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Abstract

:

Stroke is the fourth leading cause of mortality and is estimated to be one of the major reasons for long-lasting disability worldwide. There are limited studies that describe the application of physical therapy interventions to prevent disabilities in stroke survivors and promote recovery after a stroke. In this review, we have described a wide range of interventions based on impairments, activity limitations, and goals in recovery during different stages of a stroke. This article mainly focuses on stroke rehabilitation tactics, including those for sensory function impairments, motor learning programs, hemianopia and unilateral neglect, flexibility and joint integrity, strength training, hypertonicity, postural control, and gait training. We conclude that, aside from medicine, stroke rehabilitation must address specific functional limitations to allow for group activities and superior use of a hemiparetic extremity. Medical doctors are often surprised by the variety of physiotherapeutic techniques available; they are unfamiliar with the approaches of researchers such as Bobath, Coulter, and Brunnstrom, among others, as well as the scientific reasoning behind these techniques.
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1. Introduction


A cerebrovascular accident (CVA), also known as a stroke, is a focal neurological deficit that results from different vascular lesions that interrupt brain function. Stroke is the leading cause of mortality [1,2], and for many patients, represents a major cause of disability affecting widespread areas of function [3,4,5]. Stroke is divided into two categories based on pathophysiology, of which an ischemic stroke, also known as a cerebral infarction, results from the occlusion of a major cerebral artery due to thrombosis or embolus formation and is the most common type of stroke, affecting approximately 80% of patients who suffer from a stroke [6]. The other type of stroke is a cerebral hemorrhage, which occurs when blood vessels rupture causing blood leakage inside or outside the brain. Its etiology is based on the history of hypertension, aneurysm, anticoagulant therapy, trauma, or age. The incidence rate of this type of stroke is 15–20% [7]. The risk of stroke can be greatly decreased by making lifestyle changes. One can reduce his or her chances by controlling blood pressure, quitting smoking, eating a healthy diet, and exercising on a daily basis [8,9,10]. A stroke also has emotional and socioeconomic consequences for patients.



The United States reports more than 600,000 new cases of stroke every year, whereas the number of new cases per year is over 25,000 in Sweden [11]. A study was conducted on stroke patients in the Netherlands, and the incidence rate of stroke was estimated to rise from 1.8 per 1000 individuals in the year 2000 to 2.8 per 1000 individuals in 2020 [12]. Evers et al. indicated the proportion of healthcare expenditure associated with CVAs in six major states to be 3% on average [13]. Earlier studies claimed that in the United Kingdom, CVAs consume more than this percentage, with total direct health expenses for stroke sitting between 4 and 6% in the National Health Service [14]. According to one study, the number of stroke incidents per 1000 people ranged from 1.33 to 1.58 [15]. Annually, the victims of stroke spend approximately nine billion pounds on matters directly or indirectly related to their stroke [16]. A survey conducted in 2012 found that the rate of prenatal discharges with a stroke diagnosis was 34.2 per 100,000 births, with 2850 cases reported. Incidence, death, and disability related to a pregnancy-related stroke were higher than previously reported, particularly among African American women who had a higher risk [17]. In China, 7672 individuals were diagnosed with stroke prevalence (1596 per 100,000) and 1643 were diagnosed with stroke incidence (345 per 100,000) per year in a survey population of nearly 480,687 people [18].



The main objectives of rehabilitation treatment and physical therapy interventions following a stroke are to enhance the patient’s functional capabilities, foster self-reliance, and enhance their overall quality of life [19,20]. There are numerous types of interventions available that are customized to address the specific requirements of each patient [21,22,23]. Among these, physical therapy is one of the most prevalent types of rehabilitative treatment provided after a stroke. Physical therapists work with stroke patients to improve their strength, coordination, and balance, with the goal of helping them regain the ability to perform everyday activities such as walking, dressing, and bathing [24,25]. Therapy may include exercises, stretching, and range of motion activities, as well as training on mobility aids such as walkers or canes [26].



Occupational therapy is another important part of post-stroke rehabilitation. Occupational therapists work with stroke patients to help them regain the ability to perform activities of daily living (ADLs), such as cooking, cleaning, and personal grooming [27]. This may involve adapting the patient’s environment, such as installing grab bars in the bathroom, or using adaptive equipment, such as a specialized utensil for eating [28]. Speech therapy is also commonly used to help stroke patients recover their ability to communicate effectively [21]. Speech therapists work with patients to improve their speech and language skills, as well as to address any swallowing difficulties that may have arisen as a result of the stroke. Sire et al. highlighted the necessity of incorporating specific oral interventions into multidisciplinary rehabilitation programs for stroke survivors affected by buccal hemineglect [29].



Other rehabilitative treatments and physical therapy interventions for stroke patients may include music therapy, recreational therapy, and cognitive therapy [30,31,32]. The selection of interventions used will be based on the individual needs and capabilities of the patient. In a nutshell, post-stroke rehabilitative treatment and physical therapy interventions are essential for enhancing recovery and improving quality of life for stroke patients. A comprehensive approach that addresses the physical, occupational, and speech therapy needs of each patient can help maximize their functional abilities and promote independence [33]. The primary objective of this paper is to raise awareness of the crucial interventions and strategies involved in managing stroke patients during different stages of recovery, and to highlight the critical role that physical therapists play in helping patients regain function after a stroke. The review outlines several evidence-based physical therapy interventions that have been shown to produce significant improvements in various stages of CVAs.




