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Abstract: Stroke remains a leading cause of long-term disability worldwide, frequently resulting in upper limb motor deficits that 

significantly impair functional independence and quality of life. Traditional rehabilitation approaches often yield incomplete recovery, 

particularly in chronic stages. Graded Motor Imagery (GMI), a novel neurorehabilitation strategy rooted in neuroplasticity and 

cognitive motor processes, has emerged as a promising adjunct to conventional therapy. This review systematically examines current 

evidence on the effectiveness of GMI in improving upper limb function among stroke survivors. It synthesizes theoretical foundations, 

clinical mechanisms, intervention protocols, outcome measures, and comparative efficacy, and identifies gaps in literature with 

recommendations for future research. Findings suggest that GMI may offer significant improvements in motor function, neural 

reorganization, and functional use of the affected upper limb, particularly when integrated with task-specific training. Keywords: 

Graded Motor Imagery, Stroke Rehabilitation, Upper Limb Function, Motor Imagery, Neural Plasticity, Constraint-Induced Movement 

Therapy. 
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Introduction 

Stroke is one of the most prevalent neurological conditions 

globally, often resulting in long-term physical, cognitive, and 

emotional sequelae. Upper limb dysfunction, including 

weakness, spasticity, poor coordination, and impaired motor 

control, is reported in up to 80% of individuals post-stroke and 

significantly limits participation in activities of daily living (ADLs) 

and overall quality of life (Langhorne et al., 2009). Traditional 

rehabilitation approaches, such as physical therapy, repetitive 

task training, and Constraint-Induced Movement Therapy 

(CIMT), focus on high-intensity, task-oriented practice to 

promote recovery. However, these approaches may be limited 

by patient fatigue, pain, and cognitive demands, particularly in 

the early and chronic phases of stroke recovery. 

In recent years, there has been a shift toward incorporating 

cognitive and neuroplasticity-based interventions into stroke 

rehabilitation. Among these, Graded Motor Imagery (GMI) has 

emerged as a compelling adjunct therapeutic approach. GMI 

leverages the brain’s capacity to reorganize and strengthen 

neural networks through imagined and mirrored motor 

experiences, progressively engaging the sensorimotor system 

without overt physical movement. Initially developed for complex 

regional pain syndrome (Moseley, 2004), GMI has since been 

adapted for stroke rehabilitation with the goal of reducing motor 

impairment and enhancing motor relearning. 

The purpose of this review is to critically evaluate the 

effectiveness of GMI in improving upper limb motor function 

among stroke survivors. This article reviews the theoretical 

underpinnings of GMI, empirical evidence of its clinical 

effectiveness, intervention protocols, outcome measures, neural 

mechanisms, and practical considerations for clinical 

implementation. Additionally, it addresses limitations in current 

research and suggests directions for future studies. 
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Theoretical Foundations of Graded Motor Imagery 

Graded Motor Imagery is grounded in the principles of motor 

control, neural plasticity, and sensorimotor integration. It involves 

a sequential progression of cognitive and sensorimotor tasks 

designed to engage and reorganize neural circuits associated 

with movement. The three core components of GMI are laterality 

recognition (LR), explicit motor imagery (EMI), and mirror 

therapy (MT). 

Laterality recognition involves identifying images of body parts 

as left or right. This task activates pre-motor and parietal regions 

involved in motor planning and body representation without 

actual movement. The ability to correctly and rapidly recognize 

laterality reflects the integrity of internal motor representations, 

which are often disrupted after stroke. 

Explicit motor imagery requires individuals to mentally rehearse 

specific movements of the affected limb without physical 

execution. Motor imagery engages neural networks similar to 

those activated during actual movement, including the premotor 

cortex, supplementary motor area, and primary motor cortex. By 

repeatedly imagining movement, it is proposed that near-normal 

patterns of neural activation can be reinforced, facilitating motor 

relearning. 

Mirror therapy involves performing movements with the 

unaffected limb while observing its reflection in a mirror placed 

so it appears as though the affected limb is moving. This visual 

illusion generates congruent sensory input that can enhance 

motor cortex excitability and sensorimotor integration, which may 

help attenuate learned non-use and ‘maladaptive’ cortical 

changes following stroke. 

By progressing from cognitive representations of movement 

(laterality recognition), through imagined movement (EMI), to 

visually augmented movement (mirror therapy), GMI aims to 

reduce cortical inhibition, promote adaptive neural plasticity, and 

gradually prepare the nervous system for actual motor 

performance. 

Mechanisms of Action: Neural Plasticity and Motor Learning 

The therapeutic effects of GMI are rooted in the brain’s capacity 

for experience-dependent plasticity. Neural plasticity describes 

the brain’s ability to reorganize its structure, function, and 

connections in response to experience, learning, and 

rehabilitation. Stroke disrupts neural pathways related to motor 

control, leading to compensatory reorganization, maladaptive 

patterns, learned non-use of the affected limb, and cortical 

inhibition. 

