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Abstract 
Background: Fall occurrences and the associated risk of injury are debilitating and major health concerns in the older population. 
Several interventions have been investigated and implemented to address the needs of balance impairments and to reduce the 
increased risk of falls. This study aimed to compare the effectiveness of the Otago exercise program (OEP) and gaze stability 
exercises (GSE) on balance and the risk of falls in older adults residing at an old age home facility.

Methods: Thirty elderly participants were equally and randomly divided into 2 groups: Group OEP received the OEP, and group 
GSE received GSE for 8 weeks (thrice a week). In addition, both groups also performed core muscle-strengthening exercises. The 
outcome measures were the Berg balance scale (BBS) and the Fall efficacy scale-International (FES-I).

Results: The interventions resulted in significant improvements (P < .001) in both outcome measures in both groups. The mean 
pretest BBS scores of groups OEP and GSE increased from 40.4 and 39.2 to the mean post-test scores of 48 and 45.2, respectively. 
Similarly, the mean pretest FES-I scores of groups OEP and GSE also improved from 39.47 and 40.4 to the mean post-test scores 
of 32.73 and 36.07. The between-group comparison showed greater improvement (P < .05) in OEP group in both variables.

Conclusions: OEP and GSE were found to be beneficial rehabilitation programs in improving balance and fear of falls in healthy older 
adults. However, the OEP was found to be a more effective intervention and may allow better balance and fall prevention improvements.

Trial Registration: The study has been registered in clinicaltrials.gov (ID: NCT05781776; on 23/03/2023).

Abbreviations: BBS = Berg balance scale, FES-I = fall efficacy scale-international, GSE = Gaze stability exercises, OEP = 
Otago exercise program, VOR = vestibulo-ocular reflex.
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1. Introduction
Due to the advancement in medical and health sciences, mod-
ern civilization has witnessed a tremendous rise in life expec-
tancy in the past 2 centuries. As a result, the older population 
is also advancing in volume with an increase in life span due to 
enhanced medical care and improved living standards.[1]

However, with progressive aging, older individuals are com-
monly subjected to the following complications, reduced mus-
cle mass, strength, bone density, abnormal breathing, a long 

reaction time, cognitive ability deterioration, and a tendency to 
fall.[2] Additionally, the progressive loss of movement and bal-
ance instability associated with aging can further lead to dis-
ability among the older population.[3] Therefore, maintaining a 
good balance is an essential motor skill that involves integrating 
sensory input associated with the body’s orientation concern-
ing the surrounding environment with the subsequent ability to 
respond suitably to maintain body movement control.[4]

Given that the vestibular system plays one of the primary roles 
in maintaining balance, this system is subjected to degradation 
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as a sequel of aging, resulting in reduced visual VOR (vestibular- 
ocular reflex) gain. This reduction in VOR gain contributes to 
the retinal slip (motion of visuals of images on the surface of the 
retina). Thus, the individual experiences diminished visual acuity 
during head motion and loss of balance towards body rotation 
which affects his/her gait.[4,5] The intense training of VOR has 
been indicated to improve balance and reduce the risk of falls.[6,7]

Although the vestibular system primarily carries the systems 
that provide sensory information; however, somatosensory and 
visual systems also play their assigned roles in maintaining bal-
ance.[8,9] With aging, there is an impact on balance that has been 
associated with attritional changes in these sensory structures. 
Correspondingly, with the age-related changes, any deviations 
in the standing posture require quick and appropriate correc-
tive strategies to maintain a stable standing balance.[3] In addi-
tion, the balance gets further challenged with the simultaneous 
performance of rapid movements.[10] These changes that yield 
balance impairments can be accredited to a decline in proprio-
ception, reaction time, muscle strength and power, and impaired 
sensorimotor integration, which has been shown to increase 
the possibility of falls and subsequent injuries.[11] Moreover, 
the incorporation of drugs to cope with other pathological age- 
related conditions could exacerbate balance and locomotion 
among the elderly.[12]

