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Introduction: Neuromodulation is a non-invasive technique that allows for the modulation of cortical excitability and can produce changes in neuronal plasticity. Its application has recently been associated with the improvement of the motor pattern in older adults individuals with sequelae from neurological conditions.

Objective: To highlight the effects of non-invasive neuromodulation on the risk of falls and fear of falling in community-dwelling older adults.

Methods: Systematic review conducted in accordance with the items of the Cochrane Handbook for Systematic Reviews of Interventions. Searches were carried out in electronic databases: CENTRAL, Clinical Trials, LILACS, PEDro, PubMed, Web of Science, between 13/06/2020 and 20/09/2023, including all indexed texts without language and publication date restrictions, randomized controlled clinical trials, which presented as their main outcome non-invasive neuromodulation for reducing the fear of falling and risk of falls in the older adults, regardless of gender.

Results: An extensive search identified 9 eligible studies for qualitative synthesis from 8,168 potential articles. Rigorous filtering through automated tools, title/abstract screening, and full-text evaluation ensured a focused and relevant selection for further analysis. Most studies (80%) used transcranial direct current electrical stimulation as an intervention, over the motor cortex or cerebellum area, with anodal current and monopolar electrode placement. The intensity ranged from 1.2 mA to 2 mA, with a duration of 20 min (80%). The profile of the research participants was predominantly individuals over 65 years old (80%), with a high risk of falls (60%) and a minority reporting a fear of falling (40%). The outcomes were favorable for the use of neuromodulation for the risk of falls in the older adults, through improvements in static and dynamic balance.

Conclusion: The results may have limited applicability to direct outcomes related to the risk of falls, in addition to evidence regarding the difference or lack thereof in applicability between genders, fallers and non-fallers, as well as older adults individuals with low and high fear of falling.

Systematic review registration: The protocol for this review was registered in the International Prospective Register of Systematic Reviews (PROSPERO) to obtain the identification of ongoing research (ID: 222429).
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1 Introduction

A fall is defined as an event where a person unintentionally comes to rest on the ground or another lower level, excluding cases caused by a blow, loss of consciousness, sudden paralysis, or epilepsy (Tkacheva et al., 2023). Falls can result in serious health problems, including injuries, high medical costs, and a negative impact on quality of life (Topka et al., 2020). Falls have a significant impact on the quality of life of patients, potentially leading to institutionalization and dependence on caregivers (Lysyy, 2020). Fall prevention is crucial in reducing the risk of falls, especially among older individuals. Falls are a major health issue for older people, with a high incidence of hip fractures.

Falls among older adults have significant repercussions, including serious injuries, negative impacts on physical function, mobility, psychological well-being, independence, and the potential need for long-term care (Maita et al., 2023). They can lead to decreased independence, increased risk of morbidity and mortality, and greater dependency and disability (Hamieh et al., 2023). Injuries from falls are associated with disability, loss of independence, and increased mortality among older adults. Falls can also result in fractures, which can be complicated by spinal infections and pacemaker lead infections, further increasing morbidity and mortality (Topka et al., 2020). As a common reason for emergency department visits with potentially disastrous outcomes, fall prevention strategies are essential.

Various neurobiological factors are associated with falls, although their individual impact may vary. Balance control depends on both the peripheral and central nervous systems. The vestibular system, part of the peripheral system, plays a crucial role in maintaining postural balance and spatial orientation in response to environmental changes (Yoo and Mihaila, 2022). Vestibular feedback control is fundamental for dynamic stability during human locomotion (Schniepp et al., 2017). Additionally, the cerebellum, a vital component of the brain, regulates motor movement and balance control. It coordinates gait, maintains posture, and controls muscle tone and voluntary activity, though it cannot initiate muscle contraction (Yoo and Mihaila, 2022).

