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Introduction. A parallel group Randomized Controlled Trial was aimed
to determine the impact of a group exercise programme on fall risk and
its modifiable risk factors in older adults.

Methods. 86 older adults having increased fall risk were assigned to
group exercise programme or individualized exercise programme. In-
tervention consisted of warm up, balance retraining exercises and cool-
down and lower limb strengthening exercises derived from Otago Exer-
cise Programme (OEP) forming the core program for 2 times in a week
for the period of 10 weeks. Demographic data, Timed Up and Go test,
5-times sit to stand test, sway index and dynamic postural stability,fear
of fall and physical and mental components of Quality of Life were as-
sessed before and after 10 weeks and after 6 months of intervention.
Results. A significant intra-group effect was demonstrated for both
groups at post-intervention in all the outcomes, (p < 0.005). No differenc-
es were observed between groups for any outcome (p > 0.005) except
SF 12 score which was improved more in experimental group(p > 0.005).
Conclusions. Group exercise program was effective in reducing fall
risk and fear of fall, improving balance and lower extremity strength and
enhancing the quality of life of older adults.
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INTRODUCTION

Aging is generally associated with progressive decline in functional status
and psychological health, as well as increased risk of co-morbidities .
These health-related impairments are primarily responsible for falls, which
represent one of the most common and serious public health problems for
older adults 2.

Falls are a significant contributor to hospital admissions in older adults ©.
Approximately 30% of generally healthy adults over the age of 60 years
experience a fall every year, and roughly half of them have recurring falls *.
The consequences of falls can range from minor injuries, such as soft tissue
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injuries, sprains, and strains to fractures and sometimes
even death °. Falls may affect the confidence level of
an individual leading to functional decline, dependency,
and reduced quality of life 6. WHO defines Quality of Life
as an individual’'s perception of their position in life in the
context of the culture and value systems in which they
live and in relation to their goals, expectations, stand-
ards and concerns ”.

The fall risk factors in older adults consist of intrinsic
factors, such as physiological changes of aging, frailty,
pathological changes, and extrinsic factors including
environmental and situational factors 8. Previous study
demonstrated that impaired balance and decreased
lower extremity strength are important and modifiable
risk factors for the loss of physical function and falls
in older adults. Maintaining balance requires complex
interactions between peripheral and central factors,
such as vision, somato-sensation, vestibular sensation,
motor output, and musculature. These factors decline
with advancing age, further decreasing strength and
balance °'°. Along with a loss of balance, increased fall
risk is associated with aging because decreased mus-
cle mass leads to atrophy, which, in turn, decreases
muscle function 2, Age-related deterioration in bal-
ance negatively impacts daily activities and is a major
cause of falls 8.

Among behavioral risk factors, alcohol use, sleep
disorders,some medications, fear of falling due to pre-
vious fall history, and poor footwear often contribute to
falls 15, Fear of falling is defined as a lasting concern
about falling that can lead an individual to avoid activi-
ties in spite of being capable of performing 6. There-
fore psychological consequences of falls can lead to
de-conditioning,increased risk of falling, limiting social
interaction, isolation, further leading to anxiety and de-
pression 7.

Environmental factors also contribute to the risk of falls
in older adults. Many of the households of older adults
contain a variety of environmental hazards which are
some of the causes of falls among older adults 8.

The economic consequences of falls are a major prob-
lem for older adults, their caregivers, and the society
which include potential healthcare costs, such as medi-
cal treatment, rehabilitation, and home modification
after falls '°. Therefore, savings in healthcare costs can
be expected if falls are reduced. From a public health
perspective, it is also important to assess the effective-
ness of interventions to determine if they are cost effec-
tive, sustainable, and acceptable to older adults in the
long term 2°.

Researchers stated that therapeutic exercise maximiz-
es stability in older adults through balance and mobility
improvement, thus reducing fall risk 2'. Effective inter-
ventions contain balance training, supervised strength

and endurance training, Tai Chi and home exercise
prescribed by a physiotherapist. Supervised general
group exercise has also been found to be effective in
reducing the risk of falls in older adults ?2. The Otago Ex-
ercise Programme (OEP) is a well-designed, thoroughly
tested fall prevention programme that targets strength
and balance deficits and can lead to a reduction in falls
by approximately one-third . However, it is not known
whether implementing the programme in a group set-
ting will be effective in reducing falls and subsequent
injuries by achieving the required outcomes.

Various reasons were proposed for implementing group
exercising, including creating a sense of responsibility
for exercise among the participants, and having a posi-
tive effect on psychological function 23, However, few
studies have been conducted to determine the effec-
tiveness of group exercise targeted to older adults in
preventing falls 24, Although many studies have been
conducted in the area of fall prevention, reevaluations
of those strategies in different modes are warranted.
Therefore, this study was conducted to determine the
impact of a group exercise programme on fall risk and
its modifiable risk factors in older adults.

MATERIALS AND METHODS

The present study received approval from the Institu-
tional Ethics Committee of the Pravara Institute of Medi-
cal Sciences [DU], Loni, Taluka Rahata, Ahmednagar,
Maharashtra, India 413736 (PMT/PIMS/IEC/2014/161).
The study was a parallel group, randomized, controlled
trial (Reg.no: CTRI/2016/06/007014). This study was
conducted in Technological Educational Institute of
Western Greece under Erasmus Mundus Action 2, Lot
13, 1%t cohort of Euphrates Scholarship programme of
European Union which was awarded to principal inves-
tigator (Project no. 2013-2540/001-001).

