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To investigate the role of artificial intelligence in analyzing central and
peripheral mechanisms involved in gait adaptation among the elderly. This
study employed a narrative review design using descriptive analysis. A
systematic search was conducted across international databases from 2015 to
2025 to identify relevant studies on the use of Al in gait analysis in older adults.
Extracted data were categorized based on data types (motion, neural, muscular,
wearable) and the Al algorithms applied. The results indicate that Al algorithms
have effectively identified abnormal gait patterns in older adults and modeled
interactions between brain activity, muscle coordination, and joint dynamics.
The use of multimodal data, such as EEG, EMG, fNIRS imaging, and wearable
sensors, has enabled early prediction of pathological gait changes. Algorithms
such as neural networks, Random Forest, and SVM demonstrated high
performance in processing these datasets. Artificial intelligence, through its
capacity to process complex data and detect hidden patterns, serves as a
powerful tool in the analysis of gait mechanisms in aging. Despite challenges
such as data quality dependency and interpretability issues, Al can play a vital
role in early diagnosis, personalized rehabilitation planning, and enhancing
mobility independence in older adults.
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Extended Abstract

Introduction

Age-related changes in the neuromuscular and cognitive systems significantly influence gait
patterns and stability in older adults, often resulting in a higher risk of falls, reduced independence, and a
lower quality of life. Gait is a complex, dynamic process involving not only biomechanical and muscular
systems but also high-level neural coordination between central and peripheral mechanisms. With age,
central mechanisms such as cortical motor planning and sensorimotor integration deteriorate, making gait
control more dependent on compensatory strategies (Al-Yahya et al., 2019). Simultaneously, peripheral
mechanisms, including muscle strength, proprioception, and joint coordination, are compromised,
contributing to gait irregularities (Wallard et al., 2018).

In recent years, artificial intelligence (Al) has emerged as a transformative approach in the analysis
of gait, offering advanced tools to handle the multidimensional and nonlinear nature of gait-related data.
Machine learning algorithms, particularly deep learning models, have demonstrated strong potential in
classifying gait patterns, predicting fall risk, and modeling neural control of locomotion (Sun et al., 2023).
The application of Al in this domain is supported by its capacity to process large-scale, heterogeneous
data—including motion capture, electromyography (EMG), brain imaging, and wearable sensor data—
simultaneously and extract meaningful features for precise modeling (Kim et al., 2023b).

Al-based systems are also used to explore the cortical underpinnings of gait control. Neuroimaging
data from functional near-infrared spectroscopy (fNIRS) and electroencephalography (EEG) have been
employed to understand how prefrontal and motor cortices are engaged during dual-task walking in older
adults (Sui et al., 2022). These studies suggest that aging leads to increased reliance on frontal brain regions
during locomotion, possibly as a compensatory response to deficits in automatic motor control (Holtzer et
al., 2015). Wearable sensors, which can capture spatiotemporal gait parameters in real-world
environments, have further enabled continuous, non-invasive monitoring and real-time feedback
generation (Nocera et al., 2019).

Despite the vast potential, the use of Al in gait analysis faces challenges, including data quality
dependence, risks of overfitting in models, difficulties in model interpretability, and ethical concerns
related to the privacy of older adults' physiological data (Clarke et al., 2021; Marcus et al., 2019).
Nonetheless, Al provides a promising path toward personalized, predictive, and preventive gait
assessment and rehabilitation strategies for aging populations.

This study aims to provide a comprehensive narrative review of how Al technologies are being
utilized to analyze central and peripheral mechanisms involved in gait adaptation during aging. By
synthesizing recent empirical findings and technological innovations, the paper explores the types of data
employed, the modeling strategies used, and the implications of Al-based gait analysis in clinical and
rehabilitation contexts.

Methods and Materials

This narrative review was conducted using a descriptive analysis approach to synthesize current
literature on the use of artificial intelligence in understanding gait mechanisms among the elderly. A
structured search strategy was applied to international databases including PubMed, Scopus, IEEE Xplore,
and Web of Science, focusing on studies published between 2015 and 2025. Studies included in this review
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focused on Al applications in gait analysis related to central nervous system activity, peripheral
biomechanics, and multimodal data integration.

