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Abstract:

The field of rehabilitation robotics seeks to enhance the efficacy of therapeutic interventions for
disabilities from neurological to muscular conditions. A range of robotic therapeutic systems has
been created and studied for this purpose. This paper aims to summarize future developments in
the field, emphasizing rehabilitation strategies for post-stroke upper limb motor control, their
clinical efficacy, and data analysis methods. The conversation will also encompass novel ideas
that have not yet been conceived or implemented, including a more profound integration of virtual
reality. Speech therapy has been used for a long time in rehab centers to help people who have had
a stroke regain their language skills
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Introduction

Stroke, the third leading cause of death in the US following heart disease and cancer, is defined by
an abrupt, localized neurological deficit resulting from a cerebrovascular anomaly. Annually, the
United States experiences around 600,000 new strokes and 180,000 recurrent strokes; in 1999, 1.1
million individuals reported varying degrees of functional disability due to stroke. Approximately
50% to 70% of stroke survivors regain their independence, whereas 15% to 30% remain
permanently incapacitated. Thirty percent of stroke survivors require aid with ambulation six
months post-stroke, and twenty-five percent necessitate support with activities of daily living
(ADLs). Effective rehabilitation will have substantial public health implications in the next
decades due to the risk of age-related strokes and the increasing elderly population in the United
States. The specific difficulties encountered post-stroke depend on the affected area of the brain.
Common conditions that may impose significant restrictions include aphasia, dysarthria,
dysphagia, neglect, pain, cognitive deficits, sensory loss, and depression. This review primarily
focuses on motor weakness, as it is often the most apparent defect to both the patient and external
observers. Hemiparesis, the most prevalent type of weakness, manifests as simultaneous weakness
in an arm and a leg on the same side, constituting 60% of cases. The extent of motor weakness is
a significant predictor of the severity of functional deficits.
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Rehabilitation medicine is a branch of medicine that addresses and regulates function, commonly
referred to as "performance.” Neurology and neurosurgery diagnose and manage acute strokes,
whereas rehabilitation professionals address functional residual deficits in speech, self-care, and
mobility. Medical teams, comprising physiatrists, neurologists, nurses, physical and occupational
therapists, speech-language pathologists, social workers, and others, oversee stroke rehabilitation.
The rehabilitation team utilizes several Strategies to improve functionality post-stroke,
encompassing bracing, environmental modifications at home and work, strengthening of both
weakened and undamaged limbs, and prevention of further impairment. Post-stroke, it is essential
to distinguish between functional and motor recovery. Enhancements in the strength, speed, or
accuracy of arm and leg movements are termed motor recovery. Both methods for spontaneous
recovery and rehabilitation have these advantages. Enhancement in performance, including self-
care or ambulation, is termed functional recovery. The nature, intensity, and resolution of motor
impairments, the patient's ability to acquire and implement new skills, such as utilizing intact
extremities for compensation, and the attributes of the rehabilitation therapy provided (including
its type, timing, volume, frequency, etc.) all contribute to functional recovery, notwithstanding its
intricacy. Motor recovery can be likened to "improving," whereas functional recovery is analogous
to "performing better.” The extent to which rehabilitation should prioritize compensation versus
recovery is a contentious issue.

Mechanisms of Motor Recovery Following Stroke

A multifaceted process is also implicated in motor rehabilitation. Natural healing depends on
diminishing local edema, restoring blood flow to the ischemic penumbra, and alleviating
diaschisis, which refers to areas of metabolically depressed brain tissue distant from the infarction,
within hours to weeks following a stroke. Natural healing is a passive process; the patient exerts
no effort nor acquires knowledge. Intravenous and intraarterial thrombolysis, recently examined
in this issue, seeks to diminish infarction and reinstate the viability of the ischemic penumbra,
thereby greatly aiding recovery. The genuine reorganization of impaired cerebral tissue in and
surrounding the affected areas may potentially facilitate motor recovery. This treatment is more
invasive and requires significantly more time. The revelation of dormant neural networks and the
augmentation of both the absolute quantity and density of synapses on dendrites are likely
associated with the fundamental mechanisms of late brain reorganization. Long-term motor
rehabilitation may significantly benefit from preserving the secondary motor cortex. The motor
cortex may alter the relative control of a certain body part due to this "rewiring". Furthermore, it
appears to be a distinctive outcome of the patient's experience. The primary challenge in stroke
therapy is determining the optimal type, characteristics, intensity, and timing of the intervention.