We approached older adults visiting the Open Day Care
Centers for the Elderly (KAPI in Greek) and asked them
if they were concerned about their balance. Then, they
were screened for eligibility based on the criteria. i.e.
older adults of both genders who were over 60 years
of age, had fall risk (TUG score > 12 seconds), fear of
falling (FES score > 19), were not involved in a regular
exercise program, and who volunteered to participate
were included in the study. We excluded older adults
with a history of traumatic falls in past year, those with
uncontrolled cardiovascular disease, cognitive impair-
ments, physical deterioration due to the severity of
associated comorbidities, neurological disorders, and
severe depression, along with those who were under-
going palliative care, had an amputation, and had a
prosthetic limb.
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PROCEDURE

Individuals were briefed about the study through an
informative lecture and a detailed information sheet. Af-
terwards, written informed consent was obtained from
each participant. The demographic data and baseline
assessments were performed. The experimental group
consisted of 47 older adults who participated in a group
exercise program supervised by a physiotherapist,
with assistance of another physiotherapist to ensure
the safety of the participants and the accuracy of the
intervention protocol. Each group consisted of six par-
ticipants.

In the control group, 47 older adults received individu-
alized exercise program, under the supervision of the
physiotherapist. Both groups performed the interven-
tion 2 times in a week for 10 weeks. The duration of
each session was initially 30 minutes, then progressed
to 60 minutes. The intervention for both groups includ-
ed warm up, lower limb strengthening with resistance
bands, balance retraining, and cool down. Warm up
consisted of spot marching for 30 seconds progress-
ing to 1 minute and mild stretching of the large muscle
groups. Each stretch was held for 8-10 seconds. Lower
limb strengthening exercises were performed using
elastic resistance bands varying from low resistance to
high resistance. The lower limb strengthening exercises
and balance retraining exercises that were performed
by both intervention groups were derived from the
Otago exercise program. However, in our study, the
strengthening exercises were performed with the re-
sistance bands of different colors. The intensity of the
exercise was based on the Borg Rating of Perceived
Exertion (RPE), which was defined by level of difficulty
and fatigue, with the number of repetitions starting from
12-13 RPE (somewhat hard) and progressing to 14-16
RPE (hard) with 10-15 repetitions (moderate resistance
until muscle fatigue) and then 8-12 (high resistance
until muscle fatigue). The resistance was increased by
adding difficulty level by using bands with a different
color or by increasing the number of sets that were per-
formed. The program began with 1 set and progressed
to 2-3 sets of exercises, with 2 minutes of rest between
sets. Target muscle groups were hip extensors and ab-
ductors, knee flexors and extensors, quadriceps, ankle
plantar, and dorsiflexors °.

Balance retraining exercises consisted of sit-to-stand
and knee squats, starting with 10 repetitions with sup-
port and progressing to 3 sets of 10 repetitions without
support. The exercises included tandem stance and
single limb standing with support and eyes open. Then,
the exercises progressed to tandem standing and
tandem walking with eyes closed for 10 seconds with-
out support. Walking backwards, sideways walking,

walking, and turning around 10 steps was performed
4 times by the participants with support and without
support. The difficulty level was increased by minimizing
the support. The cool down included mildly stretching
the large muscles groups, where each stretch was held
for 12-20 seconds °.

RANDOMIZATION AND ALLOCATION

The sample size for the present study was 86 which
was estimated with open epi software. The randomi-
zation of the participants for the two groups was un-
dertaken using permuted block randomization method.
A blind investigator generated the sequence using
computer generated blocks in software and prepared
sealed envelopes, which were opaque for confidential-
ity. Participants were randomly assigned to intervention
groups with a block size of six. The allocation ratio was
1:1 (intervention group: control group).

BLINDING

Investigators who performed baseline and post inter-
vention assessment and the statistician who analyzed
the data were blinded to the intervention group alloca-
tion.

OUTCOME MEASURES

Timed Up and Go test

This test was used to assess fall risk and functional
performance of the participants. The TUG is a timed
performance of getting up from a chair, walking 3 m,
turning around, and walking back to sit down again The
cutoff point was 12 seconds based on the findings from
previous study 5. It has a high retest reliability in healthy
older patients (ICC = 0.92) and high inter- and intra-
rater reliabilities (ICC = 0.99 for both) 26,

The Falls Efficacy Scale International (FES-I)
Greek version

This is a self-report questionnaire, developed and
validated by the Prevention of Falls Network Europe
(ProFaNE). This provides information on level of con-
cern regarding falls for a range of daily living activities.
FES-I scores range from 16 to 64. Scores of 16-19,
20-27, and 28-64 indicate low, medium, and high
levels of concern about falling, respectively. The FES-I
test has excellent reliability and validity across differ-
ent cultures and languages.(Cronbach’s alpha = 0.96;
ICC = 0.96) 2728,

Five Times sit to stand test (FTSTST)

The Five Times Sit to Stand Test (FTSTST)is used to
assess lower limb strength, balance ability, and fall risk.
During this test, the participants are instructed to stand
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up and sit down on a straight-backed firm chair with no
armrests as quickly as possible five times with the arms
folded. Scoring is based on the number of seconds
needed to complete the test 2°.