The frontal and temporal lobes of the brain also play a significant role in conscious balance control. The frontal lobe is crucial for controlling movement, maintaining balance, and executing locomotion. It utilizes cognitive information from other cortical areas to plan and execute movements, enabling various gait patterns in response to environmental changes. This includes switching from automatic to controlled gait and learning new walking strategies through networks with the basal nuclei, cerebellum, and limbic structures (Takakusaki, 2023). Notably, fear of falling can influence the perception of balance, potentially exacerbating the risk of falls.

Despite improvements in basic health conditions, physical and mental conditioning, and disease prevention, ensuring healthy aging in the growing senior population remains a significant challenge (Gonçalves et al., 2014). This challenge hinges on three components: a low probability of developing diseases, minimal deficiencies in cognitive or physical-functional capacity, and active engagement with life (Araujo Nunes Marandini et al., 2017; Jantunen et al., 2017). Beyond the musculoskeletal system, impairments in neurosensory-motor integration and audiovisual temporal processing, processes crucial for simultaneity and temporal order perception, can further contribute to fall risk in older adults (Bilodeau-Mercure et al., 2015; Basharat et al., 2019).

Studies like Bueno et al. (2019) highlight the importance of neural or psychogenic factors in triggering neuromotor patterns predictive of falls, emphasizing the crucial role of individual response time to balance disturbances in fall prevention (Gélat and Chapus, 2015). Increased association time for adjustments due to these changes can significantly increase fall risk (Araujo Nunes Marandini et al., 2017; Smith and Fisher, 2018).

Considering these origins of motor control, investigating interventions with a neural focus becomes crucial. Transcranial stimulation, an emerging intervention, can modulate neural activity and regulate cortical function (Bilodeau-Mercure et al., 2015; Gélat and Chapus, 2015; Smith and Fisher, 2018; Basharat et al., 2019; Bueno et al., 2019; Li et al., 2019), potentially enhancing neuroplasticity (Gélat and Chapus, 2015; Choy et al., 2018; Basharat et al., 2019; Bueno et al., 2019; Zhang et al., 2019; Zheng et al., 2019).

Transcranial direct current stimulation (tDCS) is a non-invasive neuromodulation tool that alters spontaneous brain activity and excitability through subliminal modulation of neuronal membranes. The mechanism of action involves applying a continuous current through electrodes, flowing from the anodic to the cathodic electrode. This current passes through the skull and affects underlying brain regions, modifying the electrical potential of neuronal membranes and altering the likelihood of neurons firing. At the anode, the current tends to depolarize the membrane, facilitating neuronal excitability, while at the cathode, it can hyperpolarize and inhibit neuronal activity. Thus, tDCS can alter patterns of neural activity and produce therapeutic effects (Stagg et al., 2018).

Neuromodulation via transcranial stimulation is commonly used in treating patients with cerebrovascular and brain accidents, successfully improving residual symptoms like language (Valero-Cabré et al., 2019), dysphagia (Làdavas et al., 2015), and the manual dexterity of these patients (Alix-Fages et al., 2020). It is also cited as a recommended technique for reducing motor symptoms in older adults patients diagnosed with Parkinson’s Disease (Kamp et al., 2019).

Transcranial direct current stimulation (tDCS) has shown promise in treating falls and frailty syndrome in the older adults. tDCS is being studied in the context of rehabilitation and has been associated with exponential growth (Barboza et al., 2023). It is currently understood that tDCS can alter and strengthen synaptic activity and promote neuroplasticity, making it a valuable tool in the framework of rehabilitation (Simis et al., 2021). Studies have shown that tDCS can improve true recognition and reduce false memories in healthy older people, suggesting that it can enhance cognitive functioning (Meléndez et al., 2021). Additionally, tDCS has been found to enhance immediate memory, learning potential, and working memory in healthy older adults (Hampstead et al., 2022). These findings indicate that tDCS can be used as a non-invasive and safe method to enhance cognitive processes in the older adults, potentially reducing the risk of falls and improving frailty syndrome (Satorres et al., 2022).

