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Abstract

Older adults face a heightened risk of falling both indoors and outdoors due to age-related
declines in balance. One contributing factor is weakness or instability in the ankle joint,
which can significantly impair postural control and lead to limitations in daily activities.
As balance deteriorates, functional capacity in the lower limbs declines, further hindering
mobility and independence. Enhancing ankle strength and stability is therefore essential
to improving balance and reducing fall risk in this population. This study investigates the
impact of Strategic Ankle Exercise on balance and falling risk among older adults.
Employing a one-group pre-test and post-test experimental design, the study involved 33
participants who met the inclusion criteria and were selected through total sampling.
Balance was assessed using the Berg Balance Scale (BBS) and the Timed Up and Go
(TUG) test. Wilcoxon test conducted via SPSS revealed a significant improvement in
dynamic balance following the intervention: BBS scores increased from 44 to 50.8, while
TUG scores decreased from 15.5 to 10.1 (p < 0.001). A correlation analysis indicated a
strong negative relationship between changes in BBS and TUG scores (r = -0.86; p <
0.001), suggesting that improvements in balance were associated with reduced fall risk
Strategic Ankle Exercise emerges as an effective, evidence-based intervention for
enhancing balance and minimizing fall risk in older adults. These findings support the
integration of this program into geriatric care strategies. Future research should explore
optimal exercise dosage and customization to maximize benefits across diverse age groups
and functional levels.
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INTRODUCTION

Impaired balance in older adults significantly limits physical activity and is consistently
linked to recurrent falls. The rising incidence of falls in this population is primarily attributed
to diminished balance, particularly during standing and walking. Age-related degenerative
processes contribute to the decline in various physiological functions, including muscle
strength, neural control, vision, and proprioception, all of which are integral to maintaining
balance. Effective balance regulation requires the rapid and coordinated interaction of sensory
systems (proprioceptive and visual), cognitive functions, and postural control mechanisms
when responding to disturbances (Vermette et al., 2024). Early identification and intervention
for individuals with poor balance can substantially reduce the risk of repeated falls (Blodgett
et al., 2022). It is estimated that 45.4% of older adults, both those living independently and in
care facilities, are at risk of falling, with a higher prevalence among women (49.0%)

(Susilowati et al., 2020). An active lifestyle plays a crucial role in supporting balance during
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physical activity. Maintaining good balance enables older adults to engage in daily activities
with fewer limitations, thereby lowering the risk of non-communicable diseases.

Impaired postural stability in older adults contributes to a higher incidence of
unintentional falls. Age-related changes in postural control are influenced by the deterioration
of sensory systems, including vestibular, visual, and proprioceptive pathways, as well as
deficits in muscle strength, neuromuscular coordination, and reaction time. It is estimated that
5-10% of all falls result in fractures, with hip fractures accounting for over 90% of these cases
(Strain et al., 2020). Neuromuscular training, which incorporates progressive exercises
targeting the upper and lower limbs, proprioception, strength, and balance, is a recommended
intervention to mitigate balance decline and enhance the quality of life in older adults. (Concha-
Cisternas et al., 2024). Tailored physical exercise programs are essential for this population,
taking into account individual capabilities and limitations. Suitable exercise modalities
typically include endurance, strength, balance, and flexibility training. These activities should
be performed consistently, ideally under the supervision of trained facilitators and in small
group settings, to promote muscle recovery, balance improvement, and overall health.

Several studies have demonstrated that ankle strategy exercises can enhance balance
and flexibility (Liang et al., 2025). However, evidence regarding their impact on actual fall
incidence remains limited, and the overall quality of existing research is low, highlighting a
critical gap in the literature that warrants further investigation. Previous research by Vittala
(2023) demonstrated that a six-week Balance Strategy Exercise (BSE) program, conducted
three times per week, significantly improved both static and dynamic balance in older adults.
These improvements were attributed to enhanced agonist and antagonist muscle strength, as
well as increased ankle flexibility (Liang et al., 2025). Strengthening the ankle muscles
contributes to greater joint stability, which in turn enhances balance during standing and
walking. Rapid and accurate anticipatory responses to environmental challenges, such as
uneven surfaces, slippery floors, and poor lighting, are critical for reducing fall risk in the
elderly.