2. Methodology


To ensure a comprehensive and relevant review, we established clear inclusion and exclusion criteria due to the large volume of literature on physical therapy interventions for stroke rehabilitation. Table 1 summarizes the criteria used to select studies focusing on impairment-based approaches and functional goals. The selection of articles was non-systematic and based on several factors. We included studies published in English, adhering to the PICO format, reporting statistical significance or effect sizes for the intervention, and published in journals indexed in Web of Science, ScienceDirect, Scopus, and/or PubMed. We also included articles reporting epidemiological features or stroke burdens at global, regional, or national levels, and focused on programs for post-stroke patients that promote physical activity, exercise, and functional rehabilitation. To identify recommendations, trials, systematic reviews, and meta-analyses, we used MeSH keywords such as ‘stroke’, ‘CVA’, ‘rehabilitation’, ‘post-stroke care’, ‘physical therapy’, ‘neurological injury’, ‘hemiplegic gait’, ‘postural control’, ‘unilateral neglect and hemianopia’, and ‘sensory function’. The review excluded studies that did not fulfill our criteria, including those with a risk of bias, lacking sufficient data on effect sizes or statistical significance, and single case studies or non-English publications. We did not use search criteria such as publication type or date and included studies evaluating the effects of physical therapy on human subjects who had experienced a stroke. Since all analyses were based on previously published studies, no ethical review or patient permission was required. Finally, Figure 1 shows the visualization of co-occurring keywords in PubMed, which is excessively reliant on visual elements. The analysis of 1233 papers was conducted using an open source VOSviewer software.




3. Framework for Rehabilitation


Developed countries make efforts to provide rehabilitation for stroke patients. Physical rehabilitation can reduce or prevent known complications in stroke patients while also improving their quality of life. Therapists choose interventions based on impairments, activity limitations, and goals of recovery. Exercises during rehabilitation concentrate on functional and psychological recovery to the maximum degree. A wide range of exercises may counteract deadly barriers that stop progress towards good health [34]. Interventions include three types, according to Susan B. O’Sullivan: (a) restorative, aimed at improving impairments, participation restrictions, and activity limitations; (b) preventive, aimed at minimizing potential complications and indirect impairments; and (c) compensatory, aimed at modifying the task and activity environment to improve function.



3.1. Acute Phase


After 72 h, low-intensity rehabilitation began in the ICU or stroke-specialized unit. Patients and attendants were guided through an overview of the recovery process, duration, plan of care, and expected impairments [35]. Research has confirmed that early, organized stroke unit care reduces mortality rates, hospital stays, impairments, etc. [35].



The interventions primarily concentrated on positioning, functional mobility training, ADLs training, ROMs, splinting, and bed mobility. Early mobilization after appropriate monitoring can help prevent the adverse consequences of bed rest and deconditioning, reduce mental deterioration, stress and anxiety, and improve the patient’s consciousness level. Furthermore, maladaptive movement patterns can be minimized through early mobilization.



Bernhardt et al. discussed recent trials focusing on early mobilization, aphasia, dysphagia, and upper limb treatment for stroke patients, with interventions beginning within seven days of stroke onset [36]. The study emphasized the importance of early rehabilitation trials as they have the potential to optimize recovery within the critical window for repair. However, the trials can be complex, especially when spanning acute and rehabilitation care settings. According to a pilot trial by Poletto et al. in a public hospital in Brazil, early mobilization within 24–48 h of stroke onset appears to be safe and feasible for acute ischemic stroke patients [37]. The intervention group was mobilized much earlier than the control group, who received standard care typically provided in Brazilian hospitals.




3.2. Sub-Acute Phase


After six months, patients who fell into this category were referred to inpatient rehabilitation or home rehabilitation. Interventions during this period included constraint-induced movement therapy [38], supportive walking that may also have been electromechanically assisted [39], and B/L training. The recommended time for exercise was six days a week for three hours per day [40]. If patients required less intensive services, they were transferred to the transitional care unit (TCU) where rehabilitation services were less intense, ranging from 60 to 90 min for five days per week [41]. The physiotherapist’s target was to improve locomotion, patient endurance, strength, and balance [42,43].



In a study by Brunner et al., the effectiveness of upper extremity virtual reality rehabilitation training (VR) was compared to time-matched conventional training (CT) in the subacute phase after a stroke [44]. Participants received up to 30 days of additional intervention, with a target of four to five training sessions per week lasting up to 60 min each. The study found that VR training was equally as effective as CT in improving upper extremity function during the subacute phase after a stroke. Additionally, VR was found to be a motivating supplement to standard rehabilitation.




3.3. Chronic Phase


Six months after their stroke, patients were provided with a home exercise program (HEP) and were informed about the importance of maintaining exercise intensity, preventing falls, changing positions, and promoting health. Community fitness programs are helpful and water-based exercises have been shown to improve function [45].