However, using tDCS for fall prevention in older adults faces several challenges. Methodological gaps limit its current translational potential. While tDCS has shown promise in improving postural control and balance in both younger and older adults, results remain inconclusive. Lack of a precise understanding of tDCS mechanisms and the need for better prediction of individual response to stimulation pose major scientific challenges. Additionally, ethical issues of safety, character, justice, and autonomy must be carefully considered to protect individuals and groups in society.

While transcranial stimulation has demonstrated promising results in improving symptoms of neurological pathologies, its efficacy in directly addressing fear of falling and neuromechanical variables predictive of falls in older adults, a major risk factor for falls, remains underexplored. To address this crucial gap in knowledge, this study aims to assess the effects of non-invasive transcranial stimulation (tDCS) on fear of falling, alongside biomechanical gait and balance variables, and neuromechanical motor reaction time variables in this population. By examining these multifaceted outcomes, we hope to illuminate the potential of tDCS for mitigating fear of falling and, consequently, reducing fall risk in older adults.



2 Methods


2.1 Study design

The study is a systematic review conducted in accordance with the items of the Cochrane Handbook for Systematic Reviews of Interventions. The protocol for this review was registered in the International Prospective Register of Systematic Reviews (PROSPERO) to obtain the identification of ongoing research (ID: 222429).

The study design was made according to the following PICO strategy (Eriksen and Frandsen, 2018): adults aged 60 or older (Population), interventions by non-invasive neuromodulation (Intervention), other interventions, whether active or passive (Comparison), risk of falling, fear of falling, factors associated with the previous ones (Outcomes). The PRISMA recommendations were followed (Moher et al., 2009).

This study seeks to answer the following question: Are there evidences that support the use of non-invasive neuromodulation as an intervention in reducing the risk of falls and fear of falling in the older adults?



2.2 Search strategy

Searches were conducted in electronic databases: CENTRAL, Clinical Trials, LILACS, PEDro, PubMed, Web of Science, between 13/06/2020 and 13/09/2023, using the descriptors: transcranial magnetic stimulation, transcranial direct current stimulation, noninvasive brain stimulation, older adults, accidental falls, fear of fall, combined with the Boolean operators AND and OR.

A manual search of citation tracking and reference lists of articles was used to identify other eligible articles. To optimize the search strategy and find all variations of the primary terms, truncation operators and adjustments of the descriptors to the controlled vocabulary MeSH and DECs were used (Table 1).



TABLE 1 Strategies of research in eletronic databases.
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2.3 Eligibility criteria

To prepare the review, we initially considered all indexed randomized controlled clinical trials, without restrictions on language or publication date. However, to focus on the specific effects of non-invasive neuromodulation on healthy older adults, we ultimately limited our selection to studies involving participants without reported neurological pathologies. These studies investigated the use of neuromodulation as a primary intervention for reducing fear of falling and risk of falls in this population.

Articles related to case studies, systematic reviews, observational studies, experimental studies, or those deviating from the topic were excluded. Protocols that have not yet been completed were set aside for presentation in upcoming research results, within the theme of the review.

The screening of articles was carried out by two reviewers independently, starting with reading the title and abstract, retaining articles that met the eligibility criteria and excluding those that did not, followed by confirming eligibility through reading the full text of the article. The total number of articles found in all databases was analyzed, followed by counting and excluding duplicates, using Mendeley Desktop version 1.19.4 as support.

A comprehensive search identified 8,168 documents. Following deduplication (2,122), automated screening (3,924), title/abstract review (2,100), and full-text review (Basharat et al., 2019), 9 studies remained eligible for qualitative synthesis. Exclusion reasons for the remaining 2,100 articles were: Target data not reported (n = 432), focused on other outcomes (n = 398), investigated different exposures (n = 124), conducted with older adults with neurological conditions (Parkinson’s disease: n = 94, stroke: n = 475, Alzheimer’s disease: n = 347, peripheral neuropathy: n = 128), or were conference abstracts (n = 102). These exclusions yielded a final sample of 9 studies for qualitative synthesis using thematic analysis. Figure 1 shows the search and screening phases of the studies.

