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Abstract

Aim. The aim of this study is to present the effects of an integrated rehabilitation program using the Arm Light
Exoskeleton Rehab Station (ALEx RS) on post-stroke upper limb motor recovery.

Methods. A 71-year-old male patient with left spastic hemiparesis following an ischemic stroke was evaluated and
included in a 10-day individualized rehabilitation program at Techirghiol Balneal and Recovery Sanatorium. Clinical
evaluation included the Modified Ashworth Scale for spasticity, Barthel Index for daily living activities, and the 10-
Meter Walk Test. The intervention program combined physiotherapy, hydrotherapy, massage, magnetotherapy, and
robotic-assisted training with ALEx RS.

Results. At the final evaluation, the patient showed reduced spasticity, improved muscle strength, coordination, gait,
and independence in daily activities. The Barthel Index improved from 45 to 65 points, and the 10-Meter Walk Test
improved from 25 seconds to 19 seconds.

Conclusions. The use of ALEx RS combined with complementary therapies contributed to significant improvements
in motor function, mobility, and quality of life. This case study highlights the role of robotic-assisted rehabilitation as an
effective tool in post-stroke therapy.
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Introduction

The development of the Arm Light Exoskeleton Rehab Station (ALEx RS) for post-stroke upper limb mobility
recovery reflects an increasing recognition of the importance of innovative rehabilitation technologies in enhancing
patient outcomes. The application of exoskeleton technology in stroke rehabilitation demonstrates potential not only in
restoring mobility but also in improving overall functioning and quality of life for stroke survivors (Meng et al., 2019;
(Louie et al., 2021). The ALEX RS is designed to assist patients in performing rehabilitation exercises that enhance the
mobility of the shoulder, elbow, and forearm, featuring a user-centered design that accommodates the anatomical
movements required for upper limb rehabilitation (Wahyu et al., 2023; Rico et al., 2016).

The exoskeleton's mechanical design aims to maximize freedom of movement while ensuring user comfort, which is
crucial for sustained rehabilitation activity (Wahyu et al., 2023; Li et al., 2024). The inclusion of flexible fabric and a
lightweight framework minimizes the physical burden on users, facilitating longer durations of use during therapeutic
sessions (Jin et al., 2024). This design philosophy aligns with contemporary approaches that reduce user fatigue through
ergonomic principles, essential for maintaining patient engagement in rehabilitation exercises (Louie et al., 2020;
Vaughan-Graham et al., 2020). Moreover, incorporating various actuation methods ensures a range of motion that can
adapt to the specific rehabilitation needs of different recovery stages, as outlined in common rehabilitation models for
stroke therapy (Manna & Dubey, 2019).

Research has indicated that intensive, adaptive therapy significantly accelerates recovery in post-stroke patients
(Manna & Dubey, 2019; Louie et al., 2021). Devices such as the ALEx RS can provide necessary sensory feedback,
often lacking in conventional rehabilitation methods, thereby fostering motor skill learning and enhancing motivation
(Manna & Dubey, 2019; Tang et al., 2023). Studies highlight that using technology to provide real-time feedback
improves neuroplasticity, which is vital for restoring motor function (Tang et al., 2023; Rico et al., 2016). The
integration of exoskeletons not only addresses the physical aspects of rehabilitation but also engages patients
cognitively and emotionally in their recovery processes (Vaughan-Graham et al., 2020; Louie et al., 2021).

In terms of clinical efficacy, recent meta-analyses have demonstrated that powered exoskeletons can significantly
improve upper limb functionality in stroke survivors (Kim & Kim, 2022; Norouzi-Gheidari et al., 2012). Exoskeletons
like the ALEx RS allow for repeated task practice, linked to better functional outcomes compared to conventional
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therapy (Louie et al., 2020; Hobbs & Artemiadis, 2020). Early results suggest that patients who engage with robotic
systems experience greater improvements in muscle strength and coordination (Meng et al., 2019; Louie et al., 2021).
This supports the notion that exoskeletons can effectively augment traditional rehabilitation protocols, enabling patients
to engage in higher volumes of practice than would otherwise be feasible with human therapists alone (Kim & Kim,
2022; Maciejasz et al., 2014).

Kinematic analysis is another critical component in the design and application of the ALEx RS. The exoskeleton
features joints that effectively replicate human movement patterns, essential for producing naturalistic motions during
rehabilitation (Manna & Dubey, 2019; Pang et al., 2020; Rico et al., 2016). This biomechanical fidelity ensures that
patients gain functional skills transferable to their daily activities post-rehabilitation (Sarhan et al., 2024; Zhang et al.,
2020). Careful consideration of mechanical design can lead to devices that not only assist in motion but also promote
muscle strength and adaptability over time (Rahman et al., 2014; Zhang et al., 2015).