Recovery from Stroke: Current Concepts and Future Perspectives
In high-income countries, stroke is the predominant cause of acute hospitalization in neurology
departments. The incidence and prevalence of stroke are significantly affected by aging, similar to

other vascular diseases. The US National Centre of Health Statistics, the UK Stroke Association,
and the German Medical Chamber report that the average age of stroke patients in Europe and the
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United States ranges from 70 to 75 years. As to the Australian Stroke Foundation and the CDC's
stroke data, those aged over 65 constitute approximately two-thirds of all stroke patients. Recent
findings from the Global Burden of Disease (GBD) study group indicate that with advancing age,
strokes increasingly contribute to years of life lost due to mortality or morbidity. Improvements in
cardiovascular disease prevention, advancements in acute stroke care through specialized facilities
(e.g., stroke units), and the emergence of recanalizing therapies like thrombolysis and
thrombectomy have led to a substantial decline in age-standardized mortality and stroke
prevalence rates over the past thirty years. Nonetheless, due to increased life expectancies and
population growth in most countries, the absolute figures of stroke fatalities and Disability-
Adjusted Life Years (DALY) continue to rise. These figures are anticipated to increase
significantly during the next 30 years. Furthermore, population figures indicate that by 2050, one
in three stroke patients would be 85 years of age or older. Consequently, to raise stroke outcomes
overall, there will be a heightened requirement for improved neurorehabilitation and augmented
capacity in stroke care, especially for senior and very elderly patients.

A limited fraction of patients qualify for thrombolysis and thrombectomy, notwithstanding their
efficacy in reducing stroke-related morbidity and mortality. In comparison to statistics from larger
regional registries encompassing tens of thousands of patients, the thrombolysis rate for individual
institutions may be as high as 34% of patients. For example, as per the Medical Chamber.

In 2018, around 14.5% of stroke patients in the Northrhine region of Germany received
thrombolysis, according to the 2018 Quality Report. In 2018, approximately 5% of patients
underwent thrombectomy as a treatment. Moreover, following thrombolysis or thrombectomy, the
majority of patients (> 50%) continue to experience significant neurological impairment, albeit
less severe than it would have been in the absence of treatment. Consequently, it is imperative to
develop innovative therapies that facilitate rehabilitation. No developments comparable to those
employed in the treatment of acute strokes have emerged thus far. This is because we comprehend
the etiology of a stroke (either a blood clot in an artery or its rupture) significantly better than we
grasp the mechanisms behind the restoration of function. Thus, understanding the fundamental
(patho-) physiological mechanisms is essential to facilitate recovery. ¥

Recovery from stroke

Post-stroke, numerous stages frequently ensue. The Stroke Roundtable Consortium delineates the
acute phase as lasting 24 hours, the hyperacute phase as spanning the first 7 days, the early
subacute phase as extending for 3 months, the late subacute phase for months 4 to 6, and the
chronic phase as commencing at month 6 and continuing beyond. This difference is made because
post-stroke healing mechanisms are time-dependent. A series of plasticity-promoting mechanisms
induces dendritic growth, axonal branching, and the formation of new synapses within hours of
the onset of cerebral ischemia. The most significant enhancements occur within the initial weeks
following a stroke, with further recovery, especially regarding motor symptoms, typically reaching
a relative plateau after around three months.
Typically, spontaneous repair culminates after six months, leading to a persistent or chronic
disability. Nonetheless, enhancements in certain stroke-related deficits might occur during the
chronic phase through training or alternative therapies, particularly in advanced cognitive domains
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such as language. A distinct categorization of post-stroke stages facilitates the comparison of
diverse research findings; nonetheless, it poses the risk of perceiving functional recovery as a finite
sequence of phases rather than a continuous, non-linear process. Although both are classified
within the early subacute phase, it appears extremely likely that recovery-related processes 10 days
post-stroke differ significantly from those 80 days post-stroke. The question of whether same
processes govern recovery for a certain phase is prompted by the significant variability in recovery
profiles among individuals, with some patients exhibiting superior and more rapid healing than
others. Consequently, presenting definitive metrics regarding the duration from stroke onset, such
as weeks, alongside additional details about the degree of impairment and the stroke's location,
appears to be more appropriate for recognizing the intricate, nonlinear characteristics of stroke
recovery than employing terms like "subacute” or "chronic,” which are often implicitly utilized to
suggest a specific potential for improvement.