While theoretical literature supports the use of ankle-focused interventions for minor
balance impairments, comparative studies evaluating the effectiveness of different strategies
on standing versus walking outcomes in older adults remain limited (Thompson et al., 2024).
Therefore, the present study aims to examine the impact of Strategic Ankle Exercises (ASE)
on balance and fall risk in older adults, using the Berg Balance Scale (BBS) and the Timed Up
and Go (TUG) test as assessment tools.
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METHODS

This study employed an experimental design using a single-group pretest-posttest
approach. A non-probability sampling technique, specifically purposive sampling, was used to
recruit participants. The study involved one group consisting of 33 elderly individuals aged 60
years and above. Participants were assessed using the Berg Balance Scale (BBS) and the Timed
Up and Go (TUG) test before and after undergoing Strategic Ankle Exercise (SAE). The BBS
scores were interpreted as follows: 41-56 indicates low fall risk, 21-40 indicates moderate risk,
and 0-20 indicates high risk. For the TUG test, travel time of less than 10 seconds reflects
normal mobility; less than 20 seconds indicates good mobility with independence; and less than
30 seconds suggests impaired mobility, requiring assistance or the use of assistive devices.
Inclusion criteria includes elderly individuals aged 60 years or older, diagnosed with balance
impairments based on BBS and TUG scores, and willing to participate in the one-month SAE
program by providing informed consent. Exclusion criteria included individuals experiencing
pain in one or both ankles or those with a history of ankle fractures.

Strategic Ankle Exercise is a targeted intervention focusing on ankle movement to
enhance static and dynamic balance. Exercises involved shifting the head and body forward
and backward, redistributing weight, and maintaining posture to prevent falls. Each movement
was repeated 15 times per session, with three sessions per week over a four-week period.
During the initial phase, all participants gathered in a shared space to perform the exercises
under the guidance of an enumerator. In the subsequent phase, participants were instructed to
continue the exercises independently at home, maintaining the same frequency. Compliance
was monitored weekly by three enumerators, each responsible for 11 participants. They
provided reminders via telephone and ensured completion of exercise log forms. Data were
analyzed using wilcoxon test to evaluate changes in balance and fall risk before and after the
intervention. Ethical approval for this study was obtained from the Faculty Ethics Review
Committee of Universitas Kristen Indonesia (Certificate No. 14/Etik Penelitian/FKUKI/2024).
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RESULTS
Table 1. Characteristics of Respondents (N = 33)
Variable N=33 % Mean+SD
Gender Male 17 51.5
Female 16 48.5
60-69 years 23 69.7
Age Group 70-79 years 8 24.2 67.97+5.283
>80 years 2 6.1
Hypertension 11 334
Medical Diabetes 3 9.1
History Diabetes & Hypertension 5 151
None 14 42.4
Berg Balance Low risk (score 41-56) 20 60.6
g Moderate risk (score 21-40) 13 34.4 44+5.099

Scale (BBS) High risk (score 0-20) i )

< 10 seconds -
< 20 seconds 30 19 15.545+2.635
< 30 seconds 3 -

Time go test
(TUG)

All participants completed the exercise program fully and in accordance with the
prescribed guidelines, as evidenced by their submitted reports during the training period.
Notably, no injuries were reported. As shown in Table 1, the majority of respondents were aged
60-69 years (69.7%). Regarding medical history, 33.4% had hypertension, 9.1% had diabetes,
and 15.1% had both conditions. The average balance score, measured using the Berg Balance
Scale (BBS), was 44 + 5.099. The average fall risk, assessed using the Timed Up and Go (TUG)
test, was 15.545 + 2.635 seconds.

