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Abstract- 
Stroke is a leading cause of disability worldwide, and early intervention with physiotherapy is critical for maximizing recovery and minimizing long-term impairments. This chapter provide an overview of the principles and techniques of stroke physiotherapy management, with a focus on evidence-based practices for promoting motor recovery, improving functional outcomes, and enhancing quality of life for stroke survivors. The chapter begins with a discussion of the pathophysiology of stroke, including the various types of stroke and the implications for physiotherapy management. The importance of early intervention and the role of physiotherapy in the acute and subacute phases of stroke recovery will be highlighted, along with the benefits of a multidisciplinary approach to stroke rehabilitation. The chapter then delve into the specific techniques and exercises used in stroke physiotherapy, including motor relearning, task-specific training, and constraint-induced movement therapy. The use of technology and virtual reality in stroke rehabilitation will also be explored, along with the potential for future research and advancements in the field. Challenges and limitations of stroke physiotherapy will also be discussed, such as the need for individualized treatment plans and the potential for plateauing or regression in recovery. Finally, the chapter conclude with a summary of the key takeaways for stroke physiotherapy management and the importance of ongoing support and follow-up care for stroke survivors. Overall, this chapter provide a comprehensive overview of stroke physiotherapy management, with a focus on evidence-based practices and the latest research in the field. By highlighting the importance of early intervention, a multidisciplinary approach, and individualized treatment plans, this chapter serve as a valuable resource for healthcare professionals, researchers, and students in the field of stroke rehabilitation.
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Stroke is a major cause of long-term disability, with approximately 17 million people worldwide experiencing a stroke each year 1.  The impact of stroke on physical function can be significant, with many stroke survivors experiencing hemiparesis, spasticity, and balance deficits that can lead to decreased mobility and independence 2. As such, effective rehabilitation is critical for optimizing functional outcomes and quality of life in stroke survivors. Physiotherapy is an important component of stroke rehabilitation, with the goal of improving motor function, gait, and balance 3. Physiotherapy interventions typically involve a combination of exercise, neuromuscular re-education, and gait training, with the aim of promoting neuroplasticity and facilitating recovery 4. The physiotherapy management of stroke is a complex and multifaceted process that requires a comprehensive understanding of the underlying pathophysiology of stroke and the principles of motor learning and neuroplasticity. The physiotherapy management of stroke is typically divided into three main phases: the acute phase, the subacute phase, and the chronic phase. In the acute phase of stroke, the primary goal of physiotherapy is to prevent complications and promote early mobilization. This may involve passive range of motion exercises, positioning, and bed mobility training. Early mobilization has been shown to improve functional outcomes and reduce the risk of complications such as pneumonia and deep vein thrombosis. In the subacute phase of stroke, the focus of physiotherapy shifts to motor recovery and functional rehabilitation 5. This may involve a combination of task-specific training, gait training, and balance training. The use of evidence-based interventions such as CIMT and VRT may also be beneficial in promoting motor recovery 6. 
Stroke is a heterogeneous disease that can be classified based on various factors, including the underlying pathophysiology, clinical presentation, and imaging characteristics. The most common classification of stroke is based on the underlying pathophysiology, which can be either ischemic or hemorrhagic. Ischemic stroke accounts for approximately 87% of all strokes and occurs as a result of a blockage or occlusion of a blood vessel in the brain. Ischemic stroke can be further classified based on the location of the occlusion, with the most common types being large vessel occlusion, small vessel occlusion, and cardioembolic stroke. Hemorrhagic stroke accounts for approximately 13% of all strokes and occurs as a result of bleeding in the brain. Hemorrhagic stroke can be further classified based on the location of the bleeding, with the most common types being intracerebral hemorrhage and subarachnoid hemorrhage.
Classification of stroke
Clinical classification of stroke is based on the presenting symptoms and signs, and can be classified into the following types: (1) cerebral infarction, (2) intracerebral hemorrhage, (3) subarachnoid hemorrhage, and (4) undetermined stroke. This classification system is widely used in clinical practice and has been shown to be useful in predicting prognosis and guiding treatment decisions 7. Imaging classification of stroke is based on the characteristics of the stroke on neuroimaging studies, including computed tomography (CT) and magnetic resonance imaging (MRI). Imaging classification of stroke includes the following types: (1) ischemic stroke, (2) hemorrhagic stroke, and (3) transient ischemic attack.
1. Ischemic Stroke:
Ischemic stroke occurs when a blood clot blocks a blood vessel in the brain, which leads to a lack of blood flow and oxygen to the brain tissue. This can cause brain damage and result in various neurological symptoms. Common causes of ischemic stroke include atherosclerosis, cardio-embolism, and small vessel disease. Atherosclerosis is a condition where plaque builds up in the arteries and can block blood flow. Cardio-embolism is when a blood clot forms in the heart and travels to the brain, blocking a blood vessel. Small vessel disease is when the small blood vessels in the brain become damaged and block blood flow.
2. Hemorrhagic Stroke:
Hemorrhagic stroke occurs when a blood vessel in the brain ruptures and causes bleeding in the brain tissue. This can cause brain damage and result in various neurological symptoms. Common causes of hemorrhagic stroke include high blood pressure, aneurysms, and arteriovenous malformations (AVMs). High blood pressure can cause the blood vessels in the brain to weaken and rupture. Aneurysms are a bulging or ballooning of the blood vessel wall, which can rupture and cause bleeding. AVMs are abnormal connections between arteries and veins in the brain, which can rupture and cause bleeding.