Short Form 12 (SF-12)

The Short Form 12 (SF-12) was used to examine the
quality of life (QoL) of the participants and uses 12
questions to measure functional health and wellbeing
from the participant’s perspective. The score was given
in the form of a Physical Composite Score (PCS) and a
Mental Composite Score (MCS) >

Modified Clinical Test of Sensory Integration
of Balance (m-CTSIB)

Is a standardized test for balance assessment. The
Sway Index is an objective quantification of postural
sway, which is assessed by the m-CTSIB using the Bio-
dex Balance Systemg,®, which identifies mild to severe
balance problems with the three associated sensory
systems. This test provides a more accurate and ob-
jective assessment tool for evaluating postural stability.
During the test, participants who are more unsteady
have higher Sway Index scores *'.

Limits of Stability (LOS)

Dynamic control using the stability index was assessed
by the Limits of stability [LOS] test on Biodex Balance
Systemg,® within a normalized sway envelope, which
challenges participants to move and control their center
of gravity within their base of support 3.

RESULTS

All data were analyzed using the Statistical Package for
the Social Sciences (SPSS, version 20.0; IBM Corpora-
tion, Armonk, NY, USA). All variables were presented
as means and standard deviations. A Repeated Meas-
ures Analysis of variance (ANOVA) tests with repeated
measures were conducted to determine the impact of
the group and individualized exercise programs on fall
risk, fear of falling, sway index, limits of stability, and
lower limb strength, along with quality of life measures,
such as mental and physical components. Group (i.e.,
experimental versus control) was used as the between-
subjects factor, and time of measurement (baseline
versus 10 weeks versus 6 months) as a within-subjects
factor. F-statistic, eta-squared (%), and p-values were
reported. The alpha level was adjusted to 0.05 to control
for Type | errors using the Bonferroni method. If an in-
teraction was significant, a Repeated Measures ANOVA
test was performed for the time factor. A conservative
p-value cutoff of 0.01 was used to determine statistical

significance for the Repeated Measures ANOVA tests.
Based on the data of the participants in the study, Ex-
perimental Group A consisted of 2 (4.4%) males and
45 (95.7%) females, while control group B consisted of
10 (21.2%) males and 37 (82.2%) females. The above
distribution suggests female predominance in these
groups (Tabs. I-I).

RepeateD MEASURES ANOVA: FES-I

To investigate the temporal relationships of the group
scores with the follow-up, contrasts were investigated,
comparing all time points against the initial score (base-
line) (Tabs. IlI-1V)

RepeateD MEasures ANOVA: TUG

(Tabs. V,VI)

RepeateD MEASURES ANOVA: Five TiMES SiT To STAND
TesT (BTSTST)

(Tabs. VILVII)

RepeaTED MEASURES ANOVA: mobpIFIED CLINICAL TEST
oF SENsORY INTEGRATION oF M-CTSIB

(Tabs. IX,X)

Repeatep Measures ANOVA: LimiTs oF StasiLiTy
(LOS)

(Tabs. XI,XIl)

RepeateD MEASURES ANOVA: PHysicaL COMPONENT
SummaRy (PCS)

(Tabs. XIII,XIV)

RepeaTeED MEASURES ANOVA: MEeNTAL COMPONENT
Summary (MCS)

(Tabs. XV,XVI)

DISCUSSION

This study evaluated the impact of a group exercise
program, as compared to individualized interventions,

Table I. Demographic data of participants.

Group Total

Variables |  Experimental Control Fhe | (n=94)

(n=47) (n=47)
Mean + SD Mean + SD Mean + SD

Age 69.02 £ 5.15 71.11+4.16 |4.66, | 70.06 =
-~ 477

BMI 23.88 +1.91 2526 +1.62 | 14.16 | 24.57 =
oy ™ 1.89

*p< 0.05** p< 0.01
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Table II. RM-ANOVA Tests of Within — subject effects showing changes in variables.
Variable Group Mean SD Significance
Pre Post Follow-up Time GroupX |TimeX |TimeX |TimeX
Time Age Gender | BMI
TUG EG 13.69+1.12 | 8.44+1.84 9.67 + 2.04 0.000 0.13 0.02 0.81 0.31
CG 1347 +1.6 915+1.9 10.45+ 2.0
5TSTST EG 2111 +48 | 12.08 +3.66 | 13.08 = 4.16 0.54 0.08 0.68 0.54 0.9
CG 19.64 +4.36 | 1254 +3.87 | 14.1+3.82
FES EG 30.08 + 8.3 21.2+56 20.3 +4.02 0.9 0.01 0.24 0.09 0.68
CG 29.4+8.8 21+49 23.3+5.72
m-CTSIB EG 1.76 +0.43 | 1.35+0.37 1.56 + 0.38 0.39 0.54 0.95 0.82 0.58
CG 2.0 + 0.56 1.41+0.48 1.68 +0.48
LOS EG 409+122 | 53.7+141 47 +12.6 0.2 0.09 0.24 0.46 0.98
CG 388+114 | 576+135 | 49.8+128
PCS EG 441 + 6.31 50.1 +5.75 + 0.78 0.00 0.62 0.63 0.77
CG 47.5 + 6.96 489 + 6.4 +
MCS EG 50.4+589 | 549+522 | 52.45+543 0.49 0.00 0.37 0.2 0.01
CG 472 +7.84 | 49.8+8.71 48.6 + 8.39
Table lll. Simple main effect: Pair wise comparisons: groups — FES.
Time (I) Group_N (J) Group_N Mean difference (I-J) | Std. Error Sig. ? 95% Confidence interval for
difference 2
Lower bound Upper bound
1 Experimental Control 1.79 217 414 -2.55 6.12
Control Experimental -1.79 217 414 -6.12 2.55
2 Experimental Control 0.58 1.37 .675 -2.17 3.32
Control Experimental -0.58 1.37 .675 -3.32 217
3 Experimental Contro -2.40 1.21 .051 -4.82 0.01
Control Experimental 2.40 1.21 .051 -0.01 4.82