Motor imagery tasks (explicit and mirror-guided) have been 

shown to activate motor networks similar to those activated 

during actual movement. Functional neuroimaging studies 

indicate that motor imagery engages the premotor cortex, 

supplementary motor area, and primary motor cortex, albeit at 

lower activation intensities compared to actual movement 

(Decety & Grezes, 1999). Laterality recognition tasks engage 

parietal regions important for body schema and spatial 

processing, laying the cognitive groundwork for motor planning. 

Mirror therapy, with visual feedback that simulates movement of 

the affected limb, engages the mirror neuron system—neurons 

that fire during both action execution and observation. This visual 

feedback can modulate motor cortex excitability, enhance 

sensorimotor integration, and promote cortical reorganization. 

Collectively, these GMI components contribute to reducing 

interhemispheric inhibition from the unaffected hemisphere, 

enhancing excitatory influences on the affected hemisphere, and 

facilitating motor output. 

Clinical Evidence: Effectiveness of GMI in Upper Limb 

Rehabilitation 

A growing body of clinical research has examined the 

effectiveness of GMI for upper limb recovery in stroke survivors. 

Studies vary in design, sample size, intervention protocols, and 

outcome measures, but several controlled trials and systematic 

reviews provide substantive insights. 

Controlled trials have shown that GMI, when combined with 

conventional therapy, leads to greater improvements in motor 

function compared to conventional therapy alone. For example, 

a randomized controlled trial (RCT) comparing GMI plus task-

oriented training to task-oriented training alone reported 

significant improvements in upper limb motor outcomes and 

functional use in the GMI group. These improvements were 

observed in standardized measures such as the Fugl-Meyer 

Assessment (FMA) and Action Research Arm Test (ARAT), 

indicating enhanced motor control and functional performance. 

Another RCT examined the effects of GMI compared to sham 

imagery and found that participants receiving true GMI 

demonstrated significantly greater improvements in motor 

impairment and functional use. Additionally, participants 

reported higher levels of confidence and reduced fear of 

movement, suggesting that GMI may also positively impact 

psychosocial factors influencing rehabilitation participation. 

Systematic reviews and meta-analyses have further supported 

GMI’s effectiveness, noting moderate to large effect sizes for 
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improvements in upper limb motor function when GMI is 

integrated with conventional therapy. These reviews highlight 

that GMI’s benefits are most pronounced when administered 

over multiple weeks with regular practice and when tailored to 

individual capabilities. However, heterogeneity in study designs 

and small sample sizes in some trials underscore the need for 

larger, well-powered studies. 

Intervention Protocols: Structuring GMI for Optimal 

Outcomes 

Effective implementation of GMI requires careful structuring of 

intervention protocols to ensure progression, engagement, and 

safety. While protocols vary, common elements include the 

following: 

1. Laterality Recognition Training: Participants engage 

in tasks that require rapid and accurate identification of 

left versus right images of the upper limb. These tasks 

can be computer-based or use flashcards and are 

typically practiced daily. Progression involves 

increasing task complexity and decreasing response 

time allowances. Laterality recognition serves as a 

preparatory phase, fostering accurate motor 

representations prior to motor imagery. 

2. Explicit Motor Imagery Practice: Once laterality 

recognition improves, participants progress to 

imagining specific movements of the affected limb, 

such as reaching, grasping, or lifting objects. Sessions 

are guided, with prompts to focus on kinesthetic 

imagery (feeling the movement) rather than purely 

visual imagery. Imagery sessions may begin with 

simple movements and advance to more complex, 

functional tasks as ability improves. 

3. Mirror Therapy: Mirror therapy is introduced after or 

alongside motor imagery tasks. Participants position a 

mirror to reflect the unaffected limb’s movements, 

creating the illusion of movement in the affected limb. 

Repetitive and task-oriented movements are 

performed, often under therapist supervision. Duration 

and frequency vary across studies, but common 

protocols use daily sessions of 15–30 minutes over 

several weeks. 

4. Integration with Conventional Therapy: 

GMI is most effective when layered onto conventional 

rehabilitation approaches, such as task-specific 

training, strengthening exercises, and functional 

practice. Integrated programs ensure that cognitive 

motor engagement translates into real-world motor 

improvements. Therapists often tailor GMI protocols 

based on individual impairment levels, cognitive 

function, and motivational factors. 

Outcome Measures: Assessing Effectiveness 

Evaluating the effectiveness of GMI requires reliable and valid 

outcome measures that capture changes in impairment, activity 

limitations, and participation. Commonly used measures in 

stroke rehabilitation research include: 

 

 
 

• Fugl-Meyer Assessment (FMA): A standardized 

measure of motor impairment, particularly useful for 

quantifying upper limb motor recovery post-stroke. It 

evaluates reflex activity, volitional movement, 

coordination, and speed. 

• Action Research Arm Test (ARAT): Focuses on 

upper limb functional tasks such as grasp, grip, pinch, 

and gross movement. It is sensitive to changes in 

functional performance. 

• Motor Activity Log (MAL): A structured interview that 

assesses the amount and quality of use of the affected 

upper limb in daily activities. 
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• Box and Block Test (BBT): Measures gross manual 

dexterity by counting the number of blocks transferred 

across a partition within a given time. 