3. Transient Ischemic Attack (TIA):
A transient ischemic attack (TIA) is a temporary blockage of blood flow to the brain, which can cause neurological symptoms that resolve within 24 hours. TIAs are often referred to as "mini-strokes" and can be a warning sign of an impending stroke. Common causes of TIA include atherosclerosis, cardio-embolism, and small vessel disease. 8

4. Cryptogenic Stroke:
Cryptogenic stroke is a type of stroke where the cause is unknown. This can occur in up to 30% of all strokes. The cause of cryptogenic stroke is often difficult to determine and may require extensive testing and evaluation. 9
Physiotherapy plays a crucial role in the rehabilitation of stroke patients. The aim of physiotherapy is to improve the patient's mobility, strength, and balance, as well as to prevent complications such as muscle contractures and pressure sores. The physiotherapy management of stroke patients typically involves three stages: acute care, rehabilitation, and community reintegration. 
In the acute care stage, the focus is on preventing complications and maintaining joint range of motion. Passive range of motion exercises, bed mobility exercises, and positioning are some of the techniques used in this stage. 
In the rehabilitation stage, the focus is on improving the patient's functional abilities. A variety of techniques can be used in this stage, such as:
1. Range of motion exercises: These exercises aim to improve the patient's joint range of motion. Techniques such as active-assisted range of motion, passive range of motion, and stretching can be used. 
2. Balance training: This involves exercises to improve the patient's balance, such as standing on one leg, weight shifting, and perturbation training. 
3. Bobath therapy: This involves using techniques such as handling, facilitation, and inhibition to improve the patient's movement patterns. 10
4.Neurodevelopmental treatment: This involves using techniques such as facilitation, inhibition, and positioning to improve the patient's movement patterns. 
5. Strengthening exercises: These exercises aim to improve the patient's muscle strength. Techniques such as resistance training, isometric exercises, and functional electrical stimulation can be used. 
6. Task-specific training: This involves practicing functional tasks that are important to the patient, such as dressing, grooming, and walking
7. Constraint-induced movement therapy: This involves restraining the unaffected limb to encourage the use of the affected limb. 
8. Mirror therapy: This involves using a mirror to create the illusion of movement in the affected limb. 
9. Virtual reality: This involves using virtual reality systems to provide an immersive and interactive environment for rehabilitation. 
10. Gait training: This involves training the patient to walk again. Techniques such as treadmill training, partial body weight support, and over ground training can be used. 

Range of motion (ROM)
Range of motion (ROM) exercises are important for stroke patients to maintain or improve their functional abilities. Here's how ROM exercises can help:
1. Improves joint mobility: ROM exercises can help improve joint mobility in stroke patients. This can help reduce the risk of contractures and improve the ability to perform ADL (24).
2. Enhances muscle strength: ROM exercises can also help enhance muscle strength in stroke patients. This can improve their ability to perform ADL such as standing up from a chair or climbing stairs (25).
3. Improves circulation: ROM exercises can help improve circulation in stroke patients. This can help reduce the risk of blood clots and improve overall cardiovascular health (26).
             
4. Reduces spasticity: ROM exercises can help reduce spasticity in stroke patients. This can improve their ability to perform ADL and reduce pain (27).
Research has shown that ROM exercises can be effective in improving joint mobility, muscle strength, circulation, and reducing spasticity in stroke patients. A randomized controlled trial found that a ROM exercise program was effective in improving shoulder range of motion in stroke patients (28). 