Studies were selected based on relevance to elderly gait adaptation, use of Al-based modeling
(machine learning or deep learning), and utilization of data such as motion capture, EMG, EEG/fNIRS,
or wearable sensors. Data extraction focused on the type of algorithm used, data modality, analytical goals
(e.g., classification, prediction, modeling), and key findings. Analysis was descriptive, focusing on
recurring themes and patterns across studies.

Findings and Results

The findings of this review indicate that Al algorithms have been effectively employed to identify
abnormal gait patterns in elderly individuals, using a wide array of data types. Machine learning models
such as Random Forest and Support Vector Machines (SVM) have been applied to motion capture and
inertial measurement unit (IMU) data to classify gait irregularities and predict fall risk with high accuracy.
Deep learning models, including convolutional and recurrent neural networks (CNN, RNN), have been
particularly effective in processing time-series data from wearable sensors and EMG.

Neuroimaging data from EEG and fNIRS have been used to model central mechanisms of gait
control, revealing increased engagement of prefrontal regions during dual-task walking in older adults.
These models have identified functional connectivity changes and alterations in cortical activation patterns
associated with cognitive-motor interference.

Peripheral mechanisms, such as muscle coordination and joint kinematics, have been modeled
using Al to reveal compensatory strategies employed by elderly individuals during gait. For example,
EMG-based models have demonstrated shifts in muscle activation timing, while motion capture data
combined with Al have illustrated altered joint dynamics across gait phases.

The review also found that Al is being used for early detection of pathological gait changes.
Algorithms trained on multimodal datasets have identified subtle deviations in gait that precede clinical
symptoms, enabling proactive interventions. Wearable-based models have been deployed for real-time
gait monitoring and fall detection, offering practical applications in home and community settings.

Despite these advancements, challenges persist in data standardization, synchronization of
multimodal inputs, and the interpretability of model outputs. Several studies have emphasized the need
for explainable Al to improve clinical trust and utility.

Conclusion

The use of artificial intelligence in analyzing gait adaptation among older adults marks a paradigm
shift in how researchers and clinicians approach mobility assessment. Traditional biomechanical analysis
often relies on isolated measures and assumes linear relationships among variables. In contrast, Al enables
the integration of diverse datasets and the identification of nonlinear, complex interdependencies between
neural, muscular, and biomechanical systems.

By leveraging Al, researchers have gained deeper insight into how aging affects central and
peripheral mechanisms involved in gait control. For instance, the discovery that prefrontal cortex
engagement increases during walking among older adults suggests a shift from automatic to cognitively



mediated locomotion. Similarly, the ability to model and quantify muscular compensation strategies
allows for a more individualized understanding of motor adaptation.

Moreover, Al systems facilitate the early detection of subtle gait anomalies that might not be
observable through conventional assessments. This capability is crucial in preventative healthcare, as it
opens the door to timely interventions before gait deterioration results in functional loss or injury.
Wearable technologies powered by Al offer continuous monitoring in real-world settings, supporting the
transition toward personalized and adaptive rehabilitation strategies.

However, the implementation of Al in this context is not without limitations. Data quality remains
a critical concern, particularly when dealing with noisy sensor inputs or small sample sizes. Overfitting
remains a technical hurdle, especially in deep learning models trained on limited data. Furthermore, the
opacity of some Al models poses challenges for clinical decision-making, where transparency and
explainability are paramount.

Ethical considerations also warrant attention. As Al systems increasingly rely on physiological
and behavioral data, ensuring the privacy and informed consent of older adults becomes imperative. Trust
in Al tools can only be achieved through robust ethical frameworks and clear communication of how data
is used, stored, and protected.

In conclusion, artificial intelligence holds substantial promise for advancing our understanding of
gait mechanisms in aging. It enables multidimensional analysis of movement patterns, uncovers
previously hidden neural and biomechanical relationships, and paves the way for smarter, more
individualized interventions. Moving forward, interdisciplinary collaboration between engineers,
clinicians, neuroscientists, and ethicists will be essential to harness the full potential of Al in promoting
healthy aging and mobility preservation.
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