Ward et al. carried out research focusing on individuals who were in the chronic stage of a stroke [46]. The study discovered that a total of 90 h of physical therapy, spread out over the course of three weeks and consisting of five sessions per week, led to a decrease in upper limb motor impairment.



The study conducted by Daly et al. revealed that a physical therapy program consisting of 300 h of treatment, delivered over a period of 12 weeks with sessions taking place five days a week, led to a reduction in upper limb motor impairment among individuals in the chronic stage of stroke [47]. Notably, the type of therapy intervention did not appear to have an effect on the outcome, as all three interventions resulted in similar improvements.





4. Physical Therapy Interventions


4.1. Stages of Motor Recovery


Examination of muscle tone is necessary. Initially, flaccid paralysis is present and short-lived, lasting a few days or weeks, which is later replaced by spasticity or hypertonicity that may become severe. No single exercise can be effective in motor recovery, but multiple interventions are applied at the same time. Research has claimed that neurodevelopmental treatment, proprioceptive neuromuscular facilitation, functional training, and motor learning all have beneficial effects, and none are more effective in promoting recovery than others [45,48]. The three stages of motor recovery are presented in Table 2.




4.2. Strategies to Improve Motor Learning


Motor learning is an internal process of practice or experience leading to permanent changes in the capability to perform skilled behavior. Following a stroke that causes limited movement and disability, 80 to 90% of patients develop paresis, resulting in severe impairment, loss of ADLs, and compromised motor function [11]. Optimal motor learning can be promoted through attention to a number of factors, most importantly strategy development that includes active patient participation, mental practice, patient feedback, and practice for motor learning [49,50].




4.3. Interventions to Improve Sensory Function


Maximum use of the affected side is beneficial for improving function. Mirror therapy is an effective therapeutic intervention for the detection of five senses [51]. Sensory integration is the brain’s capability to assemble, clarify, and utilize sensational information. According to studies, approximately 50% of stroke patients have sensory impairment, specifically tactile and proprioceptive discriminations [52]. Examination of sensory function includes testing sensory integrity by determining the patient’s capability to elucidate and differentiate between incoming sensory figures. Sensory examination is based on specific boundaries of sensory involvement that are patterns in the skin area innervated by dorsal roots, named dermatomes.



Some effective interventions for improving sensory functions include repetitive sensory discrimination activities, electrical stimulation interventions, thermal stimulation interventions, bilateral simultaneous movements, compression techniques (such as weight bearing and pressure splints), intermittent pneumatic compression, mobilizations, and magnetic stimulations. There are limited studies that support the effectiveness of sensory functions to improve and regain sensory impairments [53,54]. Head turns and visual scanning play a major role in everyday life. When the goal is to achieve proprioception and improve cervical strength, laser point drills can help to improve hand–eye coordination, gaze stabilization, visual neglect, and balance.




4.4. Interventions to Improve Hemianopsia and Unilateral Neglect


These patients present a lack of awareness of the contralateral side. They are unaware of their disability. Training strategies that use the hemiparetic side are useful. Attendants are asked to position them and call them from the neglected side. Active visual scanning approaches, cueing the patient’s focus using verbal and visual objects, and active voluntary movements of the neglected limb are beneficial exercises [55].



Daily functional activities, such as pouring water, dusting a table, plucking a leaf, and holding a spoon, are encouraged. The therapist needs to maximize the patient’s attention by optimizing vision, speech, focus, and proprioceptive stimuli on the affected side. Reaching activities, PNF chop, lift patterns to improve power, and chocking, vibrating, tapping, or brushing limbs to maximize the patient’s attention [56].




4.5. Interventions to Improve Flexibility and Joint Integrity


Strategies for improving flexibility and joint integrity include active and passive ROMs, stretching exercises, soft tissue or joint mobilization, positioning strategies, arm cradling, tabletop polishing, and sitting and leaning forward overhead. Resting splints can also be used for spasticity [57]. In order to maintain soft tissue length, the patient should have learned about proper positioning and posture alignments. The use of orthosis can be helpful, e.g., a volar splint can be used for the forearm, or a neutral wrist splint, an extended wrist splint, and wrist and finger positioning. Likewise, for several common areas of contractures, orthosis can be used to gain range and prevent further impairment. For lower limb contractures, hip–knee ankle–foot orthoses (HKAFO), knee–ankle–foot orthoses (KAFO), ankle–foot orthoses (AFO), and foot orthoses (FO) can be used. Figure 2 depicts a KAFO for paraplegic patients with knee contractures.



Research claims that upper-limb robot-assisted therapy shows great improvements in kinematics and upper extremity motor function [58]. When combined with conventional physiotherapy, these devices increase patients’ recovery. A study used a robotic ankle–foot rehabilitation system and obtained significant improvements in post-stroke patients with ankle plantar flexor spasticity. Figure 3 shows the settings for robot-assisted therapy for lower limbs. Calafiore et al. conducted a review to examine the effectiveness of robot-assisted gait rehabilitation (RAGT) in enabling subacute stroke patients to undertake high-intensity gait training with less physical burden on rehabilitation professionals [59]. The authors concluded that early gait training is crucial for stroke survivors. However, there is currently a lack of randomized controlled trials (RCTs) investigating the efficacy of RAGT. The findings of this study suggest that RAGT, in combination with conventional therapy (CT), can effectively promote gait recovery in subacute stroke patients, although it is not superior to CT alone. To confirm the efficacy of RAGT in stroke survivors, further RCTs are warranted.