Another study found that ROM exercises combined with other interventions such as electrical stimulation were effective in reducing spasticity in stroke patients
Balance training
Balance training is an important component of stroke rehabilitation, as stroke patients often experience balance impairments that can affect their ability to perform activities of daily living and increase their risk of falls. Here are some guidelines for designing a balance training program for stroke patients:
1. Assess the patient's balance: The first step in designing a balance training program is to assess the patient's balance. This can be done using standardized balance tests such as the Berg Balance Scale or the Timed Up and Go test. The results of the assessment can be used to identify the patient's specific balance impairments and to set goals for the training program.
2. Choose appropriate exercises: The exercises chosen for the balance training program should be based on the patient's specific impairments and goals. Exercises may include static and dynamic balance exercises, weight shifting exercises, and gait training. The exercises should be challenging but not overwhelming, and should be progressed as the patient's abilities improve.
3. Incorporate feedback and cueing: Feedback and cueing can be used to help the patient improve their balance. Feedback can be provided verbally or using visual cues such as mirrors or video feedback. Cueing can be used to help the patient maintain proper alignment and weight distribution.
4. Consider the environment: The environment in which the balance training takes place can have an impact on the patient's ability to perform the exercises. The training should take place in a safe and supportive environment, with appropriate equipment and supervision as needed.
Balance training
Research has shown that balance training can be effective in improving balance and reducing the risk of falls in stroke patients. A systematic review of randomized controlled trials found that balance training was effective in improving balance and reducing the risk of falls in stroke patients (18). Another study found that a balance training program that included weight shifting exercises and gait training was effective in improving balance and gait speed in stroke patients (19).
Stranding exercise is a type of balance training that can be used to improve the ability of stroke patients to perform activities of daily living (ADL). Here's how stranding exercise can help:
1. Improves balance: Stranding exercise involves standing on one leg while reaching for an object or performing other tasks. This type of exercise can help improve balance and reduce the risk of falls in stroke patients (20).
                           
2. Increases strength: Stranding exercise can also help improve strength in the lower extremities. This can make it easier for stroke patients to perform ADL such as standing up from a chair or climbing stairs (21).
3. Enhances motor control: Stranding exercise can help improve motor control in stroke patients. This can improve their ability to perform ADL such as dressing, grooming, and feeding (22).
4. Improves gait: Stranding exercise can also help improve gait in stroke patients. This can make it easier for them to walk and perform other ADL (23).
Research has shown that stranding exercise can be effective in improving balance, strength, motor control, and gait in stroke patients. A randomized controlled trial found that a stranding exercise program was effective in improving balance and gait in stroke patients. Another study found that a stranding exercise program that included balance and strength training was effective in improving ADL performance in stroke patients.
Bobath therapy
Bobath therapy is a rehabilitation technique that can help stroke patients improve their motor function. The technique involves analyzing the patient's movement patterns and developing a treatment plan to improve motor function based on the patient's unique needs (42).