Concurrently, balance plays a major role in constituting a 
high risk of falls and a subsequent reduction in balance con-
fidence.[13] The impact of these psychological changes, the fear 
of falls and low balance confidence results in lesser autonomy, 
activity limitations, and community participation restrictions, 
thereby fostering functional decline and dependence.[14] For 
individuals aged over 65, falls events are common and are con-
sidered a major health concern that causes morbidity, mortality, 
reduced functioning, and hospitalizations. The risk is multifold 
to 50% beyond 80 years.[15] By virtue of the injuries associated 
with falls (such as fractures), they are considered a component 
of the “geriatric giants” among the older population.[16]

Naturally, older adults adopt a wider gait coupled with 
reduced walking speed, step length, and muscle strength in the 
lower extremities. In addition, environmental factors such as 
poorly illuminated rooms, uneven and textured surfaces, and 
moving walkways also predispose these individuals to a further 
risk of falls.[17] Although, the cause of falls is multifactorial, 
older individuals with postural instability and associated fear of 
falls are subjected to a greater probability of fall risk.[18]

Therefore, fall prevention amongst the elderly is paramount 
to prevent short- and long-term impairments in older people as 
the aftermath of a fall can heavily impact their and their fam-
ilies’ quality of life.[19] To that end, several exercise programs, 
such as balance training, strengthening programs, and endur-
ance training, have been investigated and adapted by clinicians 
to evaluate their usefulness in promoting physical fitness and 
reducing fall risk.[20]

The Otago Exercise Program (OEP) is a multimodal exercises 
program which was developed by Professor John Campbell at 
the University of Otago in Dunedin, New Zealand, encompass-
ing all the components necessary to yield improvements in the 
balance, strength, and functional capacity of the elderly popula-
tion.[21,22] Additionally, it has also been effective in reducing fall 
risks among older adults by improving muscle strength perfor-
mance of the lower extremities and cognitive function.[2,23] The 
OEP comprises twelve balance exercises and 5 strengthening 
exercises and has been considered a feasible approach to be uti-
lized as a home-based rehabilitation.[2]

Literature affirms that vestibular rehabilitation is a well- 
established method to improve balance-related impairments.[24] 
To counter the impact of exaggerated retinal slip resulting from 
VOR degradation due to natural aging, gaze stabilization exer-
cises (GSE) were established to minimize retinal slippage[5] GSE 
aims to foster vestibular adaptation to promote the recovery of 
vestibular response through the reciprocal interaction between 

the visual and vestibular systems during head movements.[25] 
These exercises operate on vestibular adaptation and substitu-
tion mechanisms to reduce symptoms by eliciting continuous 
exposure to sensory inputs.[26] They have gained popularity in 
improving balance and fear of falls to promote vestibular reha-
bilitation amongst older individuals.[27]

Earlier studies have investigated both individual and com-
bined effects of the two effective interventions to improve 
balance and reduce fall risk, however, no study has drawn a 
comparison between the two.[28–32] Therefore, the present study 
aimed to compare the effects of GSE vs. the OEP on balance 
and fear of falls in community-dwelling elderly individuals. The 
present study hypothesized that there is a significant difference 
between the effects of OEP and GSE.

2. Methods

2.1. Participants, inclusion, and exclusion criteria

A minimum group size of 30 participants is regarded as nec-
essary for experimental research to draw a valid generaliza-
tion.[33] Therefore, thirty elderly participants with a risk of fall 
(both males and females) between the ages 65 to 70 years from 
Vayojana old age home, Cheruvanchery, were recruited for the 
study. All the participants were independently ambulating and 
performing activities of daily living at the time of inclusion into 
the study. The other inclusion criteria for participation in the 
study were as follows: Berg Balance Scale (BBS) score between 
35 and 45, Dynamic Gait Index score between 11 and 19, and 
mini-mental status exam scores > 22. Participants with severe 
vision or hearing impairment, neurological disorders including 
epilepsy, Alzheimer’s disease, vertigo, Parkinson disease, and 
stroke, muscular disorders which limit functional activity (OA, 
RA, etc.), medications that affect balance, severe cardiovascu-
lar conditions, recent lower limb injury or surgery, obesity were 
excluded from the study. Table 1 shows the demographic char-
acteristics of participants, and Figure 1 shows the number of 
assessed, recruited, randomized, and analyzed participants.

