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Neuromuscular

The aim of this study was to compare the effectiveness of two training
approaches—Dynamic Neuromuscular Stabilization (DNS) and the Fall-Proof
program—on balance and motor performance in elderly women with a history
of falls. In this quasi-experimental study, 35 elderly women aged 60 to 70 years
with a history of falling were randomly assigned to one of two training groups:
DNS (n = 17) or Fall-Proof (n = 18). The interventions were conducted over
four weeks, consisting of 12 training sessions. Balance was assessed using the
Mini-BESTest, while motor performance was evaluated through the 30-Second
Chair Stand Test (CST) and the 6-Minute Walk Test (6MWT). Data were
analyzed using repeated-measures ANOVA, and partial eta squared was used to
determine effect sizes. The results showed that both training programs
significantly improved balance and motor performance among participants (p <
0.001). However, no statistically significant difference was found between the
two groups (p > 0.05). The effect sizes were 0.71 for balance and 0.62 for motor
performance, indicating clinically meaningful improvements. These findings
suggest that both DNS and Fall-Proof exercises are effective interventions for
enhancing balance and motor function in older women with a history of falling.
Implementing such programs may help reduce the risk of falls and improve
quality of life in this population.
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Extended Abstract

Introduction

Aging, as a biological and dynamic process that typically begins at the age of 60, is an inevitable
phenomenon beyond human control. The World Health Organization (WHO, 2020) associates this stage
of life with fundamental changes in the global demographic structure. Advances in public health, increased
life expectancy, and declining fertility rates have led to an unprecedented rise in the elderly population
(Safari & Zolaktaf, 2023). Projections indicate that by 2050, the number of individuals aged 60 and over
will reach approximately 2 billion globally, surpassing the population of children and adolescents under
the age of 15 for the first time in history (Oliveira et al., 2023). Iran is no exception to this trend; estimates
suggest that the population aged 65 and older will grow from about 5 million in 2020 to 20 million by
2050 (Razimoghadam et al., 2024). These demographic shifts not only pose significant challenges to
healthcare and social systems but also underscore the critical need to prioritize physical health and motor
function among the elderly—particularly in addressing issues such as falls, which can directly impact their
independence and quality of life (Beyranvand et al., 2023).

Falls are among the most prevalent and hazardous issues associated with aging, affecting
approximately one-third of adults over the age of 65 annually, with nearly half experiencing recurrent
incidents (Magnani et al., 2020). This growing concern not only contributes to increased mortality rates and
severe medical complications—such as hip fractures, mobility impairments, and heightened
dependency—but also places a significant economic burden on families and healthcare systems (Daneshjoo
etal., 2023). Balance, as a complex motor skill, is critical for maintaining postural stability and preventing
falls. It emerges from the integrated functioning of the nervous, muscular, and sensory systems, including
the vestibular, somatosensory, and visual systems (Alitabar et al., 2023). With aging, the efficiency of these
systems declines, and older adults are more likely to rely on less effective balance strategies—such as hip
strategies—instead of more efficient mechanisms, thereby elevating their fall risk (Beyranvand et al., 2023).
In this context, structured exercise programs can play a pivotal role in enhancing balance and functional
mobility. Nevertheless, a central question persists: which types of physical interventions yield the most
effective outcomes in fall prevention among the elderly?

This study aims to address existing research gaps by investigating the effects of 12 sessions of
Dynamic Neuromuscular Stabilization (DNS) exercises and the Fall-Proof program on balance and
functional mobility in older women with a history of falls. By examining and comparing the effectiveness
of these two innovative training approaches within this specific population, the study seeks to contribute
to the development of more targeted and effective exercise interventions designed to enhance balance and
functional performance among elderly individuals at risk of falling.

Methods and Materials

This study was a quasi-experimental and applied research. The target population consisted of 35
elderly women aged 60 to 70 years, residing in Kerman, who had experienced at least one unexpected fall
in the past year. Participants were purposefully selected with informed consent and randomly assigned to
two training groups: DNS (17 participants) and Fall-Proof (18 participants). The exercise protocols were
implemented for four weeks, with three sessions per week, each lasting 45 to 60 minutes. Cognitive
performance was assessed using the MMSE questionnaire, balance was measured using the Mini-
BESTest, and functional mobility was evaluated with the 30-second Chair Stand Test and the 6-Minute
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Walk Test. Data analysis was performed using a repeated-measures mixed model, and the assumptions of
normality, homogeneity of variances, and independence of data were evaluated using the Shapiro-Wilk
test, Levene's test, and the Sign Test. A significance level of 0.05 was set for the study.

Findings and Results

The results of the repeated measures ANOVA indicated that the main effect of time on balance
was significant (p = 0.00), meaning that the mean post-test scores significantly increased compared to the
pre-test scores. This finding suggests that balance improved over time in both groups. However, the
interaction effect between time and group (p = 0.59) as well as the main effect of group (p = 0.54) were
not significant. Therefore, it can be concluded that the changes in balance over time were similar in both
the DNS and Fall-Proof groups, and the exercise intervention had an equal impact on both groups. Overall,
it appears that the observed improvement was more likely due to the passage of time and participation in
the exercise program, rather than differences in the type of exercise between the two groups.

Discussion and Conclusion

The results of the present study indicated that both DNS and Fall-Proof training programs led to
significant improvements in static balance, dynamic balance, and motor performance among older women
with a history of falls. These improvements can be justified from both theoretical and physiological
perspectives. DNS exercises, based on principles of developmental kinesiology and the retraining of
fundamental movement patterns, enhance central stability and muscular coordination by activating the
central nervous system and facilitating cortico-spinal synapses (Kolar et al., 2010).

On the other hand, the Fall-Proof program, with its multi-level and multisensory design, challenges
the balance system through simultaneous stimulation of visual, vestibular, and proprioceptive inputs. This
multisensory stimulation enhances sensory-motor pathways and improves sensory integration in the
cerebral cortex, which is a critical prerequisite for maintaining balance in older adults (Freund, 1983;
Khazanin et al., 2022).

Statistical analyses revealed large effect sizes for balance (Partial Eta Squared = 0.71) and motor
performance (Partial Eta Squared = 0.62) in both groups. These values reflect substantial clinical and
practical significance of the interventions, even in the absence of statistically significant differences
between groups. These findings align with previous systematic reviews that have confirmed the
effectiveness of combined interventions—such as DNS and Fall-Proof programs—in improving balance
and motor function in the elderly population (Sherrington et al., 2020; Sherrington et al., 2017).

The absence of significant differences between the two training groups can be explained by the
presence of similar underlying mechanisms within both intervention protocols. Both programs emphasize
core muscle activation, improvement of movement patterns, and sensorimotor training—factors that may
have led to overlapping effects. This overlap in outcomes has also been reported in previous studies
comparing diverse training approaches such as Otago, Tai Chi, and multimodal exercise programs
(Sherrington et al., 2020).

Moreover, the relatively short intervention period (12 sessions over four weeks) may not have been
sufficient to produce differential effects, as sustained neuromuscular adaptations typically require longer
training durations—often exceeding eight weeks—to fully emerge (Yang et al., 2006).

Ultimately, the findings of this study demonstrate that targeted exercises focusing on postural
control, multisensory stimulation, and strengthening of the core and lower limbs can effectively enhance



motor performance in older adults with a history of falls. While no statistically significant difference was
observed between the two approaches, both programs showed clinically meaningful effectiveness and can
serve as a solid foundation for designing comprehensive rehabilitation and fall-prevention strategies in
elderly women. In particular, the incorporation of these exercises into individualized rehabilitation
programs is strongly recommended.
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