[image: Figure 1]

FIGURE 1
 Process of selection. * excluded from the review for not meeting eligibility criteria or being irrelevant to the topic.


The risk of bias was assessed using the PEDro scale. The PEDro assessment scale is a tool used to evaluate the methodological quality of clinical trials in physical therapy and rehabilitation. It consists of 10 items that assess various aspects of trial quality, such as randomization, blinding, and statistical analysis. Each item is scored as either present or absent, and the scores are summed to give a total PEDro score ranging from 0 to 10. The scale has been widely used in systematic reviews and is used to rank search results in the Physiotherapy Evidence Database (PEDro). However, there has been debate about the construct validity of the PEDro scale, with some studies questioning its ability to accurately assess trial quality. Despite these concerns, the PEDro scale continues to be used as a tool for evaluating the methodological quality of clinical trials in physical therapy and rehabilitation.

The assessment was carried out independently by two reviewers (G.A.S.B. and A. D. B.), and in cases of discrepancy, the differing items were reviewed and discussed by a third evaluator to reach a consensus on the score.

Each criterion is scored based on its presence or absence in the evaluated article, and the first item called specified eligibility criteria does not contribute to the total score. The final score is obtained by summing all positive responses. Articles were considered high quality and with low risk of bias with a score of 6 or higher; thus, articles with a score below 6 were considered low quality and with a high risk of bias.



2.4 Data extraction and analysis

Relevant data (first author’s name, year, sample size, age, gender, description of fall risk, fall history, fear of falling, type of outcome, data collection tool, description of interventions, and result) were extracted from each included article, checked to avoid any inaccuracies or omissions, and transferred to a spreadsheet in Microsoft Office Excel. At this stage of the review, the Rayyan application, developed by the Qatar Computing Research Institute (QCRI) (Ouzzani et al., 2016), was used as an auxiliary tool for archiving, organizing, and selecting articles.




3 Results


3.1 Characteristics of the included studies

The included studies evaluated 211 Old person of both genders (M = 116; F = 95). The minimum and maximum age ranged between 65 and 85 years. The sample size of the included studies, considering all groups, was 12–57 participants. The other characteristics of the studies (details of the intervention, comparator, outcome measures, evaluation, conclusion, methodological quality of clinical trials, and financial support) are presented in Table 2.



TABLE 2 Include studies (n = 9) continues on the next page.
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The overall therapeutic intervention period ranged from 1 to 6 sessions. The frequency of the intervention and control groups varied from 1 to 2 times per week. The duration of the intervention (session) ranged from 20 to 40 min, combined with other modalities, and 20 min for tDCS exclusively. The dosage of transcranial direct current stimulation varied from 1 to 2 mA.



3.2 Ongoing studies

In our search, we found 4 ongoing studies at https://clinicaltrials.gov/ (Table 3). Table 4 shows that the methodological quality score of the included studies ranged from 6 to 9 points on the PEDro scale. Of the items scored on the PEDro scale, none of the studies scored item 6 (blind therapists). In contrast, all studies scored on item 9 (data analysis with treatment or with intent to treat) and 10 (comparisons between groups). Regarding the other items, each study had its score if it met the criteria for each of the items. Therefore, only 9 studies make up this review, as they are classified with high methodological quality (PEDro ≥6).



TABLE 3 Ongoing studies.
[image: Table3]



TABLE 4 PEDro scale.
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3.3 Summary of main results

The review focused on evaluating the efficacy of non-invasive neuromodulation (tDCS, tMS and tACS) versus control (S-tDCS, any other approach to reduce the risk of falls in the older adults). Nine trials with a total of 240 (95 males; 145 females) participants were included. Four studies (Ouzzani et al., 2016; Ehsani et al., 2017; Kaminski et al., 2017; Baharlouei et al., 2020) with 98 (35 males; 65 females) participants addressed the outcome measure for fall risk: investigating the effect of tDCS versus control on motor reaction time, static and dynamic postural balance (center of pressure displacement).