on fall risk and it's modifiable risk factors for fall in older
individuals and increasing participation in the exercises.
Fear of faling is considered to be a strong predictor of
falls for older adults '8, In our study, the fear of falling
and fall risk appeared to be common in participants with
an average age of 70.06 + 4.77 years. The results of
the study showed that within each group, the baseline
FES scores showed a statistically significant difference
from both short-term (10 weeks) post-intervention
scores and long-term (6 months) post-intervention
scores (p < 0.005). A comparison of the short-term and
the long-term post-intervention FES scores within the
experimental group showed no statistically significant
difference (p = 0.21), stating that the effect declined in
long-term follow up, whereas these FES scores for the
control group showed a statistically significant difference
(o < 0.005). On the other hand, between group com-
parison showed no statistically significant difference in
the FES scores between the experimental group and
the control group post intervention (o = 0.67) and in long

term follow up (p = 0.51).These results were consistent
with findings reported by Gusi et al. (2012) who studied a
12-week dynamic balance training program in a geriatric
setting and achieved a 3% decrease in the fear of fall-
ing, as measured by the Falls Efficacy Scale International
questionnaire 2. The study also stated that the inter-
vention was feasible and effective in reducing the fear
of falling and improving dynamic balance and isometric
strength %2, Similarly, other studies that evaluated the ef-
fects of various exercise programs on the fear of falling
in older adults support these results. FOF is associated
with intrinsic properties, such as physical strength and
balance. Therefore, improvements in strength and bal-
ance may lead to a reduction in FOF, improvements in
functional status, and the prevention of deconditioning,
which may ultimately reduce fall risk 2,

Fall risk and functional status of older adults was
assessed with Timed Up and Go test. No statisti-
cally significant difference was present between the
groups when comparing their respective short-term
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Table IV. Simple main effect: Pairwise comparisons: time — FES.

Group (I) Time (J) Time Mean difference | Std. Error Sig.” 95% Confidence interval for
(I-J) difference®
Lower bound Upper bound
Experimental 1 2 9.60° 91 .000 7.38 11.82
3 10.44° .93 .000 8.16 12.72
2 1 -9.60" 91 .000 -11.82 -7.38
3 .842 46 210 -.28 1.97
3 1 -10.44 .93 .000 -12.72 -8.16
2 -.84 46 210 -1.97 .28

Control 1 2 8.39° 1.04 .000 5.84 10.94
3 6.25 1.07 .000 3.64 8.86
2 1 -8.39 1.04 .000 -10.94 -5.84
3 214 .52 .000 -3.43 -.85
3 1 -6.25 1.07 .000 -8.86 -3.64
2 214 .52 .000 .85 3.43

Table V. Simple main effect; Pairwise comparisons of groups — TUG.

Time (I) Group_N (J) Group_N Mean Std. Error Sig.” 95% confidence interval for
difference difference *

(-J) Lower bound Upper

bound

1 Experimental Control 516 332 125 -.146 1.179
Control Experimental -.516 332 125 -1.179 146
2 Experimental Control -.044 443 922 -.928 .840
Control Experimental .044 443 922 -.840 .928
3 Experimental Control -.092 464 .844 -1.018 .835
Control Experimental .092 464 .844 -.835 1.018

Table VI. Simple main eEffect: Pairwise comparisons of time — TUG.

