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Abstract 
Recent advancements in stroke rehabilitation emphasize 
the importance of neuroplasticity and task-specific 
training (TST) in facilitating motor recovery and functional 
outcomes in stroke survivors. Considering the global rise 
in stroke, particularly in developing countries like 
Pakistan, it is important to implement evidence-based 
practices that optimize post stroke recovery. TST involves 
repetitive practicing goal-oriented tasks. It has shown 
promising results in facilitating cortical reorganization 
and enhancing functional outcomes. TST encourages use-
dependent neuroplasticity by incorporating affected 
neural pathways through intensive, repetitive, goal-
directed, purposeful activity. Studies suggests that 
interventions such as virtual reality-based task-specific 
training, robotic-assisted therapy, and constraint-induced 
movement therapy can improve the functional motor 
outcomes. In addition, technological advancements 
include novel, cost-effective strategies that integrate TST 
with digital tools to maximize patients’ compliance. 
Implementing TST via adaptable rehabilitation models 
can improve recovery and long-term quality of life for 
stroke survivors. This review explores TST -induced 
neuroplasticity, highlights key interventions, and outlines 
future strategies for implementation in resource-limited 
settings like Pakistan. 
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Introduction 
Stroke is a leading cause of disability globally having 
long-term healthcare and social implications. Most stroke 
survivors have impaired mobility and require assistance 
with activities of daily living. Pakistan has an estimated 
stroke incidence of 250 per 100,000, worsened by lifestyle 
changes, and limited awareness.1 Limited availability of 
specialized stroke rehabilitation centres, skilled 
rehabilitation professionals, and advanced therapeutics 

further exacerbate the challenge, particularly in remote 
areas. Post-stroke rehabilitation aims to restore motor 
function, promote independence, and improve the 
quality of life. Among current therapeutic approaches 
such as, constraint induced movement therapy, mirror 
therapy, and virtual reality training have shown efficacy in 
promoting motor recovery in stroke, task specific training 
(TST) has also shown significant promise in enhancing 
post stroke recovery. TST helps restore motor functions 
and long-term outcomes by having patients involved in 
repetitive goal-oriented tasks.2 

Understanding Neuroplasticity in Stroke 
Recovery 
Neuroplasticity is the brain’s ability to reorganize neural 
pathways in response to learning, relearning, training and 
rehabilitation.3 This adaptive mechanism is particularly 
important after stroke, where the damaged brain areas 
may no longer be able to function. In these cases, 
adjacent cortical areas can be recruited to compensate for 
lost functionality in affected brain areas. This process 
supports motor recovery and forms the basis of modern 
rehabilitation strategies. Neuroplasticity in stroke 
rehabilitation involves key mechanisms such as: 
neurogenesis where new neurons may form after injury; 
axonal sprouting which enables the growth of new axon 
terminals to re-establish neuronal connections; diaschisis 
referring to the process where reactivation of brain areas 
functionally suppressed due to stroke; and vicariation 
where healthy brain areas recompense for lost functions, 
assisting functional motor recovery. Task-specific training 
(TST) plays a key role in promoting this reorganization by 
involving stroke patients in repetitive, goal-oriented tasks 
that stimulate the affected neural pathways.4,5 

Activity-induced neuroplasticity comprises several key 
processes, including synaptic strengthening, cortical 
remapping, and the recruitment of compensatory 
neuronal circuits. These processes help the brain to 
recompense for injury and restore functions with time. 
Neuroplastic adaptations depends on the intensity, 
frequency, and relevance of the training provided 
principles of TST that aims to stroke recovery.6 
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Principles of Task-Specific Training (TST) 
TST is a motor learning-based treatment approach that 
highlights the practice of goal-oriented actions align with 
functional activities. It emphases on the repetitive 
performance of specific tasks such as grasping, walking, 
or reaching to treat stroke-related functional 
impairments.7 An important aspect of TST is context-
specificity i.e. the training in settings that mirrors real-life 
situations, the applicability of learned skills to activities of 
daily living. The exercises are gradually increased in 
difficulty based on the patient’s functional capacity, 
providing appropriate challenge while avoiding excessive 
strain. 