The results of the normality test using the Shapiro-Wilk method for both pre-test and
post-test scores of the Berg Balance Scale (BBS) and the Timed Up and Go (TUG) test. The
BBS scores were not normally distributed, as indicated by p-values of 0.008 for the pre-test
and 0.001 for the post-test (p < 0.05). For the TUG test, the pre-test score was normally
distributed (p = 0.192 > 0.05), while the post-test score was not (p = 0.001 < 0.05).

Table 2. Pre- and Post-Test Scores for BBS and TUG (n = 33) , Wilcoxon signed-rank test

. Correlation
. Pre-Test Post-Test Mean Wilcoxon .
Variable Mean + SD Mean £SD  Difference  p-value ABBS(_r ;‘TUG Sig. (p)
BBS 44+5.099 50.848+4.829 A =+6.84 <0.001 -0.86 0.000

TUG 15.545+2.635 10.181+1.959 A =-5.36 <0.001
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Descriptive analysis in Table 2 demonstrates significant improvements in both BBS
and TUG scores following the intervention. The average BBS score increased from 44.00 £
5.099 in the pre-test to 50.848 + 4.829 in the post-test, reflecting a mean improvement of +6.84
points. Conversely, the average TUG score decreased from 15.545 + 2.635 seconds to 10.181
+ 1.959 seconds, indicating a mean reduction of -5.36 seconds.

These changes were statistically confirmed using the non-parametric Wilcoxon signed-
rank test, which yielded p-values < 0.001 for both variables. Additionally, a correlation analysis
revealed a very strong negative relationship between changes in BBS and TUG scores (r = -
0.86; p < 0.001), suggesting that improvements in balance are closely associated with

reductions in functional mobility travel time.

DISCUSSION

This study demonstrates that Strategic Ankle Exercises (SAE) significantly enhance
balance and reduce fall risk in older adults, as evidenced by the increase in Berg Balance Scale
(BBS) scores and the decrease in Timed Up and Go (TUG) times, both showing statistically
significant improvements. Prior to the intervention, the tandem stance and single-leg stance,
two of the most challenging components among the 14 BBS items, consistently received low
scores from participants. These tasks are particularly difficult for individuals with dynamic
balance impairments. However, following the SAE program, participants were able to perform
these components with scores within the normal range.

This outcome highlights the effectiveness of ankle stabilization as a key target of the
intervention. The SAE program involves weight-bearing exercises that utilize body weight to
strengthen the agonist and antagonist muscles around the ankle, thereby improving overall
balance. Enhanced ankle stability also contributes to maintaining the body’s center of mass
within its base of support. Supporting this, Kim et al. (2022) reported that the gastrocnemius
and tibialis anterior muscles play critical roles in sagittal and frontal plane balance control,
specifically in dorsiflexion and plantarflexion movements. Additionally, proprioceptive input
from the ankle, plantar tactile sensation (PTS), and range of motion (ROM) are essential
components of balance regulation (Shen et al., 2024).

A study by (Liang et al., 2025) supports the present findings, demonstrating that ankle
muscle strengthening exercises are effective in improving balance and gait, thereby reducing
fall risk in older adults. Similarly, Zhong et al., (2024) reported that strength training, including

ankle and resistance exercises, enhances postural control, corrective reactions, and gait
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performance, contributing to fall prevention. Strength training has also been shown to induce
muscle hypertrophy in older adults at levels comparable to moderate-speed resistance training.

Beyond muscle strength, proprioception plays a critical role in maintaining balance. In
older individuals, proprioceptive function declines due to age-related degeneration, which can
further elevate fall risk (Shen et al., 2024). One promising strategy to address this decline is
the use of external stimulation, such as vibration applied to the ankle. Liu et al. (Liu et al.,
2021) found that vibration can enhance proprioceptive receptor activity in the non-dominant
limbs of individuals with low physical activity, such as the elderly.