Group Mean difference Std. Error Sig. * 95% Confidence interval for
(1-J) lower bound upper bound difference ®
Experimental 1 2 5.03* 0.22 .000 4.49 5.58
3 3.80* 0.23 .000 3.24 4.36
2 1 -5.03 0.22 .000 -5.58 -4.49
3 -1.24 0.17 .000 -1.65 -0.83
3 1 -3.8 0.23 .000 -4.36 -3.24
2 1.24* 0.17 .000 0.83 1.65
Control 1 2 4.47* 0.26 .000 3.85 5.10
3 3.19* 0.26 .000 2.55 3.83
2 1 -4.47 0.26 .000 -5.10 -3.85
3 -1.29 0.19 .000 -1.75 -0.82
3 1 -3.19 0.26 .000 -3.83 -2.55
2 1.29* 0.19 .000 0.82 1.75
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Table VII. Simple main effect: Pairwise comparisons: groups — 5TSTS.
Time () Group_N (J) Group_N Mean Std. Error Sig. ? 95% Confidence interval for
difference difference *
(-J) Lower bound | Upper bound
1 Experimental Control 2.346 1.137 .043 077 4.615
Control Experimental -2.346 1.137 .043 -4.615 -077
2 Experimental Control 414 924 .656 -1.430 2.257
Control Experimental -414 924 .656 -2.257 1.430
3 Experimental Control 717 .981 .468 -1.241 2.674
Control Experimental -717 .981 468 -2.674 1.241
Table VIII. Simple main effects: pairwaise comparison of time-5TSTST.
Group Time (l) Time (J) Mean Std. Error Sig.® | 95% Confidence interval for difference °
d'ffgfj;'ce Lower Bound Upper Bound
Experimental 1 2 9.030° .647 .000 7.442 10.618"
3 7.205 .621 .000 5.680 8.730°
2 1 -9.030° .647 .000 -10.618 -7.442
3 -1.825 .303 .000 -2.569 -1.082
3 1 -7.205° .621 .000 -8.730 -5.680"
2 1.825 .303 .000 1.082 2.569
Control 1 2 7.097 742 .000 5.277 8.918
3 5.575 712 .000 3.827 7.323
2 1 -7.097 742 .000 -8.918 -5.277
3 -1.522" .347 .000 -2.374 -.670°
3 1 -5.575" 712 .000 -7.323 -3.827
2 1.522° .347 .000 670 2.374

Table IX. Simple main effects pairwaise comparison of groups-m-CTSIB.

Time (I) Group_N (J) Group_N Mean Std. Error Sig. ? 95% Confidence interval for
difference difference *

(-J) Lower bound Upper bound
1 Experimental Control -.195 125 124 -.444 .055
Control Experimental 195 125 124 -.055 444
2 Experimental Control .023 105 .830 -.187 .233
Control Experimental -.023 105 .830 -.233 187
3 Experimental Control -.054 107 617 -.266 159
Control Experimental .054 107 617 -.159 .266

post-intervention scores (p = 0.922) and their long-term
post-intervention scores (p = 0.844). However, within
each group, the scores showed statistically significant
differences when comparing the baseline scores to the
short-term and long-term scores (p < 0.005). These
results suggest that the supervised group exercise
program and the individualized exercise program had
a positive impact on reducing fall risk. However, based
on the analysis, there was no statistically significant dif-
ference between the groups. This result was attributed

to improvements in the balance and strength of the
participants, which are strong factors related to fall risk
in older adults. These results are also supported by
findings from a study by Zhuang J. et al. (2014), which
evaluated the effectiveness of a 12-week, balance exer-
cises, strength training, Tai-Chi, and flexibility/stretching
exercises for older Chinese community-dwellers. And
suggested that there was significant improvement in
mobility and balance, which was required to perform
basic daily living activities 3.
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Table X. Simple main effects pairwise comparison of time: m-CTSIB.

Group Time(l) Time(J) Mean Std. Error Sig.” 95% Confidence interval for
difference (I-J) difference®
Lower bound Upper bound

Experimental 1 2 402 .069 .000 233 5717
3 198" .044 .000 .090 305
2 1 -.402° .069 .000 -.571 -.233
3 -.204 .045 .000 -.315 -.093
3 1 -.198° .044 .000 -.305 -.090
2 204 .045 .000 .093 315
Control 1 2 619 .079 .000 426 813
3 .339° .050 .000 216 462
2 1 -.619° .079 .000 -.813 -.426
3 -.280° .052 .000 -.408 -153
3 1 -.339 .050 .000 -.462 -.216°
2 .280° .052 .000 153 408

Table XI. Simple main effects pairwise comparison of groups -LOS.

Time (1) Group (J) Group_N Mean Std. Error Sig.” 95% Confidence interval for
difference difference *
(-J) Lower bound | Upper bound

LOS 1 Experimental Control 1.45 3.1 .644 -4.77 7.66
Control Experimental -1.45 3.1 .644 -7.66 4.77

2 Experimental Control -4.49 3.70 .229 -11.87 2.89

Control Experimental 4.49 3.70 229 -2.89 11.87

3 Experimental Control -3.60 3.37 .290 -10.33 3.13

Control Experimental 3.60 3.37 290 -3.13 10.33

Table XII. Simple main effects: Pairwise comparisons: time — LOS.

Group (I) Time (J) Time | Mean difference Std. Error Sig." 95% Confidence interval for
(1-J) difference *
Lower bound Upper bound
Experimental 1 2 -12.84* 1.49 .000 -16.49 -9.18
3 -6.01* 1.12 .000 -8.75 -3.27
2 1 12.84 * 1.49 .000 9.18 16.49
3 6.83 1.13 .000 4.05 9.60
3 1 6.01* 1.12 .000 3.27 8.75
2 -6.83 * 1.13 .000 -9.60 -4.05
Control 1 2 -18.77* 1.71 .000 -22.97 -14.58
3 -11.05* 1.28 .000 -14.20 -7.91
2 1 18.77 * 1.71 .000 14.58 22.97
3 7.72* 1.30 .000 4.54 10.91
3 1 11.05* 1.28 .000 7.91 14.20
2 -7.72* 1.30 .000 -10.91 -4.54

