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Abstract: Advancements in rehabilitation medicine have created demand for hemiplegia recovery. Traditional methods
suffer from monotony and low compliance. Augmented Reality (AR) technology provides immersive training and real-
time feedback, enhancing patient engagement. AR-integrated devices like rehabilitation gloves enable personalized
training for impaired hand functions.

Keywords: Hemiplegia; Rehabilitation glove; Augmented reality; Motor function recovery; Patient compliance

Online publication: March 16, 2026

1. Introduction

Hemiplegia, often caused by stroke, significantly impacts patients’ daily living and quality of life. Traditional rehabilitation
methods, including physical and occupational therapy, can enhance motor functions but suffer from monotonous content
and low patient compliance, resulting in inadequate outcomes '"’. In recent years, Augmented Reality (AR) technology
has emerged as a vital tool in rehabilitation medicine, providing immersive training and real-time feedback, which
enhances patient engagement and compliance, and is more practical than Virtual Reality (VR) for daily applications . In
hemiplegia rehabilitation, AR-integrated devices like rehabilitation gloves enable personalized training for impaired hand
functions, collecting motion data through sensors and offering diverse tasks that enhance limb functionality and cognitive
engagement ™. Recent studies have explored gamification and remote monitoring with AR technology to enhance patient
compliance in rehabilitation, improving training frequency and motor functions while increasing satisfaction . Remote

rehabilitation and mobile app-assisted training have shown positive results in resource-limited situations ™"

2. Pathophysiology of hemiplegia and rehabilitation status analysis

2.1. Pathophysiology of hemiplegia
Hemiplegia is primarily caused by brain injury, particularly due to cerebrovascular accidents (such as ischemic or
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hemorrhagic strokes) that lead to unilateral brain hemisphere dysfunction, manifested as reduced or lost motor function of
the contralateral limbs """
Damage to motor neural pathways, especially the corticospinal tract, causes muscle weakness and motor impairment,

worsened by pathological synergy patterns like the flexion synergy in upper limbs post-stroke, leading to difficulties in

"1 Motor function impairment is often accompanied by sensory deficits, cognitive and

[12]

independent fine movements
language impairments, with complex pathological mechanisms involving neuroinflammation

2.2. Limitations of traditional rehabilitation

Traditional rehabilitation methods mainly include physical therapy, occupational therapy, and assisted functional training,
typically relying on the guidance and supervision of professional rehabilitation personnel. Such training processes tend
to be monotonous and lack effective real-time feedback mechanisms, resulting in insufficient patient motivation and poor
compliance "',

Additionally, the time cost and human resources required for traditional rehabilitation are significant, limiting its
accessibility. The content and intensity of training are often difficult to dynamically adjust based on patients’ specific
conditions, lacking personalization and intelligent support "',

For example, control of muscle spasms and improvement of movement coordination often rely on mechanical
repetitive training and manual therapy in traditional therapies, which have limited effectiveness and slow recovery !'*'®.
Furthermore, traditional training struggles to fully engage patients’ subjective initiative, impacting training compliance and

. 1
effectiveness'”.

2.3. Development trends in rehabilitation technology
Given the deficiencies of traditional rehabilitation, the current trend in the development of rehabilitation technology
emphasizes enhancing patient engagement and improving training compliance. The introduction of emerging technologies
such as Augmented Reality (AR), Virtual Reality (VR), and robotic-assisted training can create immersive and highly
interactive training environments for patients, thereby stimulating their training interest and initiative "*'".

Simultaneously, the demand for remote rehabilitation and home rehabilitation is growing, especially in situations
where medical resources are limited or patients have mobility restrictions, where technological means can effectively

expand the coverage of rehabilitation services ***'.

3. Augmented reality and its application in hemiplegia rehabilitation

3.1. Augmented reality technology in rehabilitation

Augmented Reality (AR) technology enhances users’ perception by overlaying virtual information on the real world,
using sensors and cameras for real-time scene capture, which creates an immersive interactive environment beneficial
for rehabilitation training *>**. AR technology immerses patients in simulated training, enhancing neural plasticity
and recovery. Unlike traditional rehabilitation, AR offers multi-sensory stimulation and real-time feedback to improve

movement and training outcomes, while also providing personalized programs through complex scenario simulations ****".

3.2. Application of AR in hemiplegia rehabilitation
AR technology combines gamification with rehabilitation training in engaging virtual scenarios, enhancing patient
motivation and adherence through task goals and feedback mechanisms. Research indicates that gamified training not only
increases patient participation but also promotes neural pathway remodeling, accelerating the recovery of motor function.
The diverse and personalized AR interaction modes enhance training by aligning it with patients’ needs, enabling difficulty
adjustments based on progress and providing real-time feedback that boosts self-efficacy.

Recent advancements in augmented reality (AR) for hemiplegia rehabilitation have significantly improved hand
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function, motor coordination, and muscle strength, with clinical studies showing enhanced sensory integration and
balance. AR training’s immersion and interactivity increased patient engagement and adherence. The combination of AR
systems with rehabilitation glove technology enabled precise guidance for hand movements. AR technology enhances
motor coordination, muscle strength, activity, and self-care, with AR-assisted rehabilitation devices integrating sensors and

algorithms to personalize training *.

3.3. Integrated technology applications

Firstly, the greatest advantage of integrated technology lies in enhancing the personalization and interactivity of training,
thereby increasing patient engagement and rehabilitation outcomes. Soft robotic rehabilitation gloves, as a safe and
promising technology, can significantly improve finger flexibility and hand function, and most studies confirm that patients
have high satisfaction levels. Pneumatic rehabilitation gloves with brain-machine interface technology recognize imagined
movements via EEG.

4. Conclusion

The integration of Augmented Reality technology with rehabilitation gloves represents a significant advancement in
hemiplegia treatment. This approach addresses key limitations of traditional methods by providing personalized, engaging,
and data-driven rehabilitation solutions. Future developments should focus on improving user experience, ensuring data
security, and expanding accessibility to maximize patient outcomes.
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