This approach is grounded in the concept of stochastic resonance, whereby the brain
amplifies its response to weak sensory stimuli when exposed to a certain level of noise, stimuli
that provoke the sensory system and lead to proprioceptive changes (Matthews et al., 2024).
Other forms of noise stimulation, including auditory, visual, and neural electrical inputs, must
reach an optimal intensity, known as the neural excitatory threshold, to be effective.
Conversely, a study by, Joseph P Carzoli et al. (2022) found no significant improvement in
dynamic balance following nine sessions of ankle strategy exercises targeting dorsiflexors in
the non-dominant foot of older adults. Their results, based on the Sit-to-Stand test, Timed Up
and Go (TUG) test, and Maximal VVoluntary Contraction (MVC) torque, showed no measurable
changes in postural balance.

Many studies assessing balance in the elderly utilize the BBS and TUG instruments to
evaluate intervention outcomes. These tools are widely accepted due to their validity in
assessing fall risk, Leger et al. (Leger et al., 2022) compared the validity of the TUG, the
Activity-Specific Balance Confidence (ABC) questionnaire, and the BBS, concluding that both
the TUG and ABC are reliable, time-efficient, and easy to administer with minimal equipment,
making them advantageous for clinical and community settings.

Limitations of the Study

This study has several limitations. First, the sample size was relatively small, and there was no
control group for comparison, which may affect the generalizability of the findings. Second,
the duration of the intervention was relatively short, limiting the ability to assess long-term
effects. Lastly, the researchers did not monitor or record participants’ daily physical activity,
which could have influenced the outcomes.

Suggestions for Future Research

Future studies should consider recruiting a larger sample and incorporating a control group to
enhance the validity and reliability of the results. Additionally, long-term follow-up is

recommended to evaluate the sustained impact of the intervention on balance and functional
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mobility. Exploring variations in exercise protocols or combining ankle exercises with other

interventions may also yield deeper insights into their overall effectiveness.

CONCLUSIONS

Strategic Ankle Exercise is a proven, evidence-based intervention for improving
balance and reducing fall risk in older adults. Based on the findings of this study, we
recommend incorporating this program into broader intervention strategies aimed at aging
populations. Additionally, these results provide a foundation for future research focused on
optimizing exercise protocols, such as refining dosage and intensity, to maximize benefits

across diverse age groups and varying levels of physical ability.

REFERENCES

Blodgett, J. M., Hardy, R., Davis, D., Peeters, G., Kuh, D., & Cooper, R. (2022). One-Legged
Balance Performance and Fall Risk in Mid and Later Life: Longitudinal Evidence From
a British Birth Cohort. American Journal of Preventive Medicine, 63(6), 997-1006.
https://doi.org/10.1016/j.amepre.2022.07.002

Concha-Cisternas, Y., Castro-Pifiero, J., Vasquez-Mufioz, M., Molina-Marquez, |., Vasquez-
Gbémez, J.,, & Guzméan-Mufoz, E. (2024). Effects of Neuromuscular Training on
Postural Balance and Physical Performance in Older Women: Randomized Controlled
Trial.  Journal of Functional Morphology and Kinesiology, 9(4).
https://doi.org/10.3390/jfmk9040195

Joseph P Carzoli; Kelsey Koger;Alessandra Amato; Roger M Anoka. (2022). Tempo-
controlled resistance training of the hip abductors and ankle dorsiflexors with light
loads does not improve postural sway in older adults. Exp. Brain Res. 240, 11, 3049-
3060. https://doi.org/doi:10.1007/ s00221-022-06477-6

Kim, N., Park, J., Shin, H., & Bae, Y. (2022). Gastrocnemius Medial Head Stiffness Is
Associated with Potential Fall Risk in Community-Dwelling Older Adults. Healthcare
(Switzerland), 10(5). https://doi.org/10.3390/healthcare10050785