Similar results were obtained in a study by Maritz et the lower extremity muscle strength and the functional
al. (2013), which evaluated the impact of a 10-week,  mobility of healthy elderly individuals. The results sug-
moderate intensity, group-based exercise program fo-  gested that the exercise intervention had a positive ef-
cusing on strength, condition, and balance training on  fect on lower extremity strength and functional mobility,
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Table XIII. Simple main effects: Pairwise comparisons: group: PCS.
Time () Group (J) Group_N Mean difference | Std. Error Sig.® 95% Confidence interval for
(1-J) difference ®
Lower bound Upper bound
1 Experimental Control -1.85 1.78 0.30 -5.40 1.69
Control Experimental 1.85 1.78 0.30 -1.69 5.40
2 Experimental Control 2.16 1.68 0.20 -1.20 5.51
Control Experimental -2.16 1.68 0.20 -5.51 1.20
3 Experimental Control 0.24 1.71 0.89 -3.18 3.65
Control Experimental -0.24 1.71 0.89 -3.65 3.18
Table XIV. Simple main effects: Pairwise comparisons: time-PCS.
Group (I) Time (J) Time | Mean difference (I-J) | Std. Error Sig.” 95% Confidence Interval for
difference ®
Lower bound Upper bound
Experimental 1 2 -6.00 * 0.38 0.00 -6.95 -5.06
3 -3.01* 0.27 0.00 -3.68 -2.33
2 1 6.00 * 0.38 0.00 5.06 6.95
3 3.00 * 0.28 0.00 2.31 3.69
3 1 3.01* 0.27 0.00 2.33 3.68
2 -3.00* 0.28 0.00 -3.69 -2.31
Control 1 2 -1.99* 0.44 0.00 -3.08 -0.91
3 -0.91* 0.32 0.02 -1.69 -0.14
2 1 1.99* 0.44 0.00 0.91 3.08
3 1.08 * 0.32 0.00 0.29 1.87
3 1 091~ 0.32 0.02 0.14 1.69
2 -1.08 * 0.32 0.00 -1.87 -0.29
Table XV. Simple main effects; Pairwise comparisons: groups — MCS.
Time (I) Group (J) Group_N Mean difference (I-J) Std. Sig. ? 95% Confidence interval for
Error difference 2
Lower bound Upper bound
1 Experimental Control 2.05 1.79 0.26 -1.52 5.61
Control Experimental -2.05 1.79 0.26 -5.61 1.52
2 Experimental Control 478 * 1.84 0.01 1.12 8.45
Control Experimental -4.78 * 1.84 0.01 -8.45 -1.12
3 Experimental Control 3.28 1.82 0.08 -0.35 6.92
Control Experimental -3.28 1.82 0.08 -6.92 0.35

also reduced the fall risk among community-dwelling
adults *. These results have been ascribed to the re-
lationship between the fear of falling and the balance
during functional tasks. A previous study indicated that
older adults with impaired balance have a fear of falling
due to these balance limitations. Hence, improvements
in balance may reduce the fear of falling .

Similarly, a study done by Robertson et al. (2001) stated
that Otago Exercise Program (OEP) can improve func-
tional capacity, which is a good predictor for balance,

and can increase physical performance . Another
study, conducted by Lindy Clemson et al. (2012) on a
structured Lifestyle integrated Functional Exercise (LiFE)
program, consisting of balance and lower limb strength
training into daily routines led to improved static and
dynamic balance, thus highlighted the importance of
balance exercises in mitigating fall risk. Also showed
steady improvements in their functional activities, and
variable gains for knee and hip strength 7.

Studies have confirmed that impaired balance is a
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Table XVI. Simple main eEffects: Pairwise comparisons: time — MCS.

Group (I) Time (J) Time Mean difference Std. Sig.® 95% Confidence interval for difference ®
(-J) Error Lower bound Upper bound
Experimental 1 2 -4.91~ 0.45 0.00 -6.01 -3.80
3 -2.32* 0.36 0.00 -3.21 -1.43
2 1 491~ 0.45 0.00 3.80 6.01
3 2.59* 0.31 0.00 1.82 3.36
3 1 2.32* 0.36 0.00 1.43 3.21
2 -2.59* 0.31 0.00 -3.36 -1.82
Control 1 2 -217* 0.51 0.00 -3.43 -0.91
3 -1.08 * 0.42 0.03 -2.10 -0.06
2 1 217~ 0.51 0.00 0.91 3.43
3 1.09* 0.36 0.01 0.20 1.97
3 1 1.08 * 0.42 0.03 0.06 2.10
2 -1.09* 0.36 0.01 -1.97 -0.20

strong risk factor for falls and exercise improves bal-
ance and mobility, thus preventing falls among older
adults %, Improving balance was an important outcome
for participants in both groups. The results of the study
showed improvements in balance by reducing the sway
index and by improving dynamic stability. In this study,
sway index was measured in terms of m-CTSIB. RM-
ANOVA tests of within subject effects showed statisti-
cally significant differences between time from baseline
to 10 weeks post intervention to long term follow up
(o < 0.0001). However, between groups, there were
no statistically significant differences after 10 weeks
(o = 0.83), as well as at the long-term follow-up
(o = 0.61). Similar findings were reported by Barnett,
Smith et al. (2003) after implementing a multi-modal,
weekly, supervised exercise program with ancillary
home exercises for participants over 65 years of age.
They found that the rate of falls was 40% lower in the
exercise group compared to the control group. In ad-
dition, the exercise group performed significantly better
on balance measures. In both of the above-mentioned
training programs, a decrease in falls was observed,
which suggests that exercise generally has a positive
impact on reducing falls and may have a greater effect
on dynamic balance than on static balance .