2.1.1. Ethics approval, consent to participate, study period 
and clinicaltrial registration. Before the study, the purpose and 
procedure were explained to the participants, and their written 
informed consent was obtained. All methods were performed 
in accordance with the relevant guidelines and regulations. The 
study received approval from the Institutional Ethical Committee 
of the Co-operative Institute of Health Sciences (Approval No. 
MSECO4/2019; Date October 31, 2020), Thalassery, and was 
conducted in accordance with the declaration of Helsinki. 
Participants were recruited and followed up from November 
2020 to February 2021. The study has been registered in 
clinicaltrials.gov (ID: NCT05781776; on March 23, 2023). This 
study adhered to CONSORT guidelines.

2.1.2. Procedure. This clinical trial followed a two-arm 
pretest-posttest design. All participants were assigned randomly 
into two intervention groups, group OEP (n = 15) and group 
GSE (n = 15). An independent researcher not associated 
with this study performed the process of randomization and 
allocation of participants. IBM SPSS software version 26 
and the lottery method were used for randomization. The 
outcome assessor was blinded to the allocation. Group OEP 
was given the OEP and core muscle strengthening exercise, and 
group GSE was given the GSE and core muscle strengthening 
exercise. The exercises were performed 3 times per week for 
8 weeks. Two assessment tools were utilized to measure the 
participants’ balance and fear of falling: The BBS and the Fall 
efficacy scale-international (FES-I), administered before the 
first intervention and post-study. The study was conducted at 
the physical therapy laboratory of the Co-operative Institute 
of Health Sciences, Thalasseri.
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2.1.3. Training. 
2.1.3.1. Otago exercise program (OEP). OEP consists of 
strengthening and balance exercises.[34,35] Strengthening of 
ankle plantar and dorsiflexors, knee extensors and flexors, and 
hip abductors are focused in this program. Ankle weight cuffs 
(1–3 kg) provide resistance for hip and knee exercises. The ankle 
plantar and dorsi flexors were strengthened by performing heel 
and toe raises. The progression was performed by increasing the 
duration and then weights.[34,35]

Stair walking, sit-to-stand, heel-to-toe walking backward, toe 
walking, heel walking, one-leg stands, tandem walking, tandem 
stance, sideways walking, turning around, walking backward, 
walking, and knee bends were used for balance exercises. Three 
levels were used for balance exercises: Level 1 was 2 hands 

holding on, Level 2 was one hand holding on, and Level 3 was 
no hands or support. The individuals repeated each exercise 10 
times a day over 8 weeks.[34,35]

2.1.3.2. Gaze Stability exercises (GSE). The exercise protocol in 
GSE included adaptation exercises and substitution exercises. In 
adaptation exercises, participants saw a stationary visual target 
while rotating their heads rapidly. In substitution exercises, with 
the intention of seeing clearly while performing the task, the 
subject moved their eyes and heads between targets. The target 
was moving the other way from the head movement.[31,36]

Adaptation exercises included: In sitting, vertical, and hor-
izontal (stationary target) viewing exercises performed with 
a near target. Then performed with near and far (6–10 feet) 

Table 1

Participants’ demographic characteristics, baseline values of dependent variables, and P values for the Shapiro–Wilk test of 
normality.

Characteristics
Group OEP
mean ± SD P value

Group GSE
mean ± SD P value

Gender (n) Male: 11; Female: 19 Male: 13; Female: 17
Age (yr) 67.6 ± 1.81 67.47 ± 1.73
Height (cm) 169.33 ± 2.32 169.33 ± 2.31
Weight (kg) 67.16 ± 1.39 67.66 ± 1.38
BMI (kg/m2) 23.6 ± 0.47 23.12 ± 0.54
MMSE score (n) 25.26 ± 2.25 24.86 ± 1.96
BBS baseline 40.4 ± 3.14 .437 39.2 ± 3.83 .372
FES-I baseline 39.47 ± 3.96 .741 40.4 ± 3.33 .832

BBS = Berg balance scale, BMI = body mass index, FES-I = fall efficacy scale-international, GSE = Gaze stability exercises, OEP = Otago exercise program, SD = standard deviation.