4.6. Interventions to Improve Strength


Following a stroke, the majority of patients exhibit muscle weakness and dexterity. Ada et al. claimed that strengthening exercises should be a part of rehabilitation after a stroke. Progressive resistance exercises, virtual learning, and muscle re-education all fall under the category of strengthening techniques that promote muscle strength in activities such as standing up, eating, reaching for objects, and grasping, etc., and have been found to have no harmful effects and do not involve inducing spasticity [61,62]. Modalities indicated to improve muscle power include hydrotherapy, aquatic exercises, elastic bands, free weights, PRE machines, etc. Muscle contraction can be aided after a neurological injury by quick, forceful taps to the center of the muscle belly, through cryotherapy, which acts as a noxious stimulus to promote muscle contraction, through vibration, and electrical stimulation with proper parameters is intended for motor response.



Strengthening exercises improve muscle performance by, among other things, restoring, improving, or maintaining muscle strength, power, and endurance; improving balance; improving quality of life; and facilitating tissue remodeling. Free weights, sandbags, a Swiss ball, and elastic resistance bands can be used for strength training. Figure 4 displays some positions for strength and balance training [63].




4.7. Interventions to Improve Hypertonicity


The loss of independent motions, such as hip flexion, knee extension, or movements at the elbow, including extension for reaching with wrist extension (movement out of synergy), are commonly believed to be treatable by therapies that reduce muscular tone [64]. Reaching movement impairment, such as raising the affected upper extremity to simultaneously extend the elbow, appears to be the result of poor motor control for isolating specific motions rather than spasticity. Functional impairment and muscle tone are not strongly correlated [65]. In fact, poor motor control is a common symptom as evidenced by paresis, diminished dexterity, and lethargy, as well as muscle tissue changes [66]. Early mobilization, combined with daily stretching, is essential for maintaining the length of spastic muscles. Intramuscular injections of botulinum toxin paralyze the targeted muscles to varying degrees, depending on the dose, and can be used to relieve pain in the upper and lower limbs brought on by spasticity. They are useful for localized, short-term spasticity therapy and need to be repeated every three to four months. One to four weeks after injection, the therapeutic impact reaches its peak [67]. Patients with plantar flexion and inversion that restrict heel strike and stance may benefit from botulinum toxin injections into the toe plantar flexors and tibialis posterior.



Baricich et al. conducted a review of the safety profile of high-dose botulinum toxin type A (BoNT-A) in the treatment of post-stroke spasticity (PSS) [68]. The review revealed that a considerable proportion of patients suffering from PSS could benefit from doses exceeding the limits allowed by current directives in the studied countries. The authors also found that high doses of BoNT-A effectively reduced spasticity, with rare incidence of adverse effects. Therefore, it can be considered a safe and effective treatment option for selected patients with multifocal or generalized PSS, potentially leading to improved functional outcomes.



Other intervention strategies that can be used to improve hypertonicity include rhythmic rotations, which incorporate light rotations of the limb while gradually stretching the limb into its lengthening range. Sustained stretching inhibits autogenic inhibition and METs to achieve full range, which include treatment by proprioceptive neuromuscular facilitation and are very comprehensive in that they aim to gain the maximum quantity of movement that can be achieved at each voluntary elongation [69]. Intramuscular botulinum toxin injections have been shown to be very effective in reducing spasticity [70].




4.8. Interventions to Improve Postural Control and Balance


The force of gravity acts continuously upon the human body, and, if unopposed, the latter will fall to the ground. The center of gravity (COG) of any rigid body is the point through which the line of action of weight acts. A rigid body will balance only when it is supported at its COG. The COG of the human body varies with posture changes. A stroke results in significant changes in posture and balance control. The patient learns how far in any one direction he can safely move and align the center of mass (COM) within the base of support (BOS) to maintain upright stability. A physiotherapist encourages consistency, symmetry, and maximum use of the more affected side. The therapist must manipulate both the base of support and the surface of support. Sensory inputs, upper extremity position, UE movements, LE movements, trunk movements, walking activities are all helpful. Interventions include sit-to-stand transfers, unsupported sitting with extended hemiparetic knee, standing balance, and strength training, for which progressive resistance and isokinetic equipment can be indicated. Positioning and the use of a guarding belt are important considerations before walking. A guarding belt serves several important functions, including preventing potential loss of balance, improving patient safety, and easing liability. PNF is also an effective therapy option for chronic stroke rehabilitation that might improve gait speed and balance. Proprioceptive neuromuscular facilitation (PNF) is a therapy method that improves motor output by using cutaneous, proprioceptive, and auditory input. It can be extremely helpful in recovery from a variety of ailments [71].