Patients exhibiting moderate impairments tend to experience better recovery outcomes post-stroke
compared to those with initially severe deficits, as a general principle. The 'proportional recovery
rule' posits that patients generally recover approximately 70% (+/- 15%) of their impaired function
within 3-6 months post-stroke, where the lost function is quantified as the theoretical gap between
normal function (e.g., a perfect score in a motor assessment) and the patient's initial deficit. The
proportionate recovery rule is an intriguing concept that associates functional recovery with a
fundamental neurobiological mechanism, independent of the intensity of treatment received by the
patient.

Recently, it has been criticism for being unduly affected by mathematical coupling and ceiling
effects, leading to an overestimation of proportional recovery relationships. A significant portion
of patients, termed "non-fitters," appears to diverge from the proportional recovery principle.
Patients exhibit a range of recovery outcomes, from minimal to substantial, particularly those with
initially severe impairments, deviating from the proportional recovery principle. Contemporary
recovery ideas are undermined by the observation that certain stroke patients exhibiting substantial
deficits, such as hemiplegia, may experience recovery within the initial 10 days.

The most common cause of aphasia is still a stroke. While almost all cognitive tests include
some level of language processing, it is still possible to get some true cognitive data from a
person with aphasia. This data could be used to help guide the rehabilitation process and set
realistic goals. Most language recovery seems to happen in the weeks after a stroke, but some
recovery may happen over the course of a patient's life, though it may be due to compensatory
rather than restorative processes. Language recovery after a stroke is affected by a number of
factors, but the original severity of aphasia has been found to be the most important. Speech
therapy has been used for a long time in rehab centers to help people who have had a stroke
regain their language skills. At first, there wasn't enough proof to say for sure that speech-
language therapy helped people recover from strokes. However, more recent studies have shown
that it does work. Researchers are still looking into whether passive brain stimulation can help
people learn a language, but estimates of how well it works vary and depend on a number of
factors.
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Figure 1. Motor recovery after stroke in a sample of n = 412 ischemic stroke patients
based on the Fugl-Meyer upper extremity (FM-UE) score.

Imaging stroke recovery
Non-invasive neuroimaging techniques enable the identification of the brain mechanisms
underlying patients' functional improvement. Our comprehension of the neuronal mechanisms
underlying brain reorganization post-stroke has significantly advanced, especially with the
application of functional magnetic resonance imaging (fMRI). Numerous fMRI studies on
individuals with motor strokes have demonstrated that activity is altered not just in the affected
hemisphere but also in the unaffected, or contralesional, hemisphere. In contrast to healthy
individuals, unilateral hand movements in stroke-affected patients often exhibit heightened
activity in contralesional sensorimotor regions. In the early week following a stroke, there is
evidence of increased activation in the contralesional hemisphere, particularly in people with more
severe initial impairments. Conversely, during the initial days following a stroke, ipsilesional
activity is frequently diminished in severely affected patients. Other functional systems, including
the language system in individuals with aphasia, have also been observed to exhibit comparable
effects. Significantly, functional recovery in the motor system correlates with initial increases in
brain activity in both ipsilateral and contralateral regions. According to longitudinal studies, these
spikes in activity are merely transitory occurrences in individuals who achieve successful
functional recovery three months later. Patients with enduring deficits, especially those with
ipsilesional corticospinal tract lesions, may exhibit overactivity in the contralesional hemisphere.
The functional importance of changes in activity following a stroke is a subject of ongoing
discussion. Elevations in contralesional activity may serve as a mechanism facilitating brain
processing in the hemisphere affected by the lesion. Conversely, transcallosal disinhibition may
result in heightened contralesional activity, potentially disrupting coordinated neuronal processing
in the hemisphere affected by the injury. Computational models of connectivity have proven to be
particularly effective at delineating the role of a specific place within the entire network. The
effective connectivity from fMRI time-series data has been accurately modeled using dynamic
causal modeling (DCM). Application of DCM to fMRI data from patients (10—7 weeks post-
stroke) during hand movement revealed that the contralesional primary motor cortex (M1) exerted
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an inhibitory influence on the activity of the ipsilesional M1. The extent of motor impairment
correlated with the strength of this inhibitory link, with individuals exhibiting more impairment
demonstrating increased inhibition. These data indicate that the contralesional M1 exhibits a
maladaptive function 2-3 months post-stroke. Significantly, longitudinal studies indicated that
shortly after a stroke, contralesional M1 positively influences ipsilesional M1. Individuals
receiving medical care.