Additionally, integrating feedback and control mechanisms such as electromyography (EMG) can offer a tailored
experience for patients. By utilizing EMG signals to control exoskeleton movements, the ALEx RS can adapt in real-
time to the user’s physiological responses, providing a more immersive and effective rehabilitation environment (Jin et
al., 2024; Triwiyanto et al., 2023; Tang et al., 2023). This approach is particularly beneficial for patients who
demonstrate varying recovery progress levels, allowing for personalized training regimens that adjust to their specific
functional capacities during different rehabilitation sessions (Tang et al., 2023; Maciejasz et al., 2014).

Research has also highlighted the potential psychological benefits of using exoskeletons in rehabilitation settings.
The empowerment experienced by patients when using these devices can lead to heightened motivation and satisfaction,
critical components of a successful recovery journey (Vaughan-Graham et al., 2020; Fernandez et al., 2021; Zhang et
al., 2024). Patient perspectives outlined in qualitative studies underscore the importance of incorporating user feedback
into the design process to ensure that technological interventions are effective and acceptable to end-users (Triwiyanto
et al., 2023; Vaughan-Graham et al., 2020; Louie et al., 2021).

Integrating the Arm Light Exoskeleton Rehab Station (ALEx RS) into post-stroke rehabilitation represents a
multidisciplinary approach that harnesses advancements in robotics, biomechanics, and neurorehabilitation principles.
Such innovations are poised to revolutionize recovery strategies, making therapy more efficient, effective, and tailored
to the unique needs of stroke survivors. Ongoing research and clinical trials will be pivotal in validating the long-term
benefits of these emerging technologies and their role in restoring autonomy and quality of life to individuals affected
by stroke.

Objectives

The primary objective of this case study was to explore the effects of an integrated rehabilitation program that
combined conventional physiotherapy with robotic-assisted training using the ALEx RS exoskeleton. More specifically,
the rehabilitation approach aimed to enhance the patient’s muscle strength and endurance in the affected upper and
lower limbs, while at the same time maintaining and improving joint mobility. Another important objective was to
improve postural stability and balance, thereby reducing the risk of falls and facilitating greater independence in daily
activities.

A further focus was placed on reducing spasticity and improving neuromuscular coordination, as these elements are
essential for restoring functional movements of the upper limb. Finally, the rehabilitation program sought to promote
gait re-education and to increase the patient’s overall autonomy in personal care and daily living tasks. Through these
objectives, the study intended to demonstrate how a patient-centered, technologically assisted therapeutic program can
contribute to functional recovery and an improved quality of life after stroke.

Methods

The study was conducted over a 12-week period at the Techirghiol Balneal and Recovery Sanatorium in Constanta.
The subject was a 71-year-old male with a medical history of arterial hypertension and right hemispheric ischemic
stroke, resulting in left spastic hemiparesis.

Clinical assessment included:

- Modified Ashworth Scale for spasticity;

- Barthel Index for activities of daily living;

- 10-Meter Walk Test for gait performance.

The rehabilitation program included physiotherapy, hydrokinetotherapy, massage, magnetotherapy, and robotic-
assisted rehabilitation using ALEx RS. Exercises involved passive and active movements, bilateral mirror therapy, and
guided assistance. The ALEx RS exoskeleton supported flexion—extension and abduction-adduction movements,
enhancing neuromotor re-education.
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Results

At the end of the 12-week rehabilitation program, the patient demonstrated significant functional improvements.
Muscle strength in the left upper and lower limbs increased, coordination improved, and balance deficits diminished.
Spasticity decreased according to the Modified Ashworth Scale, and the patient showed greater independence in daily
activities.

Table 1. Evolution of motor function and daily living capacity

Parameter Initial Evaluation Final Evaluation Outcome
Muscle strength — leftarm  Low Improved 1 Functional use
Muscle strength — leftleg  Low Improved 1 Stability
Coordination — left arm Limited Improved 1 Motor control
Coordination — left leg Limited Improved 1 Gait quality
Balance Deficient Improved | Fall risk
Barthel Index 45 65 1 Independence
10-Meter Walk Test (sec) 25 sec (Score 0) 19 sec (Score 5) 1 Walking speed

The improvements observed were clinically relevant, as the patient progressed from limited mobility and
dependence to improved functional capacity. The reduction in walking time by six seconds at the 10-Meter Walk Test
indicated a measurable gain in gait efficiency. Similarly, the increase of 20 points in the Barthel Index demonstrated a
substantial enhancement in the patient’s ability to perform daily living activities independently.