The therapist guides the patient into standing in an upright position, feet in a symmetrical stance phase, with equal weight on both lower extremities during initial postural control and balance activities. The patient may change the position, but the BOS should not be altered. A standing board for posture control is presented in Figure 5. The practice of walking upright using an assistive device such as a walker or parallel bars, etc., can be used to promote upright alignment and reduce upper extremity support. The practice of heel-toe contact, high-stepping, marching in place, single and double limb support, and diagonal weight shifts is also helpful.



Task-oriented reaching and manipulation after a CVA can improve postural control, stability, balance, and walking [72]. Post-CVA patients may face difficulty regaining control of scapular upward rotation and protraction and extensor movements at the upper extremities, which are essential for forward reaching and manipulation. This needs visual perceptual information [73]. Patients with limited voluntary control can tackle this with support. The patient is encouraged to move his hand forward, backward, and side to side on the tabletop. A cloth can be used for convenience. They should reach forward and downward, touching the ground. A D1 thrust pattern can be combined with low thrust as the limb moves into a flexion synergy pattern. Other activities can be practiced, including modified plantigrade standing, reaching up to a shelf to carry an object, using utensils, eating with the affected hand, clipping papers, grasping hands, etc.



The SPIDER program has been known to enhance the mobility and independence of patients with neurological disorders through exercises using the SPIDER cage [74]. The program strengthens muscles, improves coordination, aids in verticalization, and enhances body balance. The cage supports patients in wheelchairs and enables independent standing (Figure 6). The SPIDER system uses elastic cords attached to a carrying belt fixed to patient’s waist to generate force. Force depends on the expander type and the attachment height of the cage.




4.9. Gait Training


The focus of physical therapy following a CVA is to reestablish routine tasks and regain body movement in order to become more independent in daily living. In addition to physical exercises, physical therapists may use convenient modalities for walk training and other beneficial appliances, such as treadmills, to help improve handicapped gait. In addition, consultation and guidance are provided to the patient, attendants, and family members of the victim regarding the anticipation of hurdles such as falls and shoulder pain [75].



Stroke-related impairments and disabilities influence the chance of regaining the ability to walk 150 feet (45 m) without any physical assistance [76]. Following a stroke, community ambulation is a significant finding. Researchers claim that six weeks of gait training can restore patients’ function in the case of an acute stroke by 80%, and that 11 weeks of training can increase this number to 95%. By 12 weeks, 34% of patients had walked 150 feet [77]. A study of 147 stroke survivors examined their walking ability, stride characteristics, upright motor control, and proprioception, and the researchers claimed a significance difference of <0.05. They discovered patients with a one-sided motor defect who walked at 25 cm/s had attempted household ambulation. For those practicing at 80 cm/s, they were likely to achieve community ambulation without any barriers [78].



Hemiplegic gait often consists of legs swinging out in a circumduction pattern, a stiff knee gait, and tibial external rotation during mid-swing, absence of toe load, knee hyperextension, C/L trunk leaning, etc. Task-specific overground locomotor training and treadmill training interventions are described in this section.



The task-specific overground locomotor training primarily focuses on practicing various types of activities and improving walking for motor-impaired stroke patients seeking to gain walking endurance [79]. The patient should practice functional, virtual, cognitive, and task-specific skills, including walking forward and backward out of synergic patterns and in a scissor state, side walking, crossed stepping, step-up and step-down activities, step-over-step (as in stair climbing), walking in doorways, dual-task activities (such as walking while holding an object or carrying on a conversation, etc.), and balance activities, such as walking in a line, etc. Initial walking will be slow; later, the patient is encouraged to improve rhythm and speed [80,81]. Electromyographic biofeedback (Figure 7) is a technique shown to improve motor function in post-stroke patients. Victims can change their motor unit activity based on augmented audio and visual feedback. Reported benefits have been shown when used as an adjunct to task-specific training [82].



According to Bui et al., combining VR with conventional rehabilitation approaches may be highly effective [83]. VR systems not only provide engaging and motivating activities for patients, but also offer virtual environments that closely resemble the real world. Additionally, VR technology provides distinct features, such as movement tracking, and integration of key principles of neurorehabilitation, such as reinforced feedback. These advantages can be utilized by clinicians to improve rehabilitation treatments and tailor care for individual patients, both in hospitals and in their homes. Future research is necessary to fully optimize the potential of VR as a therapy tool and ensure its effective use.



Studies claim that if conventional physical therapy is started after six to eight months following a stroke, it leads to remarkable walking skills, independence, and improved gait. Interventions may or may not include treadmill training and moderate-intensity exercises [84,85]. Research shows that utilizing an approach based on proprioceptive training or maintaining knee flexion during exercise results in the most appropriate treatment approach for decreasing knee hyperextension movement during the stance phase in sub-acute stroke survivors. Knee hyperextension is not dangerous, but it can cause impaired walking speed, gait asymmetry, increased energy expenditure, and knee pain. There are multiple factors that can cause knee hyperextension following a neurological injury that involve weakness of the gastrocnemius or hamstrings, rigid plantar flexors, or proprioceptive issues at the ankle, knee, or hip. Treatment should not focus on fixing the knee but rather propose some strategies that help improve the recruitment of the posterior chain to encourage the patient’s proprioception and stabilization of the knee during the stance phase. Some of the exercises used to improve knee hyperextension in neurological injuries include stepping through the decline edge focusing on knee flexion, controlled terminal knee extension, resistance drills, heel raising, heel raising with bent knees, controlled marches, heel lifts, etc.