• Wolf Motor Function Test (WMFT): Includes timed 

and functional tasks to assess arm and hand function. 

In addition to these motor outcomes, measures of cognitive 

engagement, confidence, and psychosocial status are 

increasingly included to capture broader rehabilitation effects. 

Many studies also utilize neurophysiological measures such as 

transcranial magnetic stimulation (TMS) to assess changes in 

cortical excitability and representational maps. 

Comparative Effectiveness: GMI vs. Other Rehabilitation 

Strategies 

When compared to traditional rehabilitation approaches, GMI 

demonstrates unique advantages, particularly for individuals 

who may be limited by physical fatigue, pain, or cognitive barriers 

to active movement. Unlike purely physical therapies that require 

repetitive movement practice, GMI engages motor networks 

through cognitive processes, making it accessible even in early 

post-stroke stages or when movement is severely constrained. 

Comparative studies suggest that GMI combined with 

conventional therapy may yield superior outcomes to 

conventional therapy alone. For example, when integrated with 

task-oriented training or CIMT, GMI enhances motor gains 

beyond what is achieved through physical practice alone. 

Additionally, GMI appears to reduce fear of movement and 

improve motor confidence, which may facilitate greater 

engagement in active rehabilitation. 

However, GMI is not proposed as a stand-alone substitute for 

physical practice. Rather, it serves as an adjunct that primes the 

nervous system, enhances motor learning, and prepares 

individuals for more intensive physical therapy. In clinical 

practice, combining GMI with evidence-based physical 

modalities appears to optimize recovery trajectories. 

Patient Selection and Individual Considerations 

The effectiveness of GMI is influenced by multiple individual 

factors, including cognitive status, severity of motor impairment, 

time since stroke onset, and motivation. Patients with severe 

cognitive deficits or profound aphasia may have difficulty 

engaging in motor imagery tasks; thus, careful assessment of 

cognitive function is essential before initiating GMI. Clinicians 

may adapt tasks or incorporate caregiver support to facilitate 

engagement. 

Time since stroke onset is another important consideration. 

While GMI can be beneficial at various stages of recovery, early 

implementation (within the first six months post-stroke) may 

leverage heightened neuroplastic potential. Yet, evidence also 

supports benefits in chronic stroke survivors, indicating that 

neuroplastic changes are possible long after the initial injury. 

Motivation and self-efficacy are critical for successful 

participation in GMI protocols, as practice requires 

concentration, imagination, and sustained engagement. 

Providing education about the rationale and potential benefits of 

GMI, setting achievable goals, and incorporating enjoyable tasks 

can enhance adherence. 

Challenges, Limitations, and Future Directions 

Despite promising findings, research on GMI in stroke 

rehabilitation faces limitations. Many studies include small 

sample sizes, heterogeneous intervention protocols, and 

variable outcome measures, making direct comparisons 

challenging. Additionally, long-term follow-up data are limited, 

restricting insights into the durability of gains. 

Mechanistic studies using advanced neuroimaging and 

neurophysiology are needed to elucidate how GMI alters cortical 

networks and whether these changes predict functional 

recovery. Future research should also explore optimal dosing, 

intensity, and sequencing of GMI components, as well as the role 

of technology-enhanced delivery methods (e.g., virtual reality, 

mobile applications) to increase accessibility. 

Comparative effectiveness trials that directly contrast GMI with 

other cognitive and physical interventions could clarify where 

GMI fits within the broader rehabilitation landscape. Cost-

effectiveness analyses will be valuable for informing clinical 

decision-making and policy, particularly in resource-limited 

settings. 

Clinical Implications and Practical Recommendations 

For rehabilitation professionals, incorporating GMI into stroke 

rehabilitation programs can augment conventional therapies and 

provide a pathway for individuals with limited physical capacity 

to engage in meaningful motor practice. Practical 

recommendations include: 

1. Assessment: Evaluate cognitive function, motor 

imagery ability, and motivational factors before initiating 

GMI. 

2. Customization: Tailor GMI tasks to individual 

capabilities, progressing from simple to complex tasks 

while monitoring engagement and performance. 
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3. Integration: Use GMI alongside task-oriented training, 

strength exercises, and functional practice to maximize 

transfer of gains to real-world activities. 

4. Education: Educate patients and caregivers about the 

science behind GMI to foster understanding and 

adherence. 

5. Monitoring: Regularly assess outcomes using 

standardized measures and adjust protocols based on 

progress. 

 

 
Conclusion 

Graded Motor Imagery represents a promising, neuroplasticity-

based adjunct to conventional stroke rehabilitation strategies, 

particularly for improving upper limb motor function among 

stroke survivors. By engaging cognitive motor processes and 

promoting adaptive reorganization of sensorimotor networks, 

GMI can enhance motor recovery, functional use, and patient 

confidence. While current evidence supports its effectiveness, 

particularly when integrated with conventional therapy, further 

research with larger samples, standardized protocols, and long-

term follow-ups is essential. Clinicians should consider GMI as 

part of a comprehensive, individualized rehabilitation plan aimed 

at maximizing recovery and quality of life for stroke survivors. 
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