Research has shown that Bobath therapy can be effective in improving motor function in stroke patients. One study found that Bobath therapy was effective in improving upper limb function in stroke patients (43). Another study found that Bobath therapy was effective in improving walking ability in stroke patients (44).
Bobath therapy focuses on the principles of motor learning, such as repetition, task-specific practice, and feedback. By incorporating these principles into the treatment plan, stroke patients can improve their motor function and regain independence in their daily activities (45).
The conclusion of the chapter on Physiotherapy Management for stroke patients is that physiotherapy plays a crucial role in the rehabilitation of stroke patients. Through a combination of exercises, techniques, and equipment, physiotherapists can help stroke patients regain their independence and improve their quality of life. Specific techniques such as Bo-bath therapy can be effective in improving motor function in stroke patients. It is important for stroke patients to work closely with their physiotherapist to develop a treatment plan that meets their unique needs. With the right rehabilitation program, stroke patients can make significant progress in their recovery and achieve their goals.
Neurodevelopmental therapy (NDT)
Neurodevelopmental therapy (NDT) is a rehabilitation technique that can help stroke patients improve their motor function. The technique involves analyzing the patient's movement patterns and developing a treatment plan to improve motor function based on the patient's unique needs (38).
Research has shown that NDT can be effective in improving motor function in stroke patients. One study found that NDT was effective in improving upper limb function in stroke patients (39). Another study found that NDT was effective in improving walking ability in stroke patients (40).
NDT focuses on the principles of motor learning, such as repetition, task-specific practice, and feedback. By incorporating these principles into the treatment plan, stroke patients can improve their motor function and regain independence in their daily activities (41).
Task-specific training
Task-specific training is a physiotherapy technique that involves practicing functional tasks that are important to the patient. This technique has been shown to be effective in improving the patient's functional abilities and quality of life. 11
Task-specific training involves identifying the specific tasks that the patient is having difficulty with and designing a training program that focuses on those tasks. The training program should be tailored to the patient's individual needs and abilities. The patient should be encouraged to actively participate in the training program and to set goals for themselves. 
The training program should be progressive, with the difficulty of the tasks increasing as the patient's abilities improve. The patient should be provided with feedback on their performance and encouraged to reflect on their progress. 12
Task-specific training can be delivered in a variety of settings, including the hospital, the patient's home, and the community. The training can be delivered by a physiotherapist, an occupational therapist, or a trained caregiver. 13
There are several factors that should be considered when designing a task-specific training program, such as the patient's cognitive abilities, their motivation, and their social support. The training program should be designed to be challenging but not overwhelming. 
Research has shown that task-specific training can improve the patient's ability to perform the specific tasks that are targeted in the training program. It can also improve the patient's overall functional abilities and quality of life. 14
Constraint-induced therapy with trunk
When designing a training program for a stroke patient, it's important to consider the patient's level of impairment. The training program should be tailored to the patient's individual needs and abilities. Here are some guidelines for designing a training program for stroke patients at different levels of impairment:
1. Severe Impairment: Patients with severe impairments may have difficulty with basic activities of daily living (ADLs) such as feeding, grooming, and toileting. The training program should focus on these basic ADLs. The patient should be encouraged to actively participate in the training program and to set goals for themselves. The program should be delivered in a supportive environment with a focus on safety. 15
2. Moderate Impairment: Patients with moderate impairments may have difficulty with more complex ADLs such as dressing and bathing. The training program should focus on these more complex ADLs. The program should be designed to be challenging but not overwhelming. The patient should be provided with feedback on their performance and encouraged to reflect on their progress.
3. Mild Impairment: Patients with mild impairments may have difficulty with more complex functional tasks such as cooking and cleaning. The training program should focus on these functional tasks. The program should be designed to be progressive, with the difficulty of the tasks increasing as the patient's abilities improve. The patient should be encouraged to actively participate in the training program and to set goals for themselves. 16
Research has shown that task-specific training can be effective in improving the patient's functional abilities and quality of life, regardless of the level of impairment. Task-specific training involves practicing functional tasks that are important to the patient. The training program should be tailored to the patient's individual needs and abilities. 17
Mirror therapy
Mirror therapy is a rehabilitation technique that can help stroke patients improve their motor function. The technique involves using a mirror to create an illusion of movement in the affected limb. This illusion can help the brain rewire itself and improve motor function (35).
Research has shown that mirror therapy can be effective in improving motor function in stroke patients. A systematic review found that mirror therapy was effective in improving upper limb function in stroke patients (36). Another study found that mirror therapy was effective in improving hand function in stroke patients (37). Motor recovery and cortical reorganization after mirror therapy in chronic stroke patients: a phase II randomized controlled trial. Neurorehabilitation and neural repair.
Constraint-induced movement therapy (CIMT)
Constraint-induced movement therapy (CIMT) is a rehabilitation technique that can help stroke patients improve their motor function. The technique involves constraining the unaffected limb and using the affected limb in functional tasks. This can help the brain rewire itself and improve motor function.
Virtual reality (VR)
Virtual reality (VR) can be an effective tool to improve the function of stroke patients. Here's how VR can help:
1. Improves motor function: VR can help improve motor function in stroke patients. By engaging in virtual activities that require movement, stroke patients can improve their motor skills and coordination (29).
2. Increases motivation: VR can be a motivating tool for stroke patients. By making therapy more engaging and fun, VR can help increase patient motivation and adherence to treatment (30).
 
                 

3. Provides feedback: VR can provide real-time feedback to stroke patients, allowing them to adjust their movements and improve their performance (31).
4. Enhances cognitive function: VR can also enhance cognitive function in stroke patients. By engaging in virtual activities that require problem-solving and decision-making, stroke patients can improve their cognitive skills (32).
Research has shown that VR can be effective in improving motor function, motivation, feedback, and cognitive function in stroke patients. A systematic review found that VR-based therapies were effective in improving upper limb function in stroke patients (33). Another study found that VR therapy was effective in improving balance and gait in stroke patients (34).
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Figure 2. Bobath Concept Structural Framework (BCSF 2017).
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