Physical therapy combined with a treadmill walk expedites recovery. Macko RF et al. claimed that 40-min treadmill training sessions for six months enhance peak fitness and functional mobility in CVA survivors [85]. A randomized trial concluded that three weeks of treadmill training combined with four months of physiotherapy improved gait ability in hemiparetic patients [81]. Treadmill walk training with speed compared to a slow walk is much more effective [86]. The PT should prevent inactivity, keep the patient from moving or falling, and maintain physical capacity during a treadmill walk. Balance training should be undertaken in the early phases with visual cues and maximum repetitions. A straight walk on the treadmill, side-to-side training, or zigzag training are examples of routine strategies [87,88]. A user-driven treadmill is an algorithm that specifies the patient’s velocity in actual time. In post-stroke patients, EMS is used in conjunction with UDTM to improve forward fall during a walk following instability, as well as to change positions and increase speed after a short duration [88,89,90].



A randomized pilot study was conducted in 2001 [86] to determine the effects of treadmill speed in post-stroke walking rehabilitation. After a three-month follow-up, they observed that training at fast speeds was more effective at improving speed than training at low or variable speeds [88,91].



The basis of recent research has been the recording of movement related to electromyography from several lower extremity muscles. Though the effects of varying intensity in movement and muscle activation are huge, the abnormal control of gait can be connected to one of three categories of disturbances. These are characterized by (1) over emphasized stretching that results in interrupting otherwise well-maintained gait control, (2) abolishment of centrally generated, well-preserved muscle activation with organized patterns, or (3) abnormal interdependence of several muscle groups [92,93]. Walking after a stroke can also benefit from electromechanical robot-assisted gait training [94]. Figure 8 shows a session of robot-assisted gait training.



This also improves postural balance reactions and results in increased muscular strength and decreased falls due to increased strength of the quadriceps and tibialis muscles, which aid in the swing phase. Walking is a primary function of the brain and spinal cord. Thus, patients that suffered a cortical stroke may be able to regain the ability to walk. The clinician trains the patients with task orientation to regain corrective walking after a CVA. As muscle weakness and reduced balance impair the gait, initial manual assistance is needed to improve walking. An overhead harness is used by trainers to support the patient’s bodyweight, stabilize an upright posture in the case of bad posture, and prevent fear of falling. After improvement is seen with the use of a harness, it is replaced by full weight-bearing treadmill walking. The treadmill speed is gradually increased with the patient’s improvement [95,96,97]. Figure 9 shows bodyweight-supported treadmill training. Table 3 summarizes different interventions in post-stroke management.





5. Discussion


Stroke is among the top causes of mortality and disability, with significant impact on individuals and society [99]. Loss of functional movement, which is one of the most frequent complications of a stroke, can have a significant impact on daily life as motor function is crucial for everyday activities. In fact, over 70% of stroke survivors experience difficulties with movement or other neurological functions [100]. Physical therapy interventions have been shown to improve motor function, reduce disability, increase physical activity and fitness levels, and improve quality of life for stroke patients. In addition, physical therapy has been associated with structural brain remodeling, which may contribute to improved motor function following stroke. Therefore, physical therapy is an essential component of stroke management and recovery [101].



Repetitive practice of various everyday tasks leads to moderate improvements in mobility and ADLs in stroke patients, according to a systematic study [3]. As discussed earlier, therapists select therapies based on patient impairments, activity restrictions, and rehabilitation objectives. The exercises used in rehabilitation place the utmost emphasis on functional and psychological recovery. Stroke rehabilitation is a proactive process that begins in the acute hospital setting, progresses to a structured program of rehabilitation services, and continues after the patient is discharged back into society [102]. Low-intensity rehabilitation typically begins in the ICU or stroke-specific unit within 72 h of stroke onset. Patients and their caregivers are provided with an overview of the recovery process, including its duration, care plan, and anticipated limitations, and are guided by their healthcare team. In a 2002 study on rehabilitation strategies for acute stroke, 64 recently hospitalized stroke patients were randomly assigned to one of three intervention groups (standard care, functional task practice, and strength training) for inpatient rehabilitation. The results of the study showed that important considerations for upper extremity rehabilitation after acute stroke include task specificity and stroke severity. Functional outcomes were significantly improved by 20 h of upper extremity-specific treatment over the course of four to six weeks. While both functional task practice and resistance strength training had immediate benefits, the former was found to be more advantageous in the long run [103].



During the acute phase of stroke rehabilitation, early mobilization, positioning, functional mobility training, ADLs training, ROMs, splinting, and bed mobility are important interventions. Mirror therapy is a technique that has been found to have positive effects on not only motor deficits, but also emotional well-being, visuospatial neglect, and discomfort following a stroke [102]. In the sub-acute phase, the physiotherapist’s target is to improve locomotion, patient endurance, strength, and balance. According to earlier studies, aerobic exercise may still be beneficial to stroke victims after the sub-acute stage [104]. Researches explore that early overground bodyweight-support training is beneficial in the sub-acute phase [105]. Regarding the chronic stage, task-specific treatment may offer long-lasting improvements for a variety of motor deficits and impairments [106].