Another important element of TST is to provide real time 
feedback, allowing patients to identify the errors and 
refine their movements more appropriately and 

effectively. Motivation and personal relevance of the 
training play a key role in improving patients’ 
engagement and adherence. In contrast to conventional 
exercises, TST promotes active participation in 
meaningful relevant activities, enhancing motor 
functional performance and sustained long term recovery 
through neuroplastic adaptations.7 

Conventional Interventions Based on TST 
1. Task-Oriented Circuit Training (TOCT) 

Task-oriented circuit training (TOCT) is a structured 
rehabilitation protocol involving patients to engage in 
multiple exercises, each planned to target specific 
functional tasks relevant to daily living. The training 
includes activities such as sit-to-stand transitions, walking 
on smooth and uneven surfaces, stair climbing, or 
reaching for objects—each practiced repeatedly to 
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enhance motor control and endurance.8 The TOCT 
intended to replicate real-world challenges, fostering 
greater independence in performing activities of daily 
living. 

Research shows that TOCT greatly improves gait 
parameters, including step length, walking speed, and 
cadence, while also improving balance and mobility.9 
TOCT can be administered in  group settings, allowing a 
single therapist to supervise multiple patients 
simultaneously, thus improving resource efficiency. This 
makes it effective and cost-efficient for use in low-
resourced facilities. In addition, the social and 
motivational aspects of group participations can enhance 
patients’ adherence and motor outcomes. 

2. Functional Electrical Stimulation (FES) 
Functional electrical stimulation (FES) is a rehabilitation 
protocol based on application of low-level electrical 
stimulations to specific muscle, particularly in the lower 
limbs, to induce muscle contractions and support 
voluntary motor control. It is useful in patients with foot 
drop or weak dorsiflexors after stroke. When integrated 
with gait training, FES improves gait parameters and 
balance, reduces muscles spasticity, and facilitates 
cortical remapping by activating use-dependent neural 
pathways. FES facilitates motor learning thereby assisting 
neuroplasticity, helps restore functional mobility post-
stroke.10 

3. Neurodevelopmental Techniques 
Neurodevelopmental interventions, such as the Bobath, 
utilizes motor learning approaches to improve motor 
coordination and postural stability in stroke 

rehabilitation. These techniques focus on the tactile 
facilitation of normal movement while supressing the 
abnormal muscle tone. These techniques seek to restore 
functional mobility by guided movement and sensory 
feedback. Although commonly used in clinical settings, 
current evidence suggests that when properly applied, 
these techniques are equally effective as other 
conventional rehabilitation methods in improving motor 
outcomes in stroke patients.11 

Advanced Interventions Enhancing TST 
1. Robotic-Assisted Gait Training (RAGT) 

Robotic devices such as the Lokomat and G-EO System 
facilitate stroke rehabilitation by administrating 
repetitive, precise gait patterns, enabling intensive 
training sessions. These techniques offer customized 
resistance and assistance, enabling individualized therapy 
tailored to each patient’s functional needs. Additionally, 
RAGT provide objective performance tracking, which 
helps in monitoring prognosis.12 However, when RAGT  
combined with conventional rehabilitation treatment it 
may offer additional benefits in gait function, balance, 
motor skills, and activities of daily living. A balanced 
approach is therefore recommended, integrating RAGT as 
part of a comprehensive, individualized rehabilitation 
plan. 

2. Virtual Reality (VR) 
VR provides interactive, simulated environments that 
imitate real-world tasks, enhancing patient engagement 
and stimulating neuroplasticity. Stroke survivors can 
safely practice daily living activities, which facilitates both 
motor and cognitive recovery. VR delivers real-time 

Table-1: Tools for Enhancing Neuroplasticity in Stroke Rehabilitation

Tool/Intervention Mechanism of Action Neural Structures Targeted

Transcranial Magnetic Stimulation 
(TMS)

Non-invasive brain stimulation to modulate cortical excitability and 
induce plasticity

Motor cortex, prefrontal cortex

Transcranial Direct Current 
Stimulation (tDCS)

Applies low-intensity electrical currents to enhance synaptic efficacy 
and cortical reorganisation

Cortical regions (motor, sensory, cognitive areas)

Virtual Reality (VR) Engages sensorimotor and cognitive networks through immersive 
environments

Parietal cortex, motor cortex, visuospatial regions

Robot-Assisted Therapy Provides repetitive, task-specific movement training to reinforce 
motor learning

Corticospinal tract, motor cortex

Mirror Therapy Visual feedback from the non-affected limb stimulates motor 
pathways in affected hemisphere

Premotor cortex, sensorimotor cortex

Brain-Computer Translates brain signals into control commands to support motor 
rehabilitation

Sensorimotor cortex, thalamocortical circuits

Aerobic Exercise Increases neurotrophic factors (e.g., BDNF), enhancing synaptogenesis 
and neurogenesis