Individuals that established an inhibitory coupling had poorer outcomes, as evidenced by a
connection between changes in DCM coupling over time and motor performance. Conversely,
favorable motor outcomes were associated with enhanced coupling from ipsilesional premotor
areas to ipsilesional M1. The restoration of a network configuration localized to the ipsilesional
hemisphere, so emulating the state observed in healthy individuals, is associated with a positive
motor outcome post-stroke. In individuals who have fully recovered, the contralesional hemisphere
may also provide a supportive function.

Rehabilitation Strategies for Stroke Recovery

Stroke, or cerebrovascular accident (CVA), is the primary cause of long-term disability and
neurological damage in the United States and Europe. A stroke can lead to mortality or permanent
neurological damage. Globally, fifteen million individuals experience strokes annually, with
approximately one third succumbing to the consequences. A stroke occurs due to an interruption
in cerebral blood flow, leading to the impairment of brain functioning. The typical reasons of this
are a blockage, a hemorrhage, or inadequate blood supply to the brain. The impaired areas of the
brain can no longer function normally, significantly affecting the individual. The results of a stroke
may encompass paralysis in one or more extremities, restricted mobility on one side of the body,
and/or difficulties in comprehension and speech. Approximately 25% of stroke survivors
experience challenges in regaining arm functionality at some stage post-stroke. The primary
consequence of a stroke is a motor function impairment in the arm and hand. The likelihood of
experiencing a stroke or other neurologically disabling disorder increases markedly with
population growth. Regrettably, the global aging population requiring care for age-related
incapacitating illnesses is not increasing at the same pace as the supply of physical or rehabilitation
therapists. Moreover, private counseling sessions are expensive. This necessitates alternative
modalities of repetitive, unsupervised rehabilitation, including the utilization of robotic apparatus
in therapy. Consequently, a broader array of therapies would be accessible, along with more cost-
effective solutions to the problem. Robotic apparatus can be employed to deliver sufferers secure
and engaging therapeutic sessions. A robotic apparatus that observes variations in kinematics and
forces can efficiently modify the therapy level.

It is essential to delineate the various forms of assistance that a robot can offer to understand the
historical significance of robotics as a rehabilitation option following a stroke. "Assistive robotics"
(AR) refers to a comprehensive category of robots utilized in diverse environments such as
residences, medical facilities, and educational institutions. The term "socially interactive robotics"
(SIR) is employed to categorize robots based on their interaction with operators, specifically
referring to robots whose main functions involve human-machine interactions. The term socially
assistive robotics (SAR) was coined to refer to a robot designed for close interaction with its human
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operator, support in repetitive tasks, and the collection of measurable data in rehabilitation and
education.

Rehabilitation with Post stroke Motor Recovery

Notwithstanding advancements in acute care, stroke remains a predominant cause of global
impairment. Stroke impacts various brain functions, with the most common consequence being
movement disability on the unaffected side. Various rehabilitation treatments grounded in motor
learning paradigms have been devised to assist stroke patients in recovering their impaired
mobility.