Only two studies (Kaminski et al., 2017; Schneider et al., 2021), showed no evidence of post-intervention effect on static and dynamic balance (displacement and speed of the center of pressure). The authors attribute the lack of positive findings to tDCS, the applied methodology, where prior training of the motor activity to be performed promoted learning, thus masking possible positive results.

Effects of non-invasive neuromodulation on functional activities were the outcome of a single article (Smith and Fisher, 2018), which was also the only work that used Transcranial Magnetic Stimulation as an intervention. We found evidence of an effect post-intervention on fall protective mechanisms (increased walking speed in older adults fallers), even though there is a fragility of the intervention period (one session). However, when looking at the work, it is not possible to clearly discern the absence of evidence on motor reaction time and consequent temporal organization of anticipatory postural adjustments during walking, since the intervention group is a mix of fallers and non-fallers, with the intra-group intervention comparison being vulnerable to statistical error considering a sample of 12 older adults (divided into five fallers and seven non-fallers).

One study showed (Ouzzani et al., 2016; Mozafaripour et al., 2023) that were significant improvement in both balance tests in the intervention group after intervention compared to the control group. Both static and dynamic balance improved significantly from the baseline values only in the intervention group and not in the control group. No direct pre- and post-intervention risk assessments were reported.

No adverse events directed at the intervention were reported, and the dropout rate was low, being present in only three studies (Smith and Fisher, 2018; Yosephi et al., 2018; Lo et al., 2023).




4 Discussion


4.1 Total completeness and applicability of evidence

The results of this review seem to be quite promising for a short-term intervention and producing satisfactory results for reducing the risk of falls in the older adults. However, there are some factors that produce uncertainty for a satisfactory conclusion. These are: all studies included older adults of both sexes, without interpreting the influence of sex on the data; all studies characterize the fall risk of the older adults, with two reporting the history of falls (Smith and Fisher, 2018; Baharlouei et al., 2020) and two reporting the fear of falling (Moher et al., 2009; Ehsani et al., 2017; Eriksen and Frandsen, 2018; Yosephi et al., 2018; Kamp et al., 2019; Baharlouei et al., 2020), but none of them show these data as post-intervention outcomes.



4.2 Heterogeneity in intervention duration

Thus, the results may have limited applicability for direct outcomes to fall risk, in addition to evidence regarding the difference or not in applicability between sexes, fallers and non-fallers, as well as older adults with low and high fear of falling. A standardization regarding electrode size, positioning, intensity, and session duration was found in the studies.

Currently, there is not enough high-quality evidence to draw conclusions about the benefits or harms of TDCS. However, as there is no evidence of serious adverse effects and it can be easily administered, further research on tDCS is justified.

Regarding the comparable dropout rate between groups, it should not be assumed that the small number of dropouts in the included trials would be transferred to daily clinical practice.



4.3 Potential biases in the review process

The methodological rigor of the Systematic Reviews and Meta-Analyses: The PRISMA Statement minimizes bias in the process of conducting systematic reviews (Moher et al., 2009). However, some aspects of this review are open to bias, even though the studies were reviewed by two authors and a third was consulted when there was disagreement, and a considerable number of databases were used as a strategy, this does not guarantee that the risk of bias in the search is absent.



4.4 Agreements and disagreements with other studies or reviews

To the best of these authors’ knowledge, there is no other systematic review with the directed outcome. Other systematic reviews sought to evidence the effects of non-invasive neuromodulation on motor aspects in the older adults but directed at patients with motor disorders due to neurological conditions (Summers et al., 2016; Roncero et al., 2020; Shoaib et al., 2023).