Leger, H., Tittle, R., Dowdell, S., & Thompson, C. (2022). Comparison of the Validity of the
Timed Up and Go Test (TUG) and Activities-specific Balance Confidence
Questionnaire (ABC) to the ‘Gold Standard’ Berg Balance Scale (BBS) in Assessing
Fall Risk in the Elderly Population. Journal of Rehabilitation Practices and Research,
3(1). https://doi.org/10.33790/jrpr1100133

Liang, S. G., Chow, J. C. M., Leung, N. M., Mo, Y. N., Ng, T. M. H., Woo, C. L. C., & Lam,
F. M. H. (2025). The Effects of Ankle and Foot Exercises on Ankle Strength, Balance,
and Falls in Older People: A Systematic Review and Meta-Analysis. Physical Therapy,
105(1). https://doi.org/https://doi.org/10.1093/ptj/pzael57

Liu, B., Witchalls, J., Waddington, G., Adams, R., Wu, S., & Han, J. (2021). Vibration of calf
muscles has reverse effects on right and left ankle proprioception in high and low
proprioceptive performer groups. Somatosensory & Motor Research, 38(2), 101-107.
https://doi.org/10.1080/08990220.2020.1860929

Matthews, P., Raul, P., Ward, L. M., & van Boxtel, J. J. A. (2024). Stochastic resonance in the
sensory systems and its applications in neural prosthetics. Clinical Neurophysiology,
165, 182-200. https://doi.org/10.1016/j.clinph.2024.07.004

Shen, P, Li, S., Li, L., Fong, D. T. P., Mao, D., & Song, Q. (2024). Balance Control is

Vol 7



332

James WH Manik et al., / Scientific Periodical of Public Health and Coastal 7(2),2025, page 325-332

Sequentially Correlated with Proprioception , Joint Range of Motion , Strength , Pain
, and Plantar Tactile Sensation Among Older Adults with Knee Osteoarthritis.

Strain, T., Brage, S., Sharp, S. J., Richards, J., Tainio, M., Ding, D., Benichou, J., & Kelly, P.
(2020). Use of the prevented fraction for the population to determine deaths averted by
existing prevalence of physical activity: a descriptive study. The Lancet Global Health,
8(7), €920—930. https://doi.org/10.1016/S2214-109X(20)30211-4

Susilowati, I. H., Nugraha, S., Sabarinah, S., Peltzer, K., Pengpid, S., & Hasiholan, B. P.
(2020). Prevalence and risk factors associated with falls among community-dwelling
and institutionalized older adults in indonesia. Malaysian Family Physician, 15(1), 30—
38.

Thompson, L. A., Melendez, R. A. R., & Chen, J. (2024). Investigating Biomechanical Postural
Control Strategies in Healthy Aging Adults and Survivors of Stroke. Biomechanics
(Switzerland), 4(1), 153-164. https://doi.org/10.3390/biomechanics4010010

Vermette, M. J., Prince, F., Bherer, L., & Messier, J. (2024). Concentrating to avoid falling:
interaction between peripheral sensory and central attentional demands during a
postural stability limit task in sedentary seniors. GeroScience, 46(1), 1181-1200.
https://doi.org/10.1007/s11357-023-00860-z

Vittala Gaviod, C. S. (2023). The Effectivennes Of Adding Dynamis Stretching Exercise To
Balance Strategy Exercise In Improving Balance In The Elderly. Gaster Jurnal
Kesehatan, 20(2013), 144-153.

Zhong, Y. J., Meng, Q., & Su, C. H. (2024). Mechanism-Driven Strategies for Reducing Fall
Risk in the Elderly: A Multidisciplinary Review of Exercise Interventions. Healthcare
(Switzerland), 12(23), 1-25. https://doi.org/10.3390/healthcare12232394

Vol 7