Neural plasticity may alter the structure and/or function of the central nervous system. Recent
advancements in noninvasive brain research have enhanced our understanding of neural plasticity
and its connection to stroke recovery. Innovative stroke rehabilitation strategies for motor recovery
have been developed based on foundational research and clinical investigations that describe brain
remodeling induced by neural plasticity. Systematic reviews and meta-analyses have validated the
effectiveness of these techniques. Nonetheless, because to the variability in the mechanisms of
motor recovery among people, responses to rehabilitative therapy exhibit considerable inter-
individual heterogeneity. Moreover, these systems depend on a combination of spontaneous and
learning-dependent mechanisms to execute complex tasks such as restoration, substitution, and
compensation. Consequently, comprehending the mechanisms of motor recovery may facilitate
the identification of the most effective type, duration, and goals of personalized stroke
rehabilitation interventions. Recent advancements in neurophysiological and neuroimaging
techniques have enhanced our comprehension and prediction of the effectiveness of diverse stroke
rehabilitation regimens by assessing the range of motor recovery processes.

This overview begins with an examination of the principles of task-specific training and enhanced
environments for stroke rehabilitation. Subsequently, we focus on innovative stroke rehabilitation
methodologies supported by empirical evidence about associated brain plasticity. The techniques
encompass body weight-supported treadmill training (BWSTT), robotic training, noninvasive
brain stimulation (NIBS), action observation, constraint-induced movement therapy (CIMT),
virtual reality (VR) training, and brain-computer interface (BCI). Ultimately, we explore
personalized strategies that may assist in establishing therapeutic goals, averting maladaptive
plasticity, and optimizing functional recovery in stroke patients.

Principles of Stroke Rehabilitation

The predominant focus of stroke rehabilitation methods is motor learning, which induces dendritic
sprouting, the formation of new synapses, alterations to existing synapses, and the release of
neurochemicals. These alterations are thought to establish a mechanistic basis for motor recovery
following a stroke. It is widely acknowledged that significant, repetitive, and rigorous practice
techniques improve motor learning. Moreover, stroke rehabilitation is recommended at care
facilities that employ multidisciplinary teams to foster active patient engagement. This section
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analyzes treatment options that promote neural plasticity, including task-specific training and
enriched settings.

Task-Specific Training

Post-stroke motor training should focus on goals relevant to the patient's functional needs.
Consequently, a widely recognized principle of stroke therapy emphasizes task-specific training
to enhance activities of daily living and other relevant motor skills. A variety of terms, including
repeated task practice, repetitive functional task practice, and task-oriented treatment, have been
employed to describe this strategy. To improve individual functional skills, task-specific training
focuses on the repetitive practice of proficient motor performance. A wide array of motor
functions, encompassing the upper limbs, lower limbs, sit-to-stand movements, and gait, can be
effectively rehabilitated post-stroke by task-specific training. Moreover, research indicates that
repeating task-specific training yields superior functional enhancements compared to non-
repetitive training.

There is increasing evidence that task-specific training utilizes brain plasticity. A meta-analysis of
neurophysiological and neuroimaging research indicates that task-specific training promotes
enduring motor learning and corresponding brain reorganization, unlike traditional stroke
rehabilitation methods such as basic motor exercises. The neuronal alterations in the sensorimotor
cortex of the impacted hemisphere are correlated with enhancements in functional movements of
the paretic upper extremity. Task-specific training may facilitate functional motor recovery, driven
by adaptive brain plasticity, as substantial data supports this assertion.

Enriched Environment

The therapeutic environment is essential for stroke rehabilitation, alongside task specificity.
Enriched environments are those that offer enhanced opportunity for physical activity and
motivation. Research utilizing rat models of stroke has demonstrated that enriched environments,
offering greater opportunities for play, social interaction, and physical activity compared to
standard laboratory cages, promote motor recovery and cerebral plasticity. Clinically, treatment
administered in a stroke unit (SU) by a well-coordinated multidisciplinary team may offer an
optimal environment for stroke patients.

SU care provides a systematic treatment framework through a cyclical process encompassing
evaluation, goal setting, intervention, and reassessment. Furthermore, SU care provides
individuals with a definitive understanding of expectations during task-specific training, fostering
neural plasticity that improves performance. Research indicates that patient engagement in patient-
centered multidisciplinary goal planning enhances their motivation and participation in therapy,
resulting in better rehabilitation outcomes for stroke patients with restricted mobility. Multiple
studies indicate that SU therapy yields the most significant improvement in stroke-related
disability levels. The articulated benefits of SU therapy are applicable to patients across all age
groups and all levels of stroke severity. Consequently, to promote neuroplasticity and enhance
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motor and functional recovery post-stroke, rehabilitation programs must incorporate significant,
repetitive, intensive, and task-specific movement training within a stimulating setting.