The evidence from tDCS, the articles point out that from two to six sessions, positive effects are observed on postural balance and indirectly on the fall risk of the older adults (Ehsani et al., 2017; Yosephi et al., 2018; Baharlouei et al., 2020; Schneider et al., 2021; Lo et al., 2023; Mozafaripour et al., 2023; Sayig-Keren et al., 2023). These are satisfactory evidence, as interventions directed at the musculoskeletal system indicate that 12 to 20 weeks of balance training are needed to reduce the fear of falling and improve dynamic balance indices in older adults at high risk of falling (Judge et al., 1993; Lord and Castell, 1994; Gusi et al., 2012).



4.5 Conclusions and future research directions

Although we did not find results directly related to the risk of falls and fear of falling in the older adults through neuromodulation, it should be mentioned that it is a topic recently targeted by researchers in the scientific community, as only in 2023 we found three clinical trial registrations for these outcomes.

Another important point to consider is the attention that clinical trials give to the cognitive aspect of participants. Of the nine clinical trials included in this review, six investigated the cognitive state of the sample, excluding participants who showed any decline (Ehsani et al., 2017; Kaminski et al., 2017; Yosephi et al., 2018; Schneider et al., 2021; Lo et al., 2023; Sayig-Keren et al., 2023).

Falls and cognition share neurobiological mechanisms that contribute to fall risk in older adults. Cognitive impairment, including deficits in attention, executive function, and information processing speed, has been found to increase the risk of falls (Montero-Odasso and Camicioli, 2020; Le Floch et al., 2021; Edwards et al., 2023). Neuroimaging studies have revealed changes in brain networks, such as the fronto-parietal and subcortical networks, that are associated with both physical and cognitive function and are implicated in age-related falls (Rosso et al., 2020; Zhang et al., 2020). Specifically, alterations in the structural integrity, vascular characteristics, and functional activity of the central nervous system have been identified as potential contributors to falls. These findings suggest that age-related neurobiological changes in cognition and the central nervous system may underlie the increased risk of falls in older adults. Further research is needed to better understand the specific mechanisms and develop targeted interventions for fall prevention in this population. Neuromodulation may act on these shared mechanisms by targeting the CNS changes associated with both cognitive decline and fall risk. However, further research is needed to understand the specific neurophysiological outcomes of neuromodulation in relation to cognition and falls.

The study of falls in the older adults is advancing in the scientific community, with a focus on prevention and prediction, and in yet-to-be-explored areas, such as the biomarkers that determine this event.

Neurodegeneration biomarkers, such as MRI brain atrophy and [18F]FDG-PET hypometabolism, can be used to predict the risk of falls. Combined atrophy and hypometabolism, as assessed by MRI and [18F]FDG-PET, have been found to predict progression over 1 year in patients suspected of neurodegenerative disease (Olson et al., 2021). Neurophysiological techniques that evaluate synaptic function and brain connectivity can also serve as biomarkers for screening the risk of falls in individuals with mild cognitive impairment (MCI). These techniques, when combined with artificial intelligence methods, have shown promising results in identifying prodromal-to-dementia MCI subjects (Gramkow et al., 2020). Additionally, wearable technologies, such as inertial measurement units (IMUs), have been used to continuously monitor aspects of gait, balance, and other health-related factors known to be associated with falls. Measures of gait speed, step length, and entropy have been found to correlate with fall risk, and machine learning methods can distinguish between falls (Rossini et al., 2020).

Non-invasive neuromodulation, as highlighted in this systematic review, is being studied in relation to falls, but its specific relationship with neurodegeneration biomarkers and neurophysiological measures is not mentioned in the studies provided. Future studies should investigate the specific relationship between non-invasive neuromodulation and neurodegeneration biomarkers and neurophysiological measures. This would help to better understand how non-invasive neuromodulation works to prevent falls in the older adults and could lead to the development of new treatment strategies.

In general, this review contributes to the indication of the size and positioning of the electrodes, as well as the intensity and duration of a session, but leaving open the need for further studies to elucidate the positive effects and especially the long-term effects.
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