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Neurofluidic Exoskeletons for Adaptive Gait Rehabilitation:
A Translational Perspective

ABSTRACT:

Neurofluidic exoskeletons are a revolutionary innovation for gait retraining of individuals with neurological
impairments, such as stroke or multiple sclerosis. These fluid-based devices adjust according to patient
progress and can provide personalized torque and timing for smoother AND more natural movement than
traditional, rigid exoskeletons. Recent studies report that exoskeleton-assisted gait training improves gait
function and lower limb strength in subacute stroke patients. In contrast, enhanced neuroplasticity appears
to arise from the intervention through the use of adaptive control algorithms. However, issues such as device
miniaturization, the ease with which devices can be fitted, and equitable access still need to be pondered.
Other large-scale studies are needed to establish the long-term effectiveness and cost-benefits. The present
commentary argues that the neurofluidic exoskeletons can make a paradigm shift in neurorehabilitation and
notes the need for further inquiry and policy mechanisms for integrating these technologies into clinical
practice to improve mobility and the quality of life.

DISCUSSION:

The burden of gait impairment following neurological injury, such as stroke or multiple sclerosis, remains
a major challenge in neurorehabilitation, affecting millions globally each year. Traditional gait retraining
methods, while effective for some, often fail to provide the individualized, adaptive support required for
optimal recovery in patients with severe ambulatory limitations. The recent advent of neurofluidic, fluid-
driven exoskeletons-capable of dynamically evolving with patient progress-marks a significant step forward
in personalized rehabilitation technology.

Recent studies have demonstrated that wearable powered exoskeletons can safely and effectively augment
gait training in subacute stroke patients, leading to improvements in both gait function and lower limb
strength. In a multicenter randomized controlled trial published in April 2025, 93 subacute stroke patients
underwent 20 sessions of torque-assisted exoskeleton training. The results showed that exoskeleton-assisted
gait training produced functional gains comparable to conventional rehabilitation, with additional increases
in lower extremity muscle strength (1). Importantly, the exoskeletons utilized in these studies incorporated
adaptive control algorithms, allowing for real-time adjustment of assistance levels based on patient
performance key feature for maximizing neuroplasticity and functional recovery (2). Neurofluidic
exoskeletons represent the next generation of this technology, using fluid-driven actuators for smoother,
more natural movement and finer gradations of support. Unlike earlier rigid or preprogrammed devices,
these systems can continuously adapt torque and timing parameters, responding to subtle changes in patient
gait and effort (3). This adaptability addresses a critical limitation identified in qualitative studies: users and
therapists have noted that fixed-pattern exoskeletons can feel unnatural and may even impede the relearning
of physiological gait patterns (4). By evolving with patient progress, neurofluidic exoskeletons promise to
reduce compensatory movements and promote more typical, efficient gait retraining.

Despite these advances, several challenges remain. Clinicians have highlighted the need for further
miniaturization, streamlined fitting processes, and integration of comprehensive data feedback to optimize
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therapy and track patient progress (5). Additionally, while current evidence supports the safety and efficacy
of exoskeleton-assisted gait training, large-scale trials are needed to confirm long-term benefits and cost-
effectiveness, particularly in diverse patient populations and real-world settings. Access and affordability
also require attention to ensure equitable implementation across healthcare systems.

CONCLUSION:

In conclusion, neurofluidic exoskeletons offer a transformative approach to adaptive gait retraining,
aligning rehabilitation intensity and support with individual patient trajectories. To fully realize their
potential, ongoing research should focus on refining device design, expanding clinical trials, and developing
guidelines for integration into standard neurorehabilitation practice. Policymakers and healthcare providers
must also prioritize investment in this technology to bridge the gap between innovation and patient care,
ultimately improving mobility and quality of life for those affected by neurological gait disorders.
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