were summarized
as frequencies and percentages. The normality of
continuous data was evaluated wusing appropriate
normality tests prior to inferential analysis. Since the data
were normally distributed (p>0.05), parametric statistical
tests were applied. Within-group comparisons across
different assessment time points were performed using
repeated-measures  analysis, while between-group
comparisons were conducted using the independent
samples t-test. A p-value of less than 0.05 was considered
statistically significant.

Results

A total of 46 older adults were screened for eligibility.
Four participants did not meet the inclusion criteria, and
two declined to participate. Consequently, 40 participants
were randomized equally into the supervised BRACE
group (n = 20) and the conventional therapy group (n =
20). During the intervention period, two participants from
the supervised BRACE group withdrew due to personal
reasons, while four participants from the conventional
therapy group were lost to follow-up, resulting in a final
analysis of 18 participants in the supervised BRACE
group and 16 participants in the conventional therapy
group. The mean age of participants was 67.17 + 5.98
years in the supervised BRACE group and 66.63 + 5.30
years in the conventional therapy group. Of the 34
participants who completed the study, 23 (67.6%) were
male and 11 (32.4%) were female.

Table 1: Demographic characteristics of study
participants who completed the intervention
Variable

Frequency (n Percentage (%

23 67.6
11 32.4
34 100.0

6 (33.3)
5(31.2)

18 (100)
16 (100)

BRACE group than in the conventional therapy group for
balance, functional mobility, balance confidence, and
advanced balance performance. No statistically significant
between-group difference was observed for cognitive
function as assessed by the Montreal Cognitive
Assessment (MoCA). Participants receiving the
supervised BRACE program demonstrated significantly
higher Berg Balance Scale, Activities-specific Balance
Confidence Scale, Elderly Mobility Scale, and Fullerton
Advanced Balance Scale scores compared with those
receiving conventional therapy after 12 weeks of
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intervention. Furthermore, the supervised BRACE group
completed the Timed Up and Go test in significantly less
time, indicating superior functional mobility. Although
both groups showed improvement in cognitive

performance over the intervention period, the between-
group difference in MoCA scores was not statistically
significant (p = 0.170).

Table 3: Comparison of clinical outcomes between Supervised BRACE and conventional therapy groups

Outcome Measures Group
S-BRACE
Berg Balance Scale (0-56)
Control
Montreal Cognitive Assessment SHERAUS
(MoCA) (0-30) Control
S-BRACE
Timed Up and Go (seconds)
Control
Activities-specific Balance SERaes
Confidence (ABC) Scale Control
S-BRACE
Elderly Mobility Scale (EMS)
Control
Fullerton Advanced Balance (FAB) SlEGS
Scale (0-40)
Control

Discussion

The present randomized controlled trial evaluated the
effectiveness of a supervised multicomponent Balance,
Resistance, Aerobic, and Cognitive Exercise (BRACE)
program compared with conventional home-based therapy
in improving balance, mobility, cognitive function, and
reducing fall risk among older adults with moderate risk

of falling. The findings demonstrated that both
intervention groups exhibited significant improvements
over the 12-week intervention period; however,
participants receiving supervised BRACE training
achieved significantly greater improvements in balance,
functional mobility, balance confidence, and advanced
balance performance than those receiving conventional
therapy. Although cognitive performance improved in
both groups, no statistically significant difference was
observed between the interventions. These findings
suggested that supervised multicomponent exercise
programs provided superior functional benefits compared
with  unsupervised home-based exercise among
community-dwelling older adults.

Baseline Week3 Week6 Week9 Week 12
312+ 36.5+ 41.8 + 47.6 + 51.70 £
3.8 3.5 3.1 2.5 1.74
31.0+ 33.2+ 358+ 38.2 40.06 +
3.6 3.7 3.9 4.2 4.42
224 + 235+ 24.8 £ 259 + 27.00 £
2.8 2.7 2.7 2.6 2.67
223+ 23.0+ 23.8 24.6 £ 25.75 +
2.6 2.5 2.5 2.5 2.48
17.8 £ 159+ 139+ 122 + 10.92 +
2.9 2.8 2.7 2.5 2.49
17.7 £ 17.0 + 16.4 + 15.8 + 15.22 +
2.8 2.6 2.4 2.1 1.94
55.2 + 62.1 + 69.8 + 76.5 + 82.70 £
9.5 8.8 8.0 7.5 7.22
55.0 £ 58.6 £ 61.8 + 64.8 £ 67.69 +
9.2 9.4 10.5 11.1 11.92
131+ 148 + 16.3 + 179+ 19.39 +
1.8 1.6 14 1.2 1.03
13.0 + 13.9 + 14.8 + 155+ 16.19 +
1.7 1.8 1.9 1.8 1.79
215+ 253+ 28.8 £ 31.8+ 34.28 +
3.4 3.0 2.8 2.4 2.16
214 + 219+ 22.4 + 228+ 23.25 +
3.5 4.0 4.6 5.1 5.87

The substantial improvement observed in balance

performance among participants receiving supervised
BRACE training was consistent with previous evidence
demonstrating that structured, supervised exercise
programs are more effective than unsupervised
interventions in enhancing postural control and reducing
fall risk in older adults. Lacroix et al. reported that
supervised balance and strength training produced
significantly greater improvements in balance and muscle
strength than home-based exercise programs because
supervision improved exercise adherence, progression,
and execution quality (13). Similarly, the present findings
indicated that regular supervision by physiotherapists may
have facilitated appropriate progression of exercise
intensity and ensured correct performance of balance and
resistance activities, thereby contributing to greater
functional gains.