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flowchart showing the number of participants assessed for eligibility, randomized, and ana-
lyzed during the study.
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targets. Then vertical and horizontal (stationary target) exer-
cises were performed with near and far targets in standing 
position.[31,36]

Substitution exercises included: Eye-head movements between 
near targets (moving target) 4 feet away, horizontal/vertical, sit-
ting. Eye-head movements between near targets (moving target) 
4 feet away, horizontal/vertical, standing. The participants per-
formed each of these exercises for 5 repetitions (approximately 
30 minutes) 2 times a day (at least 4 hours rest in between) 3 
times a week over 8 weeks.[31,36]

2.1.3.3. Core stability exercise. Core stability exercises 
included bridging, seated marching, straight leg raise, lower 
trunk rotation, seated oblique crunch, abdominal contraction, 
and curl-up, which were done in 5 repetitions (approximately 
20 minutes), 3 times per week.[37]

2.1.3.4. Outcome measurement. For this study, 2 outcome 
measures were used to evaluate the impact of the given 
interventions on the participants: The BBS and the Fall Efficacy 
Scale-International (FES-I).

The BBS is a widely used functional assessment tool across 
the continuum of rehabilitation to evaluate functional balance 
and the risk of falls in elderly clients. This tool encompasses 
both static and dynamic balance components across 14 differ-
ent activities (5 static and 9 dynamic) performed by the patient, 
graded on varying difficulty levels for different balance condi-
tions. The BBS utilizes an ordinal grading on a 5-point scale 
(0–4) to rate the 14 task items, producing a global score of 56 
with the lower score assigned to poor performance (score-0) 
and a greater score representing the accomplishment of the task 
independently (score-4).[38,39]

Fall efficacy Scale-International (FES-I) is a questionnaire to 
evaluate the fear of falls, primarily in community-dwelling older 
individuals. The FES-I form consists of 16 items related to var-
ious functional activities. The participant is asked to rate the 
level of each activity on a 4-point Likert scale. Through this 
evaluation, the participant indicates how concerned he was for 
fear of falling while performing the task regardless of its com-
pletion (total score being 64 where 1-not at all concerned and 
4-greatly concerned). Therefore, a higher score implies a greater 
fear of falls.[40,41]

2.1.3.5. Data analysis. Data from thirty participants, fifteen 
participants in each group, were analyzed. Analysis of data 
was done by IBM SPSS version 28 (IBM, Armonk, New York, 

United States). The normality and homogeneity of the data were 
confirmed by the Shapiro–Wilk test (P > .05) and Levine’s test 
(P < .05), respectively. Parametric tests were used for with-in and 
between-group comparisons. A with-in-group comparison was 
performed using paired sample t test, and the between-group 
comparison was performed using the independent samples t 
test. A .05 level of significance was utilized for comparisons, 
and a significant difference was thought to have been indicated 
by a P ≤ .05. The confidence interval’s value was set at 95%.

3. Results
Table 1 presents baseline measurements of the dependent vari-
ables and the Shapiro–Wilk test of normality P values for both 
groups. Table 2 presents the BBS and FES-I with-in-group results 
in both groups.

Following training, the participants’ mean test scores for both 
tests in both groups improved significantly (P < .05). The mean 
pretest BBS scores of groups OEP and GSE increased from 40.4 
and 39.2 to the mean post-test scores of 48 and 45.2, respec-
tively. Similarly, the mean pretest FES-I scores of groups OEP 
and GSE also improved from 39.47 and 40.4 to the mean post-
test scores of 32.73 and 36.07. The between-group comparisons 
revealed a significant improvement in BBS score (t (28) = 2.05; 
P = .04; Cohen d = 0.75) and FES-I score (t (28) = −2.67; 
P = .01; Cohen d = −0.97) in the group who performed the OEP 
along with core muscle strengthening exercise (group OEP). 
These results are presented in Table 3.