Patient Evolution: Functional Scores
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Discussions

The findings of this case study highlight the benefits of integrating robotic-assisted rehabilitation with conventional
physiotherapy in post-stroke recovery. The patient demonstrated significant improvements in muscle strength,
coordination, gait, and daily living independence after a 12-week intervention. These results are in line with recent
literature emphasizing the value of exoskeleton technologies in enhancing neurorehabilitation outcomes.

Previous studies have demonstrated that robotic exoskeletons provide high-intensity, repetitive, and task-oriented
training that is crucial for stimulating neuroplasticity and functional recovery (Meng et al., 2019; Louie et al., 2021).
The improvements observed in this patient, such as reduced spasticity and improved Barthel Index scores, support the
findings of meta-analyses that report superior functional outcomes when robotic systems are integrated into
rehabilitation compared to conventional therapy alone (Kim & Kim, 2022; Norouzi-Gheidari et al., 2012).

The design of the ALEx RS, which emphasizes biomechanical fidelity and ergonomic comfort (Wahyu et al., 2023;
Rico et al., 2016; Li et al., 2024), may have contributed to the patient’s ability to sustain therapy sessions without
excessive fatigue. This aligns with contemporary approaches that reduce user burden and promote adherence to long-
term rehabilitation (Vaughan-Graham et al., 2020).

The kinematic precision of ALEx RS allows for naturalistic and symmetrical upper limb motions, consistent with
other devices that replicate physiological joint movements to support functional skill transfer (Pang et al., 2020; Zhang
et al., 2020). Furthermore, evidence suggests that incorporating adaptive control mechanisms, such as real-time
feedback or electromyography (EMG)-based systems, enhances the personalization and efficacy of robotic-assisted
therapy (Tang et al., 2023; Jin et al., 2024; Triwiyanto et al., 2023).

In addition to physical improvements, the literature highlights the psychological and motivational advantages of
robotic rehabilitation. The patient’s increased engagement and autonomy observed in this study reflect similar findings
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reported in qualitative research, where exoskeleton use was associated with heightened motivation and satisfaction
(Fernéandez et al., 2021; Vaughan-Graham et al., 2020).

These findings also emphasize the importance of combining technological innovations with individualized
rehabilitation strategies. While robotic-assisted therapy provides consistency and intensity, the human component of
physiotherapy remains crucial for addressing the patient’s unique functional and psychological needs. The integration of
ALEX RS into a multidisciplinary program allowed for the reinforcement of motor learning, which is consistent with
modern neurorehabilitation principles.

The patient’s functional gains were clinically meaningful: the Barthel Index increased from 45 to 65 points,
indicating a transition from moderate to mild dependence in daily living activities, and the 10-Meter Walk Test
improved from 25 seconds to 19 seconds, reflecting a measurable gain in walking efficiency and safety. Improvements
in balance and coordination further reduced fall risk and enhanced autonomy. These results underscore the potential of
robotic exoskeletons to achieve not only statistical significance but also real-world, practical benefits for stroke
survivors.

Finally, this study highlights the need for larger controlled trials to confirm the long-term clinical efficacy of ALEXx
RS and to identify the patient populations most likely to benefit from this technology.

Conclusions

This case study demonstrates that the integration of robotic-assisted rehabilitation with conventional physiotherapy
can produce significant improvements in post-stroke motor function, mobility, and independence. The use of the Arm
Light Exoskeleton Rehab Station (ALEx RS) enabled repetitive, task-specific, and adaptive training that facilitated
neuroplasticity and functional recovery in the patient.

The outcomes observed, including reduced spasticity, enhanced muscle strength, and improved Barthel Index
scores, are consistent with evidence from recent studies showing the efficacy of robotic devices in stroke rehabilitation
(Meng et al., 2019; Kim & Kim, 2022; Norouzi-Gheidari et al., 2012). Furthermore, the ergonomic and biomechanical
design of ALEX RS, which emphasizes comfort and naturalistic motion patterns (Rico et al., 2016; Wahyu et al., 2023),
supported patient adherence to therapy and maximized the therapeutic benefit.

While the findings are limited to a single case, they highlight the potential of exoskeleton technology to augment
conventional treatment protocols and to address both the physical and psychological dimensions of recovery. Future
clinical research with larger cohorts and controlled trials will be essential to validate the long-term benefits of ALEx RS
and similar devices in post-stroke rehabilitation.

ALEXx RS represents a valuable addition to the multidisciplinary toolkit for neurorehabilitation, offering
personalized, intensive, and motivating therapy that can enhance patient outcomes and contribute to the restoration of
autonomy and quality of life in stroke survivors.
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