Further studies have shown improvement in patients following a CVA using strategies such as PNF-based physical therapy [71] and robot-assisted physical therapy [107]. Community fitness programs are helpful and water-based exercises have been shown to improve function. Regarding impairments in post-CVA patients, in this paper we have reviewed interventions to improve motor impairments that might include fitness training, high-intensity therapy, and repetitive task training. The well-accepted concepts of task-specific and context-specific training in motor learning imply that instruction should concentrate on objectives pertinent to patient requirements [108]. CIMT for upper limb impairment and motor function, robot-assisted training for upper limb function, long-distance walking cardio–respiratory training [3], bilateral training for motor function of arms [109], mirror therapy for upper and lower limbs, Bobath, and early mobilization for mobility [110] are some evidence-based rehabilitation treatments for motor recovery following a stroke. While there is no one activity that can effectively aid in motor rehabilitation, many therapies can be used concurrently.



Recent investigations have shown that sensory impairment is a common complication of stroke [111]. We reviewed the interventions for sensory dysfunction that include, but are not limited to, formal screening for visual problems [112], practical adaptations, repetitive sensory discrimination activities, sensory stimulators, mirror therapy, heat stimulation, and intermittent pneumatic compression, which might enhance upper limb sensations [51]. After a stroke, homonymous hemianopia (HH) is a primary cause of morbidity [113]. Patients frequently go through phase of impaired motor function and spasticity in their upper extremities after a stroke. Various studies reflect on physical treatment regarding spasticity, and we reviewed some strategies such as myofascial release [57]. Few studies have reported on the impacts of spasticity and range of motion.



A recent study examined 30 patients categorized into two groups: an interval group and linear group. Both groups conducted their corresponding interventions for four weeks. Cycling, combined with functional electrical stimulation, enhanced functional mobility and speed. The effects of this intervention persisted in a follow-up examination one month later [42]. To stop muscle atrophy, FES may also be beneficial in increasing muscular mass and strength [114]. In addition to restoring, enhancing, or maintaining muscle strength, power, and endurance, strengthening activities can enhance balance, quality of life, and tissue remodeling. Strength training equipment includes free weights, sandbags, Swiss balls, and elastic resistance bands. When analyzing gait, ankle dorsiflexors, hip flexors, and hip extensors have been identified as the major muscles responsible for forward gait in healthy persons. A comprehensive review of the connection between walking speed and lower extremity muscular strength in stroke survivors was undertaken by Mentiplay et al. [115]. Their findings showed that ankle dorsiflexors showed a substantial link with walking speed, whereas knee extensors contributing to forward walking exhibited a rather low association with walking speed. However, it is well recognized that the knee flexor is essential for maintaining postural stability and performing functional tasks, such as sitting and standing [116]. Evidence-based task-specific overground locomotor training and treadmill training interventions were reviewed and discussed in detail above (Section 4). We discussed human–robot interaction when considering rehabilitative robotics, specifically with exoskeletons [117,118]. Further research is needed to develop clear protocols and objective measures for clinical application of exoskeletons. Studies should also focus on optimizing parameters for neurological recovery within the clinical environment.



Finally, this study highlighted the importance of physical therapy interventions in stroke management and recovery, and reviewed various rehabilitation strategies for acute, sub-acute, and chronic stages of stroke recovery. The paper emphasized the need for task-specific treatment and context-specific training in motor learning and discussed evidence-based rehabilitation treatments for motor recovery following a stroke. While the study was comprehensive in its coverage of various interventions used in stroke rehabilitation, it did not discuss the limitations of the interventions reviewed or critically analyze the quality of evidence supporting them. Thus, future studies should examine the limitations and quality of evidence supporting these interventions to guide best practices in stroke rehabilitation. Additionally, caution must be exercised in the application of interventions based on limited pilot studies or underdeveloped techniques in clinical settings. Further research is necessary to explore the effectiveness and safety of these interventions, particularly in large-scale trials involving diverse patient populations. In particular, the development and implementation of pilot studies should be prioritized to further explore the potential benefits and limitations of these interventions.




