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Neuromuscular electrical stimulation (NMES) is rapidly expanding as a
comprehensive therapeutic tool in geriatric rehabilitation, offering diverse
applications beyond traditional muscle strengthening. This article examines
various applications and effectiveness of NMES in the elderly across multiple
functional domains. Recent evidence suggests that NMES can aid in enhancing
brain plasticity, increasing muscle mass and strength, improving balance and
postural control, and facilitating functional recovery in the elderly. Studies have
shown that this form of stimulation can elevate serum levels of brain-derived
neurotrophic factor (BDNF), which is considered an indicator of potential
neuroprotective effects. In the domain of muscle performance, promising results
have been observed with NMES in preventing age-related muscle atrophy and
improving strength, particularly when regular exercise may be challenging.
Furthermore, significant improvements in balance and postural control have
been observed in the elderly, which are enhanced when combined with
voluntary muscle contractions. NMES has also demonstrated its efficacy in
specific clinical conditions common among the elderly, such as post-stroke
rehabilitation, dysphagia, and muscle weakness due to severe illness. Recent
technological advancements, including wearable devices and brain-controlled
systems, have broadened the scope of this intervention. However, variability in
protocols, stimulation parameters, and outcome measures across different
studies presents challenges for establishing standardized treatment guidelines.
This article analyzes the current evidence regarding the multifaceted
applications of NMES in geriatric rehabilitation and discusses its established
benefits and emerging applications. Understanding these varied applications
and their underlying mechanisms is critical for healthcare providers to optimize
the implementation of NMES in elderly rehabilitation programs.
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Introduction

With the global aging population, healthcare systems face unique challenges in maintaining the
functional independence and quality of life of the elderly. Neuromuscular electrical stimulation (NMES)
has gained traction as a promising intervention that goes beyond traditional muscle strengthening,
providing diverse therapeutic benefits (Ahmadpour & Rezaei, 2023; Langeard et al., 2017). NMES involves
applying electrical currents to induce muscle contractions, which have primarily been used for muscle
strengthening and atrophy prevention (Dehail et al., 2008; Nussbaum et al., 2017). Recent research suggests
NMES can enhance neuroplasticity, improve function, and support rehabilitation for various conditions
in the elderly (Carson & Buick, 2021; Kimura et al., 2019). Studies show that NMES increases brain-derived
neurotrophic factor (BDNF) levels, a neuroprotective indicator, and positively affects cognitive and motor
adaptability in aging (Kimura et al., 2019; Xu et al., 2018). The technique is particularly effective in
combating age-related muscle atrophy and weakness, with substantial evidence supporting its benefits for
elderly individuals who may struggle with regular exercise (Jandova et al., 2020; Rahmati et al., 2021). NMES
also enhances balance and postural control when combined with voluntary muscle contractions,
demonstrating an additional layer of fall prevention (Ahmadpour & Rezaei, 2023; Paillard, 2020; Park et al.,
2022). This article aims to examine various applications and effectiveness of NMES in the elderly across
multiple functional domains.

Methods and Materials

This study examined NMES applications in elderly populations, focusing on research conducted
between 2014 and 2024. A systematic literature review was performed using PubMed/MEDLINE, Web
of Science, and Scopus databases, covering studies in English and Persian. Key search terms included
"neuromuscular electrical stimulation,” "NMES,"” “elderly,” "aging,” "balance,” "strength,”
"rehabilitation,” "brain flexibility,” and "functional recovery.” This review covered various NMES
applications for those aged 65 or older, excluding studies solely focusing on younger populations or using
NMES strictly for diagnostic purposes.

Findings and Results

The results highlight NMES as a multifaceted tool in elderly rehabilitation. Key findings indicate
NMES's effectiveness in enhancing muscle mass and strength, improving balance, and promoting
neuroplasticity. NMES increased serum BDNF levels, facilitating cognitive and motor adaptability.
Moreover, NMES showed positive outcomes in preventing muscle atrophy and improving strength in
aging populations, especially when regular physical exercise was not feasible. Clinical applications
included post-stroke rehabilitation, muscle weakness management, and functional improvement in
dysphagia and balance recovery. NMES combined with voluntary muscle contraction also resulted in
enhanced postural stability and functional outcomes.

Conclusion

NMES significantly contributes to elderly rehabilitation by addressing sarcopenia, enhancing
balance, and promoting functional independence. Evidence suggests that NMES effectively counteracts
age-related declines in muscle strength and mobility, offering a multi-dimensional and safe approach for
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elderly care (Lépez-Lopez et al., 2019; Mani et al., 2018). Beyond physical improvements, NMES supports
cognitive function and neuroplasticity, linking physical health with cognitive resilience in older adults
(Carson & Buick, 2021; Xu et al., 2018). NMES also presents a cost-effective intervention by potentially
reducing long-term care needs and improving functional outcomes (L6pez-L6pez et al., 2019; Maffiuletti et
al., 2018). Recent advancements in wearable technology and brain-controlled systems enhance NMES’s
versatility, expanding its role in elderly care settings (Park et al., 2022). Despite its promising applications,
NMES protocols require standardization due to variability in stimulation parameters and outcomes across
studies. As NMES research continues, its role as a key component in holistic elderly rehabilitation,
supporting independence and quality of life, is increasingly evident.
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