Novel Strategies Based on Motor Training

Numerous research conducted over the last several decades have shown the use of cutting-
edge motor learning-based stroke rehabilitation techniques. We examine a number of typical
neurorehabilitation techniques in this section on neuronal plasticity, including CIMT,
BWSTT, and robot training®.

CIMT

Stroke patients frequently do daily activities with the nonparetic limb instead of the paretic leg.
The occurrence of learned nonuse in the affected limb is induced by the predominant utilization of
the unaffected limb, hence diminishing the capacity for additional enhancements in motor
function. A therapeutic method known as CIMT was developed to address the learned nonuse of
the paretic limb. The nonparetic arm is physically constrained by a sling or glove, compelling the
patient to engage in functionally oriented tasks utilizing the paretic arm. A proposed mechanism
suggests that CIMT's repetitive training of the paretic arm and restriction of the nonparetic upper
arm may be essential for promoting brain plasticity.
In stroke animal models, skill development with the nonparetic limb adversely affects the use-
dependent plasticity of the affected hemisphere. While the roots of this restriction remain
unidentified, this phenomenon may result from use-dependent alterations in interhemispheric
connectivity. Consequently, restricting the nonparetic limb may mitigate the impact of stroke on
the use-dependent plasticity of the paretic limb. Multiple studies have demonstrated brain plasticity
following CIMT through neuroimaging and neurophysiological techniques. Prior studies
employing transcranial magnetic stimulation (TMS) revealed that post-treatment, the cortical
representation size of the paretic hand expanded. Research on brain imaging has demonstrated that
CIMT induces changes in neural network activity. Moreover, a structural magnetic resonance
imaging (MRI) study shown that CIMT increased grey matter in the bilateral sensorimotor cortices
compared to the control therapy. Evidence indicates that CIMT induces anatomical and
physiological alterations in the brains of stroke sufferers.

The Extremity Constraint-Induced Therapy Evaluation study was a multicenter, single-blind,
randomized controlled trial that assessed the effects of a 2-week CIMT regimen versus
conventional care in 222 patients 3 to 9 months after their initial stroke. The CIMT group had
superior performance in functional activities utilizing the paretic upper limb at the one-year
assessment. Moreover, there was no decline from the 1-year assessment at the 2-year follow-up,
and the tendencies for strength development in the second year were favorable. Most CIMT
examinations indicate tendencies of enhanced motor recovery in persons with chronic stroke.
Recent trials indicated no significant differences in motor recovery between Constraint-Induced
Movement Therapy (CIMT) and an equivalent dosage of standard treatment for persons with an
acute stroke. The absence of significant learned nonuse during the acute phase may be responsible
for this. Moreover, in comparison to low-intensity CIMT, high-intensity CIMT yields diminished
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enhancement during the acute phase of stroke. Consequently, additional research is necessary to
ascertain the optimal timing and intensity of CIMT for motor recovery post-stroke.

BWSTT

BWSTT is a rehabilitation method wherein stroke survivors walk on a treadmill with partial body
weight support. BWSTT facilitates the repetitive practice of intricate gait cycles, hence enhancing
walking proficiency. Hemiparesis can cause abnormal control of the affected lower limb in stroke
survivors, leading to an asymmetrical gait pattern. In the loading phase of walking, the alignment
of the trunk and knee is more linear due to the body weight support system partially relieving the
lower extremities. BWSTT additionally improves walking velocity, stride length, and asymmetry
in swing time. Consequently, BWSTT facilitates the patient in ambulating in a nearly normal
fashion and inhibits the emergence of compensatory gait patterns such as hip hiking and
circumduction.

Evidence indicates that gait improves in individuals with acute and chronic stroke while utilizing
Body Weight-Supported Treadmill Training (BWSTT), including robotic device systems, in
comparison to conventional therapy methods. Nonetheless, irrespective of whether BWSTT
commenced 2 or 6 months post-stroke, subsequent research indicated that the benefits of BWSTT
were not superior to those achieved with home-based physical therapy emphasizing strength and
balance. Moreover, the incidence of falls was higher in the cohort that underwent early BWSTT
compared to the cohort that received late BWSTT and physical therapy among patients with
significant walking impairments. Consequently, incorporating balance training that helps avoid
falls in patients, especially those with acute stroke and significant disabilities, should be integral
to BWSTT programs.