6. Conclusions


Stroke convalescence is normally firmly fixed in the early weeks and months after the attack. Stroke rehabilitation must proceed to specify serious functional limitations, such as walking velocity, and intervals that allow group activities and superior use of a hemiparetic extremity. A vastly expanding understanding of the molecules and cellular study or physiology of neuroplasticity in the course of motor-skills learning has played a significant role in new stroke rehabilitation designs. Therapists and scientists can now design and test therapies that operate cerebral modifications to overcome impairments, disabilities, functional limitations, and handicaps. Radiology has made exciting contributions, such as functional MRI, transcranial magnetic stimulation, and further physiological windows on brain function that provide direction about whether pertinent networks are engaged and manipulated over the time that a medical, pharmacological, or biological strategy is in operation. This figure may one day help customize rehabilitation proposals and reduce the need for large clinical trials. Medical doctors are frequently surprised by the variety of physiotherapeutic techniques available, as they are unfamiliar with the approaches of researchers such as Bobath, Coulter, Brunnstrom, Fay, Clayton, Kabat, Knott, Voss, and Rood, and are unaware of the research and logic underlying these techniques. Upon analysis, the results drawn by these sometimes-competing schools of thought are short on scientific background and history, and evidence-based information that specifies optimal physiotherapy is limited. For the purpose of this communication, physiotherapy is defined as any physical treatment, including therapeutic exercise. This review is limited only to the indication of physical therapy interventions in stroke rehab; no limitations or contraindications to therapy have been described in detail. Further studies are recommended to evaluate procedures or strategies.
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Figure 1. The visualization of co-occurring keywords in PubMed. The size of the nodes is determined by the number of articles published, while the spot colors represent the mean published time. If a keyword is depicted in a blue hue, it means that it was published earlier on average. Conversely, if it is represented in red, it implies that the keyword is relatively new. 
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Figure 2. KAFO for paraplegic patients with knee contractures. 
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Figure 3. Robot-assisted therapy for lower limbs [60]. It comprises of a sliding platform, an adjustable seat, a robotic footplate, a leg support, an actuator, a control cabinet, emergency switches, and a human–machine interface (HMI). The red arrow shows the active movement of the ankle joint, while the blue arrows indicate the passive adjustable degrees of freedom. Image reused under the Creative Commons attribution license. 
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Figure 4. Strength and balance training using a Swiss ball. Pictures were taken with consent of a person. 
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Figure 5. Standing board for posture control. Pictures were taken with consent of a person. 
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Figure 6. The SPIDER net equipment, part of the SPIDER program (strengthening program of intensive developmental exercises and activities for reaching maximal potential), utilizes reference planes and expander forces in standard anatomical positions [74]. Image is obtained from and reused under the Creative Commons attribution license. 
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Figure 7. Electromyographic biofeedback [82]. Image reused under the Creative Commons attribution license. 
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Figure 8. Setup of robot-assisted gait training [94]. Image reused under the Creative Commons attribution license. 
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Figure 9. Bodyweight-supported treadmill training [98]. Image reused under the Creative Commons attribution license. 
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Table 1. Selection criteria for studies on physical therapy interventions for stroke rehabilitation targeting impairment-based approaches and functional goals.
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	Inclusion Criteria
	Exclusion Criteria





	Randomized controlled trials, systematic reviews and meta-analyses, experimental studies.
	Single case studies, books, theses, editorial letters, conference abstracts.



	Publications in English.
	Studies published in any other language.



	Fulfil on the PICO format.
	Not agreeing with the PICO format.



	Papers published in journal index of Web of Science, Scopus, and PubMed.
	Studies having a risk of bias, as assessed by tools such as the Cochrane risk of BIAS tool.



	Articles reporting epidemiological features or stroke burdens at global, regional, or national levels were also included.
	Those studies not focusing on impairment-based approaches or functional goals.



	Study reports statistical significance or effect sizes for the intervention.
	Study did not include stroke survivors who had gone through rehabilitation phases.



	The study reports statistical significance or effect sizes for the intervention.
	Study did not report enough data to calculate effect sizes or statistical significance.
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Table 2. Stages of motor recovery.
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	Cognitive Stage
	Associative Stage
	Automatic Stage





	In this stage of motor learning, the therapist helps the patient learn a piece of work.
	In this stage, the therapist assists the patient in task performance.
	In this stage, the patient is skilled and can perform tasks.



	Decision making is based on “What to do?”
	Decision making is based on “How to do a task?”
	Decision making is based on “How to succeed?”



	Learner constructs a motor program.
	Patient performs and corrects errors; self-evaluation is promoted.
	Complex and challenging tasks are performed to gain retention.



	Examine the task’s demands and his ability to complete it.
	Continuity proven when error become consistent.
	Select appropriate feedback.



	Identify the elements and recall the memory.
	Emphasize the proprioception “feel of movement”.
	Organize practice, self-evaluation and correction, gain retention.



	The patient then begins practicing the task, identifying and resolving problems.
	Assist the learner with self-evaluation and decision-making skills.
	Focus on the competitive aspect of the skills.
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Table 3. Interventions in post-stroke management.
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	Impairments
	Physical Therapy Interventions





	Postural control
	PNF, parallel bars, wedge board, rocking board, marching in place, diagonal weight shifts.



	Gait training
	Treadmill training, task-specific overground locomotor training, bodyweight-supported treadmill training.



	Sensory loss
	Mirror therapy, sensory discrimination activities, electrical simulation, thermal simulation, B/L simultaneous movement, compression techniques, laser-point drills.



	U/L neglect
	Active visual scanning approaches, daily functional activities, focus cueing, optimize vision, PNF, active voluntary movements, speech, proprioceptive stimuli, tapping, vibrating, brushing.



	Flexibility, joint integrity
	Active and passive ROMs, stretching exercises, soft tissue mobilizations, positioning strategies, resting splints, robot-assisted therapy, conventional physiotherapy.



	Muscle weakness
	Strengthening, progressive resistance exercises, hydrotherapy, aquatic exercises, elastic bands, free weights, Swiss ball.



	Hyper tonicity
	Sustained stretching, rhythmic rotations, METs, PNF.
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