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- targeted muscles, reducing spasticity and improving range of motion. This
Introduction approach is particularly effective for treating dynamic spasticity and can
complement other rehabilitation interventions to optimize functional outcomes.
Upper-limb spasticity is a common condition characterized by increased FES is a rehabilitation technique that utilizes electrical stimulation to evoke
muscle tone, stiffness and involuntary muscle contractions, often resulting muscle contractions and facilitate movement. By delivering electrical impulses
from neurological disorders such as stroke, cerebral palsy, or traumatic brain o targeted muscles, FES can help improve muscle strength, coordination and
injury. It can significantly impair an individual's ability to perform activites ~ motor control in individuals with upper-imb spasticity. This technology can be
of daily living, impacting their independence and quality of life. Fortunately, integrated into therapy sessions or incorporated into assistive devices, such as
modem rehabilitation techniques offer a variety of approaches to effectively ~ FES-assisted orthoses, to enhance functional performance and independence [4].
manage and reduce upper-limb spasticity, improving functional outcomes
and promoting recovery [1]. Before delving into rehabilitation techniques, it
is crucial to understand the underlying mechanisms of upper-limb spasticity.
This condition arises from disruptions in the central nervous system, leading
to hyperexcitability of spinal reflexes and imbalance between agonist and
antagonist muscles. As a result, affected individuals experience exaggerated
muscle tone, stiffness and difficulty in voluntary movement [2].

Virtual reality rehabilitation harnesses immersive technologies to create
simulated environments and interactive tasks for therapeutic purposes. By
engaging patients in virtual environments, VR rehabilitation offers a motivating
and engaging platform for motor learning and rehabilitation. Virtual reality
games and activities can be tailored to address specific movement impairments
and spasticity patterns, providing targeted interventions to promote recovery
and functional gains. Robotic-assisted therapy involves the use of robotic
devices to facilitate upper-limb rehabilitation. These devices offer repetitive,
Description task-specific training tailored to individual needs, allowing for precise control

over movement parameters and intensity. Robotic-assisted therapy can target

Physical therapy is a cornerstone in the management of upper-imb varioqs a_spects of upper—limb function, including range _of motionl, strepgth,

spasticity. Therapeutic exercises aim to improve range of motion, muscle  coordination and spasticity management. By providing high-intensity training
strength and motor control while reducing spasticity. Techniques such and real-tlme feedback, robotic devices help optimize motor learning and
as stretching, passive range of motion exercises and Proprioceptive  functional recovery [5].
Neuromuscular Facilitation (PNF) can help alleviate muscle tightness and
promote flexibility. Additionally, therapists may utilize modalities like electrical CO"C'USiOﬂ
stimulation or ultrasound to further reduce spasticity and enhance muscle
function. Occupational therapy focuses on enhancing functional abilities and
facilitating participation in daily activities. Therapists work with patients to
develop customized rehabilitation plans tailored to their specific needs and
goals. Activities may include functional tasks, such as grooming, feeding
and dressing, adapted to accommodate the individual's level of spasticity.
Assistive devices and adaptive strategies are also incorporated to maximize
independence and improve overall quality of life. CIMT is a specialized
rehabilitation approach designed to promote the use of the affected limb while
restraining the unaffected limb. By restricting the movement of the unaffected
limb, CIMT encourages intensive practice and retraining of motor skills in the
affected limb [3].

This intensive and repetitive training has been shown to induce
neuroplastic changes in the brain, leading to improved motor function and Acknowledgement
reduced spasticity in individuals with upper-limb impairments. Botulinum
toxin injections, commonly known as Botox injections, are frequently used to
manage focal spasticity in specific muscle groups. By blocking the release
of acetylcholine at the neuromuscular junction, Botox temporarily weakens

The management of upper-limb spasticity requires a comprehensive
and multidisciplinary approach, utilizing modern rehabilitation techniques
to address the complex motor impairments associated with this condition.
Through a combination of physical therapy, occupational therapy, specialized
interventions such as CIMT and botulinum toxin injections and emerging
technologies like virtual reality and robotic-assisted therapy, individuals with
upper-imb spasticity can achieve meaningful improvements in function,
independence and quality of life. By continuing to innovate and integrate
evidence-based practices into clinical care, rehabilitation professionals can
help maximize outcomes and promote optimal recovery for patients with
upper-limb spasticity.
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