BWSTT is believed to enhance cerebral activity in the caudate nuclei, thalamus, cingulate motor
areas, and bilateral primary sensorimotor cortices of the affected hemisphere. Furthermore,
BWSTT has demonstrated the ability to alter central pattern generator activity in animal studies.
Patients who have experienced a stroke exhibit impaired spinal cord function while maintaining
intact cerebral cortex function. Nevertheless, differences in signals received due to brain
reorganization may render spinal cord adjustments essential for gait recovery following a stroke.
Consequently, BWSTT may be employed for stroke patients to improve walking speed, reduce
asymmetries in gait parameters, and facilitate reorganization at both spinal and supraspinal levels.
Animal studies are the sole evidence demonstrating that this process entails brain plasticity.

Robot Training

Robotic training may be advantageous in stroke rehabilitation due to its great repeatability,
precisely adjustable assistance or resistance during movements, and objective, verifiable
assessments of subject performance. Robot training can deliver intensive, task-oriented education
that has proven advantageous for enhancing motor learning. These facets of robotic training are
considered beneficial for the motor rehabilitation of stroke survivors.

Recent advancements in robotic training therapies utilizing mechanical aid have been established
to improve arm functionality in stroke rehabilitation. A multicenter, randomized controlled
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research of individuals with chronic stroke and moderate-to-severe upper-limb impairment
revealed that, while there was no difference in motor recovery between intensive physiotherapy
and robot-assisted rehabilitative therapy, the latter was more successful. Moreover, extensive
reviews and meta-analyses have not demonstrated any notable enhancements in daily life skills
following robotic training. Automated electromechanical gait devices have been developed to
assist with lower limb rehabilitation. These devices consist of either a robot-driven exoskeleton
orthosis or two electromechanical footplates that replicate gait stages. These gadgets are beneficial
since they obviate the necessity for therapists to oversee weight shifting and position the paretic
limbs, which is required for treadmill training. The probability of regaining independent
ambulation post-stroke increases with the utilization of electromechanically assisted gait-training
devices in conjunction with physical therapy, while walking velocity remains unchanged.
Consequently, it is essential for robotic assistance to be executed with low variation in input-output
latency, utilizing electromyography (EMG) and/or positional feedback with automated repetitive
motor training. Due to the synchronization of sensory and motor information

Facilitating cognitive development necessitates the reduction of these latency intervals. Further
research is necessary to identify optimal subject characteristics and to determine if robotic training
surpasses conventional treatment.

Conclusion

Following a stroke, several techniques and instruments have been developed to assist individuals
in regaining motor function in their upper and lower extremities. Robots are increasingly utilized
in the expansive domain of rehabilitation. As previously indicated, patients must capitalize on a
period of rapid recuperation. Research indicates that the recovery phase may transpire throughout
the initial three months post-episode and progressively diminish after six months subsequent to
the stroke. At this juncture, considerable strength, range of motion, and mobility may be regained.
Consequently, it is imperative for patients to engage in regular exercise during this period to regain
motor control. Numerous studies indicate that robot-assisted rehabilitation is an effective
therapeutic approach that ultimately allows patients to regain substantial motor control. Research
indicates that including robot-assisted exercises into standard treatment enhances the overall
independence of stroke patients. Robotic technologies can address the demand for more efficient
treatment alternatives as stroke incidence increases and the population rapidly grows. The
economical aspect enables individuals without the financial means to employ a therapist to access
therapy. Despite the promising results of robot-assisted therapy, additional research is necessary.
Robotic devices have recently been employed to assist patients in improving motor control; hence,
alternative ways must be explored. It is agreed that robot-assisted therapy has the potential to be
the most effective type of treatment for various neurological disorders, not alone for stroke
patients.

There wasn't enough proof to say for sure that speech-language therapy helped people recover
from strokes. However, more recent studies have shown that it does work. Researchers are still
looking into whether passive brain stimulation can help people learn a language, but estimates of
how well it works vary and depend on a number of factors.
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