The improvement in Berg Balance Scale and Fullerton
Advanced Balance Scale scores observed in the
supervised BRACE group was also supported by previous
randomized trials  investigating  balance-oriented
interventions. Bieryla and Dold demonstrated that balance
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training using interactive exercise programs significantly
enhanced postural stability and clinical balance measures
among older adults (14). Likewise, Ogaya et al. reported
that structured balance exercises performed on unstable
surfaces improved both static and dynamic balance in
elderly individuals residing in nursing homes (15). The
present study extended these findings by demonstrating
that combining balance exercises with resistance, aerobic,
and cognitive training produced clinically meaningful
improvements in multiple dimensions of balance rather
than relying on a single exercise modality.

Functional mobility, assessed using the Timed Up and Go
test and the Elderly Mobility Scale, also improved
significantly following supervised BRACE training.
These findings were consistent with previous reports
indicating that multicomponent exercise interventions
improve gait performance, lower extremity strength,
coordination, and mobility among older adults at increased
risk of falling (12,13). Improved mobility may have
resulted from the synergistic effects of resistance exercises
that enhanced muscular strength, aerobic activities that
improved endurance and walking capacity, and balance
training that enhanced neuromuscular control.
Collectively, these adaptations likely contributed to safer
and more efficient mobility during daily functional
activities.

Participants who underwent supervised BRACE training
also demonstrated significantly greater improvements in
Activities-specific Balance Confidence scores than those
receiving conventional therapy. Increased balance
confidence is clinically important because fear of falling
frequently results in reduced physical activity, functional
dependence, social isolation, and diminished quality of
life among older adults. The observed improvement
corresponded with the findings of Hatch et al., who
reported that enhanced balance performance through
targeted rehabilitation significantly increased confidence
during activities of daily living while reducing fear of
falling (16). Improved confidence may have encouraged
participants to engage more actively in routine physical
activities, thereby reinforcing functional recovery.

Although both groups demonstrated improvement in
Montreal Cognitive Assessment scores, the between-
group difference was not statistically significant. This
finding suggested that both supervised exercise and
conventional home-based exercise may have contributed
to modest improvements in cognitive performance
through increased physical activity and participant
engagement. Previous studies have reported beneficial
effects of aerobic exercise on cognitive function,
executive processing, and memory among older adults
(17). The absence of a statistically significant difference
between groups may have been attributable to the
relatively small sample size, limited intervention duration,
or the inclusion of participants with relatively preserved

baseline cognitive function, thereby reducing the potential
to detect clinically meaningful between-group differences.

Several factors may explain the superior effectiveness of
supervised BRACE training observed in the present study.
Supervised exercise ensured better adherence,
individualized  progression, immediate feedback,
correction of exercise technique, and enhanced participant
motivation. In contrast, home-based exercise programs
relied heavily on participant compliance and self-
monitoring, which may have resulted in inconsistent
exercise performance and lower adherence. These
observations further supported current recommendations
advocating supervised multicomponent exercise as an
effective strategy for fall prevention among older adults

(13).

The present study possessed several strengths. Its
randomized controlled design minimized selection bias
and enhanced internal wvalidity. The intervention
incorporated  multiple  evidence-based  exercise
components that addressed several modifiable risk factors
for falls simultaneously. Furthermore, validated outcome
measures, including the Berg Balance Scale, Timed Up
and Go test, Activities-specific Balance Confidence Scale,
Elderly Mobility Scale, Fullerton Advanced Balance
Scale, and Montreal Cognitive Assessment, provided
comprehensive evaluation of physical and cognitive
outcomes. Repeated assessments throughout the
intervention period also allowed monitoring of participant
progress over time.

Despite these strengths, several limitations should be
acknowledged. The study included a relatively small
sample size recruited from a single healthcare center,
which may limit the generalizability of the findings to
broader populations. The intervention period was limited
to 12 weeks, and long-term follow-up was not performed
to determine whether improvements were maintained over
time or translated into sustained reductions in fall
incidence. Blinding of participants and therapists was not
feasible because of the nature of the intervention,
potentially introducing performance bias. Additionally,
adherence to the home-based exercise program was not
objectively monitored, which may have influenced the
observed between-group differences.

Future research should include multicenter randomized
controlled trials with larger and more diverse populations,
extended intervention periods, and long-term follow-up to
evaluate the sustainability of treatment effects and actual
fall incidence. Further studies should also investigate cost-
effectiveness, participant adherence, quality of life,
psychological outcomes, and the integration of
technology-assisted or tele-rehabilitation approaches to
enhance accessibility and long-term compliance with
supervised multicomponent exercise programs. Such
evidence would further strengthen recommendations for
implementing structured exercise interventions within
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routine geriatric rehabilitation and community healthcare
services.

Conclusion
The present study concluded that a supervised
multicomponent Balance, Resistance, Aerobic, and

Cognitive Exercise (BRACE) program was more effective
than conventional home based therapy in improving
balance, functional mobility, balance confidence, and
reducing fall risk among older adults, while both
interventions produced comparable improvements in
cognitive function. These findings supported the
incorporation of supervised multicomponent exercise
programs into routine geriatric rehabilitation and
community healthcare services to promote functional
independence, prevent falls, improve quality of life, and
reduce the healthcare burden associated with fall related
injuries in the aging population.
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