The sway reduction that was observed could be partly
attributed to improved strength and greater activation in
the ankle muscles, which are known to play a primary
role in static postural control. This consideration is fur-
ther supported by previous studies that demonstrate
that selectively improving the strength of the ankle
dorsiflexors can be effective in reducing postural sway
in older adults. This improvement was the result of an
increased reliance on the ankle mechanism to maintain
balance, and at the same time, older adults avoided
using the more “fall-prone” hip strategy . Supporting

this evidence, Sofianidis et al. (2009) stated that prac-
ticing traditional Greek dances may also increase the
contribution of the ankle mechanism in static postural
control, possibly by enhancing the active control of an-
kle stiffness “°.

Dynamic stability, which was measured in terms of LOS,
both training groups showed a significant difference
between the baseline, post intervention, and long-term
scores (p < 0.0001).However, there was no statistically
significant difference between the experimental and the
control groups after 10 weeks (p = 0.22), as well as at
the long-term follow-up (p = 0.29). These results are
in accordance with a study conducted by Islam et al.
(2004), who reported an increase in the limits-of-stabili-
ty maximum excursion in both anteroposterior (AP) and
mediolateral (ML) directions after a 12-week balance-
training program “'. The balance retraining exercises
in the current intervention integrated both static and
dynamic balance activities. These results are consist-
ent with findings from previous research, which stated
that the integration of balance and strength training into
daily life reduces the rate of falls and maintains optimal
levels of function in older people. One of the possible
explanations may be improved neuromuscular control
during standing, which may have resulted from the hip
load/unload mechanism being challenged during bal-
ance retraining activities 742,

Similarly, Seidler and Martin (1997) reported an in-
creased backward leaning distance in both fallers and
non-fallers after a short-term balance-training pro-
gram “°. These results suggest that both group exercise
and individualized exercise programs were similar in
scope and specificity, while providing sufficient intensity,
to produce gains in balance. The increase in the limits-
of-stability test scores may be sign of the improved
ability of the individuals to utilize an ankle strategy in
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balance control. Dynamic exercises during the interven-
tion challenged the contribution of the somatosensory
system to balance the input of cutaneous receptors,
which increased their reliance on muscle and joint
proprioception, as well as visual and vestibular inputs.
In the eyes-closed condition, balance control shifts to
vestibular and proprioceptive control. Determining the
difference between the eyes-open and eyes-closed
conditions assists in identifying the contribution of vi-
sion to balance. Reliance on visual inputs in balance
control increases with age. However, at the same time,
a general reduction in visual functioning also occurs.
Therefore, the contribution of other systems to postural
control becomes increasingly important with age *°.
Another study done on older adults demonstrated that
the adults who participated in proprioceptive physical
activities utilized greater proprioceptive inputs to regu-
late their balance. Thus, balance-specific training and
proprioceptive activities appear to help train vestibular
and proprioceptive systems for better balance con-
trol 44,

Previous studies suggested various mechanisms for
improvements in balance, which can be achieved by
strengthening the effectors system. Repeated motor
practice enhances motor strength, speed, and endur-
ance. Improving proprioception, reaction time, and sen-
sorimotor coupling contributes to the adaptation and
recovery of neuronal pathways “.

In this study, improvement in lower extremity strength
was shown by both groups after 10 weeks and 6 months
post intervention compared to baseline (p < 0.0001).
without any statistically significant difference in between
group comparison post intervention (p = 0.65) and
long-term follow-up (p = 0.46).The possible explanation
increased muscle strength in both the groups can be
the result of neural adaptations and an increase in mus-
cle fiber size. In accordance with the specificity principle
of exercise training, the adaptive effects of training are
highly specific to the training method employed 4.
Researchers have stated that fall risk increases with
age because of a decrease in muscle mass, which de-
creases muscle function. Studies also provide evidence
that older muscles respond vigorously to resistance
training with increased motor activation, while myofiber
hypertrophy can increase muscle mass, strength, and
power. These improvements facilitate the performance
of daily activities, enhance energy expenditure and
body composition, and promote participation in spon-
taneous physical activity 7. Another study reported that
improvements in lower extremity strength improve bal-
ance in older adults *2,