Hippocampus, prefrontal cortex, motor areas

Task-Oriented Training (e.g., CIMT) Drives use-dependent plasticity through repetitive, goal-directed 
activity

Motor cortex, cerebellum, basal ganglia



Open Access J Pak Med Assoc

F A Siddiqi, S Jahan, M F Hassan, et al473

feedback and adaptability, increasing patients’ 
motivation and adherence. Studies have shown that VR-
based gait training significantly enhances spatiotemporal 
gait parameters, balance, and functional mobility in 
stroke patients.13 

3. Aerobic Training 
One of the best-known facilitators for neuroplasticity is 
aerobic training. In stroke patients, engaging in 
moderate-intensity aerobic training has been shown to 
induce neural responses that enhances motor recovery 
through neuroplasticity. One suggested mechanism 
involves increases in neurotrophin levels associated with 
neuroprotection, neurogenesis and neuroplasticity, 
mainly the brain-derived neurotrophic factor (BDNF), 
which is induced in the brain directly through aerobic 
exercises. This could possibly be potentialized when 
combined with other forms of rehabilitation. BDNF is a 
key mediator of motor learning and post-stroke 
rehabilitation.14 

4. Split-Belt Treadmills Training (SBTT) 
Split-belt treadmills trainings (SBTT) are advanced 
rehabilitation protocol with independently controlled 
belts for each leg, aimed to improve gait parameters in 
post-stroke patients. These treadmills permit the 
modulation of belt speeds to perturb normal walking, 
helping motor adaptation. Most effective tool to place the 
limb with the shorter step length on the faster belt, 
enhancing gait asymmetry and enhancing neuromotor 
adaptation. Evidence proposes that this strategy 
improves step length symmetry, when repeated over 
multiple sessions. Meta-analysis shows substantial 
improvements in step length symmetry post-training and 
at follow-up, supporting their clinical utility for long-term 
gait restoration in stroke rehabilitation. SBTT leverages 
locomotor adaptation to induce task-specific 
neuroplasticity, making it a powerful tool to restore gait 
symmetry and promote functional recovery in stroke 
rehabilitation.15 

While conventional TST techniques are easier to 
implement, advanced methods deliver higher intensity 
and better measurable outcomes. The ideal model may 
be a hybrid of both. 

Challenges in Pakistan and LMIC 
Despite the potential of advanced rehabilitation 
technologies, Pakistan faces many challenges that hinder 
their widespread adoption. The high cost of robotics 
makes them inaccessible for most public healthcare 
settings. In addition, the healthcare infrastructure is 
underdeveloped, with specialized rehabilitation services 

mostly limited to urban centres. Evidence-based 
protocols are underutilized, and advanced technologies 
are only available in research settings or high-end private 
clinics. Therefore, the majority of stroke rehabilitation 
centres continue to rely on conventional therapies, with 
minimal incorporation of modern, technology-driven 
approaches that could otherwise enhance the patients’ 
outcomes. 

Recommendations for Future 
Implementation 
To implement TST and advance neurorehabilitation 
techniques in Pakistan and other LMIC, we recommend 
several strategic actions. Trained workforce is an essential 
first step and government institutes and academic 
organizations should prioritize the training of 
rehabilitation professionals in TST and advanced 
technologies such as robotics and VR. There is also a need 
for cost-effective innovation. Collaborations with local 
engineering and technology firms and universities can 
help develop of affordable robotic and VR devices that are 
tailored to meet patients’ rehabilitation needs. 

In addition, incorporating digital tools such as mobile 
applications and gamified platforms can extend TST into 
home environments, enhancing patients’ engagement 
and adherence. Establishing dedicated, multidisciplinary 
stroke rehabilitation units in tertiary hospitals is essential 
for offering scalable and accessible care. Lastly, a strong 
foundation of research through national databases and 
multicentred clinical trials will help in generating local 
evidence, guide clinical practices, and notify healthcare 
policies and resource allocation. 

Conclusion 
Task-specific training, grounded in the principles of 
neuroplasticity, represents a cornerstone in advanced 
stroke rehabilitation. From basic circuit training to robotic 
and virtual reality-based interventions, TST establishes a 
path to meaningful, functional motor recovery. In 
resource-constrained settings like Pakistan, the 
incorporation of cost-effective, scalable, and advanced 
with adaptable TST models is not only necessary but 
urgent. Through concerted efforts in policy, 
rehabilitation, and innovation, stroke survivors are better 
positioned towards greater autonomy and well-being.  
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