4. Discussion
Overall, the study results revealed that the participants in both 
groups improved on balance and fall efficacy scales; however, 
those who received OEP along with the core stability training 
showed higher improvements in balance and reduced fear of falls 
than those who received GSE with the core stability training reg-
imen. Therefore, the study rejects the null hypothesis and accepts 
the alternative hypothesis. These results also align with another 
randomized controlled trial conducted by Abhijeet et al[16] who 
evaluated the impact of OEP compared with a conventional exer-
cise program on balance in 20 older adults over 6 weeks. The 
study concluded that OEP was considerably more effective than 
the conventional rehabilitation protocol and had good adherence 
in the geriatric population.[4] Similarly, Beato et al[42] examined 
the efficacy of Otago-based home exercise protocol on reducing 

Table 2

With-in-group comparison results for groups OEP and GSE.

Group Performance tests
Baseline

mean ± SD
Post

mean ± SD Mean difference t df P value Cohen d

OEP BBS 40.4 ± 3.14 48.0 ± 3.58 7.6 20.24 14 <.001* 5.22
FES-I 39.47 ± 3.96 32.73 ± 3.31 −6.74 −13.67 14 <.001* −3.53

GSE BBS 39.2 ± 3.83 45.27 ± 3.69 6.07 17.61 14 <.001* 4.54
FES-I 40.4 ± 3.33 36.07 ± 3.51 −4.33 −20.56 14 <.001* −5.30

BBS = Berg balance scale, df = degree of freedom, FES-I = fall efficacy scale-international, GSE = Gaze stability exercises, OEP = Otago exercise program, SD = standard deviation.
*Significant.

Table 3

Between-group comparison results of post-intervention values of BBS and FES-I.

t df Mean difference P value Cohen d

BBS_Post 2.05 28 2.73 .04* 0.75
FES-I_Post −2.67 28 −3.33 .01* −0.97

BBS = Berg balance scale, df = degree of freedom, FES-I = fall efficacy scale-international.
*Significant.
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falls and the risk of falls in older community dwellers over 4 to 9 
weeks. The study demonstrated that OEP effectively reduced the 
number of reported falls post-intervention. However, the study 
lacked a control group; therefore, the results cannot be general-
ized solely to the intervention used.[42]

Similarly, GSE is a commonly adopted rehabilitation strat-
egy that capitalizes on the vestibular system’s innate recovery 
mechanism (plasticity) through adaptation exercises to min-
imize retinal slip during head movements.[43] It has been sug-
gested that the magnitude of VOR gained through adaptation 
exercises is crucial to offset the impact of VOR degeneration 
following physiological aging.[4] Moreover, the empirical evi-
dence also suggests that rigorous training of VOR along with 
other treatment protocols can effectively address balance recov-
ery and fall prevention.[6,7] The results of our study are at par 
with other researchers’ findings which suggest that gaze stability 
exercises are effective among older adults in improving balance 
and reducing falls and fear of falls stemming from age-related 
vestibular deterioration.[4,27,44]

4.1. Clinical significance

The age-related decrements in the cognitive, visionary, somato-
sensory, vestibular, and musculoskeletal functions can signifi-
cantly render balance and mobility deficits in the elderly, thereby 
increasing the risk of falls and promoting excessive depen-
dence.[45,46] The OEP is considered an effective home-based pro-
gram to improve psychological and individual well-being and 
community participation in homebound individuals or those 
who cannot afford regular clinical visits, particularly in rural 
areas. Data suggests that even short-term training through OEP 
has slight benefits in older adults with a history of falls, yet it can 
improve physical performance in those individuals. Therefore, 
clinicians must strive to promote adherence and persistence to 
accomplish long-term, substantial benefits, particularly in those 
who have experienced falls.

4.2. Limitations

There are a few limitations to this study. The study’s sample 
size was small, and fewer male participants were involved in the 
study. Additionally, the study duration was only 2 months, and 
the follow-up could not be established; thus, the long-term ben-
efits of the interventions could not be evaluated. Further inves-
tigations are recommended to assess the longstanding efficiency 
of OEP through large-scale clinical trials focusing on individuals 
who have experienced falls in the past or those with apparent 
vestibular deficits.

5. Conclusion
The OEP and GSE were found to be beneficial rehabilitation 
programs in improving balance and reducing the fear of falls 
in healthy older adults. However, OEP was found to be a more 
effective intervention than GSE in improving balance and pre-
venting falls.
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