In addition to these findings, researchers have reported
that strength exercises using elastic resistance are
practical as they have a small risk of injury, provide

consistent tension, and are easily portable and inex-
pensive. Elastic-resistance exercises help during reha-
bilitation by improving the muscle strength and stability
of the neuromuscular system through muscle contrac-
tion and the stimulation of the proprioceptive senses 2.
Weight-bearing exercises help to maintain bone
strength and density, thus reducing the risk of fractures.
They also have long-term protective effects against falls
and fractures. The acute risk for falls increases during
physical activities, such as walking, climbing stairs, bik-
ing, and other sporting activities, suggesting the need
for safety when implementing weight-bearing exercise
interventions for older adults) “8. The exercise interven-
tion utilized in this study was conducted in a safe envi-
ronment under the supervision of physiotherapists.
Previous studies have shown that increased muscle
strength in lower limbs was associated with better bal-
ance, which may improve the ability of older individuals
to successfully perform daily tasks 4%, Moreover, a
study conducted by Rubenstein et al., (2006) showed
that 12 weeks of strength and balance training in-
creased isokinetic strength for knee flexors and knee
extensors, as well as walking speed, while reducing fall
rates '*. Another explanation for the improvement in bal-
ance may be the increase in neuromuscular control due
to exercise, along with an increase in fitness, strength,
and motion domain, as well as improvements in mental
status “°.

An improvement in Quality of Life (QolL) was reported
by both groups in terms of the Mental and the Physical
Component Summary scores of SF12RV. No statisti-
cally significant difference was observed between the
experimental and control groups. RM-ANOVA Tests
showed that the interaction effect of Time to Group was
significant on the PCS (F; 77, 12061y = 5.09, p < 0.01)and
MCS(Fs g4, 12520 = 10.23, p < 0.01). This result implies
that there is a significant change in the group scores
over time. Both intervention programs showed improve-
ments in the mental and physical components of QoL.
Furthermore, when compared to the individualized pro-
gram, participants in group exercise programs showed
improved psychological status (e.g., self-esteem), and
enhanced socializing #?. Accumulated data from pre-
vious research has stated that participation in social
activities in the form of group exercise activities con-
tributes to successful aging, maintains independence
in the activities of daily living (ADLs), and improves the
physiological status and self-efficacy of older adults .
In the current study, the experimental group received
additional benefits, such as increased adherence, cost-
effectiveness, and social support, as compared to the
participants in the individualized exercise program.
There are several possible explanations for varying
results. Our participants were engaged in an exercise
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program with age-related peers from the same day
care center. This closeness promoted a collegiality that
fostered a motivating environment. Previous studies
have also shown that group exercise led to encour-
agement and stimulation, as participants knew that
they were working towards a common goal and help-
ing each other attain those goals, which led to more
adherences. Participants learned to work with others,
which increased social interaction and provided con-
fidence when group members performed exercises
together. The social aspect of a group-based interven-
tion showed positive benefits for adults who needed
an external means of encouragement . This finding
was supported by a study conducted by Barnett et al.,
(2003), who stated that group exercise programs are
easily accessible and affordable 8,

Previous studies on psychosocial aspects have also
shown that a group exercise program can enhance
social interaction and motivation. It also improves self-
esteem and enjoyment, which are important for exer-
cise adherence. These aspects may partially explain
the significant improvements that were observed in
10 weeks, despite previous studies reporting that 10
weeks was not enough time to achieve change %2, An
individualized exercise program allows the participant
to receive intensive, focused attention and to discuss
difficult issues in a private setting %354. Hence, this group
of participants showed significant improvements in vari-
ous outcomes, such as reduction in fall risk, improved
balance, lower extremity strength, fear of fall, and QoL
components after 10 weeks of intervention. However,
the adherence to the individualized exercise program
was less than group exercise programs, which may
be due to the lack of motivation from group members
or boredom, as the intervention was given to one par-
ticipant at a time. Moreover, this type of intervention is
time-consuming, as it requires one-on-one interactions.
Due to a significant increase in older adults, the need
for increased healthcare utilization is constantly rising
and serving large numbers of participants is difficult
with individualized exercise programs 5.

Studies have shown that alternative modes of exercise
interventions, which are appropriate for larger popula-
tions, are group-based and home-based exercise pro-
grams. They are considered to be more suitable and
cost-effective for older adults 5. The beneficial effects of
group exercise programs are also supported by previ-
ous clinical studies, which have shown that fall-related
injuries are reduced after the implementation of an exer-
cise program 54, Therefore, this study supports research
that suggests that exercise is an effective intervention
strategy for preventing falls in older adults.

An important issue in intervention studies is the extent
to which the effects of an intervention were retained

after the intervention has ended. In our study, many of
the effects, such as reduction in fall risk, improvement in
balance, and Quality of Life components of the interven-
tion persisted after 6 months. However, the reduction in
fear of fall that occurred immediately or after 10 weeks
of intervention was not evident after 6 months.

LimMITATIONS

The current study was single blinded. We couldn’t do
post-intervention assessment on the participants who
dropped out.

CLINICAL IMPLICATIONS

The group exercise program has been shown to be a
safe, effective, practical, feasible, and low-cost fall preven-
tion intervention that is beneficial for elderly individuals.

CONCLUSIONS

Group exercise program had a positive impact on
elderly individuals. It was effective in reducing fall risk
and fear of fall, improving balance and lower extrem-
ity strength and enhancing the quality of life after the
intervention.

FUTURE SCOPE

A double blinded Randomized Controlled Trial to as-
sess it's effect on the incidence of falls, is required to
evaluate the true potential of the training that has been
presented in this study. Furthermore, potential transfer
effects related to interactive balance training i.e., cogni-
tive and visuoperceptual effects should be assessed in
future studies.
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